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ABSTRACT

This paper introduces several data analysis routines

that were designed for Interactive use with APL (A Program-

ming Language) and placed in the APL user library at the

Naval Postgraduate School . Specifically, histograms , den-

sit y estimation and probability pl otting routines are both

explained in detail and demonstrated wi th actual data . In

a d d i t i o n , appl icat ions and l imitat ions on each of the rou—

tines are explored. And , the  c o m b i n e d  r o u t i n e s  g i v e  t he

genera l user an extensive tool to analyze either discret e

or con tinuous data .
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I. INTRODUCTION

The Naval Postgradua te School acquired APL (A Program-

ming Language) from IBM In 1974. SInce that time more and

more students and faculty have become fami l iar with the ex-

tensive and efficien t capabilities of APL and have been

putt ing these features to good use. With the acquisition of

APL came several ex tensive library routines that are both

well documen ted and varied in scope. However , on close ex-

am ination of these library routines it was found that statis-

tics and data analysis were areas where some additions would

be particularly useful.

Because of the effir~ency and ease of API in manipulat —

• ing vectors , mat r i ces an d arra y s , it is ideal for use in the

area of data analysis. After a complete and thorough screen-

ing of the existing API library routines pertaining to

da ta a n a l y s i s , it was found that by adding six additional

da ta analysis routines to the present library , the Naval Post-

graduate School coul d enhance its present API capability

and provide the student and genera l user with a more varied

and flex ible tool for analyzing data.

To th is end the purpose of this thesis will be (1) to corn-

ple tely describe the six data analysis routines added to the

APL lIbrar y, (2) to explain the features and capabilities of

each of the rout ines and (3) to demonstrate the use of each

of the routines with “ real world data ” .

8



The data to be used in this paper has come from two dif-

ferent sources. The first source of data was from tests per-

formed jointly by IBM Germany and the German Public Telephone

Network on errors in transmission of binary data on telephone

• l ines (Lewis & Cox , 1966). From this source two sets of data

are used and each da ta set contains the times between errors

in binar y bits transmitted over telephone lines. The f i rst

data set conta ins 672 elements (times-between-errors : actual-

ly number of b its between errors )~ and will hereby be referred

to as “ telephone data 1” . The second data set con tains 736

elements and will be referred to as “tele phone data 2” . The

secon d source of data was obtained from percent overrun or

underrun on selected m ilitary contracts during the year 1950

( D i xon , 1 973). This data set contains 22 elements and will

be referred to as “cost overrun data ” .

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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II. HISTOGRAM ROUTINE

A. DESCRIPTION

The first rou tine to be presented is the histogram rou.—

tine which is used for estimating from given data the proba-

bility density function f(x) of a continuous random vari-

able. The curren t API library has several small histogram

rout ines that are general in nature but lack the overal de-

ta il necessary for good data analysis . For this reason HIST

(histogram routine) was created. HIST represents the adap-

tion and modification of the fortran library version of

H IS T G /F , wh ich was developed at N.P.S. by D. R. Rob i nson

under the guidance of Professor P.A.W. Lewis. By modifying

an d adap ting HISTGfF to APL the power and efficiency of

the A PL language could be put to full use.

A com plete description of how HIST operates is con—

ta m ed in the variable HISTHOW. If the users APL work-

space is properly loaded (see section IX.B. for wor kspace

load ing procedures) all that is necessary is to type HIST-

HOW. The user then rece ives the following printed response

on the t e r m i n a l :

H I S TH O W

S YNTAX HIS ?

f I S T ALLOWS YO U To r~v TE’RAC TIVEr~r OB T A I N  A HIS TOGRAM OF
• YOUR DATA ALONG WITH A SET OF BASI C DESCRIPTI VE STATISTICS .

IN ADDITION , RIST HAS THE FOLLOWIN G CAPABILITIES WHICH ALLOW
YOU :

10
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( 1)  THE OPTION OF A TITLE FOR YOUR HISTOGRAM
(2 )  THE OPTION OF DISPLAYING A SMOOTHED EMPIRICAL DENSITY

FUNCTION O VER THE HISTOGRAM
( 3 )  THE OPTION OF SCALING AND SELECTING THE ’ NUMBER OF

CELLS FOR YOUR HISTOGRAM
(44 ) THE OPTION OF SELECTING AN INTERVAL AND PERFORMING A

HISTOGRAM ON ALL THE DATA POINTS OR CONDITIONALLY
SELECTING AN INTERVA L IN THE RANGE OF THE DATA .

( 5 )  THE OPTION OF HA VING YOUR OUTPUT APPEAR ON THE
OFFLINE PRINTER OR ON YOUR TERMINAL

WHEN YOU TYPE fIST YOU WILL BE’ ASKED TO DO THE’ FOLLOWING :
( 1)  ENTER YOUR DATA IN VECTOR FORM - YOU CAN TYPE YOUR DATA

1 : IN SINGLY OR YOU CAN TYPE THE NAME OF A VARIABLE THAT
L HAS YOUR DA TA IN IT. YOU MUST ENSURE THA T YOU HA VE’ AT

LEAST 10 DATA POINTS IN YOUR VECTOR AND THA T THERE IS
SOME DIFFERENCES IN THE DATA POINTS (MA X SIZE’ OF INTEGER
VECTOR IS APPROX . 2500 , MAX SIZE OF REAL VECTOR IS
2000 ) .  AFTER YOU HAVE ’ ENTERED YOUR DATA YOU WILL BE’
ASKED

( 2 )  IF YOU DESIRE A SMO OTHED EMPIRICAL DENSITY FUNCTION OR
NOT. THE EMPIRICAL DENSITY FUNCTION WHEN PLOTTED GIVES
ESSENTIALLY A YORE EXACT PICTURE OF THE DATA THAN DOE ’S
THE HISTOGRAM ALONE. ALTHOUGH THIS FEATURE IS SLIGHTLY
BLURRED BY THE PRECISION WHICH CAN BE OBTAINED WITH THE’
APL BALL (THE APL FINE PLOT IS NOT PRESENTLY AVAILA-
BLE ON THE NPS SYSTEM ). THE SMOOTHED EMPIRICAL DENSITY
IS DEFINED BY THE RELATION (LEWIS ,LIU,ROBINSO1V , AND ROS-
ENBLATT ,1975; ROSENBLATT .1956)

- 1
F ( Z )   \ W((X — Z )  + B (N ))
N N x B ( N )  f _ I

1=1

WHERE’ N IS TIlE’ NUMBER OF DATA POINTS , 8(N) IS A BAND -
WIDTH FUNCTION ,

• 8 ( N )  = RANGE * SQRT(N)

AND W IS A WEIGHT FUNCTION,

W(Z) = 0 IF I Z I  > 1.
= 1 - L Z I  OTHERWISE 

-—-- ——
~~~~~~~~~~~~~~~ — ~~ -~~~~~~~~~ - ~~~~~~~ -— - — -- - -~~ ———-~~~~~~~~~~~~



F(Z) IS C’ONPUTZD FOR VALUES OF Z BETWEEN THE’ MAXIM UM
AND THE’ MINIM UM OF THE SAMPLE AND PLOTTED OVER THE’
HISTOGRAM USING THE SYMBOL -F- . THE RELATIVE FREQUENCY
MARKS ON THE LEFT OF THE ’ OUTPUT REFER TO THE HISTOGRAM .
AND NOT TO THE DENSITY FUNCTION . AFTER THIS QUERY YOU
WILL BE ASKED

( 3 )  IF YOU DESIRE TO TITLE’ YOUR HISTOGRAM . IF YOU ELECT TO
TITLE YOUR HISTOGRAM , SIMPLY TYPE’ YOUR TITLE, ENSURING
THA T YOUR TITLE IS MORE’ THAN ONE ’ CHARACTER IN LENGTH .
IF NO TITLE IS DESIRED JUST HIT THE CARRIAGE RETURN.
AFTER TIlE TITLE QUERY YOU WZLZ BE ASKED

(t e ) IF IOU WANT TO SET YOUR OWN SCALE AND THE’ NUMB ER OF
CELLS . YOUR RESPONSE ’ MUST BE .4 VECTOR OF 3 ELEMEN TS
THE FIRST ELEMENT IS THE’ NUMBER OF CELLS YOU DESIR E’,
THIS MUST BE’ AN INTEGER BETWEEN 10 AND 28 , THE’
SECOND ELEMENT IS THE LEFT SCALE’ POINT AND THE’ THIRD
ELEMENT IS THE’ RIGHT SCALE POINT (fIST DOES NOT REQUIRE ’
THAT YOUR INTERVAL BE DIVISIBLE BY THE NUMBER OF CELLS ).
IF YOU WANT HIS? TO AUTOMA TICALLY SCALE AND PICK THE’
CELLS YOU SHOULD TYPE THE’ VECTOR 0 0 0 . AFTER YOU
HA VE SELECTED YOUR SCALING TECHNIQ UE YOU WILL BE ASKED

( 5 )  IF YOU WANT DATA POINTS NOT INSIDE ’ THE SCALE LIMITS
IN CLUDED tN THE HISTOGRAM ROUTINE. MOST HISTOGRAMS LUMP
DATA POINTS THAT FALL OUTSIDE THE’ SCALE LIMITS IN THE

F END CELLS . HOWEVER , fIST GIVES YOU THE OPTION OF
INCLUDING THEM OR EXCLUDING THEM, I.E. OF OBTAINING A
HISTOGRAM FOR THE CONDITIONA L DENSITY . AFTER YOUR RE-
SPONSE TO THIS QUERY YOU WILL BE’ ASKED

(6) IF YOU WANT YOUR OUTPUT TO APPEAR ON THE OFFLINE ’ PRINTER
OR ON YOUR TERMINAL.  IF YOU SELECT THE OFF LINE PR INTER
THE NEXT RESPONSE YOU WILL RECEIVE ’ ON YOUR TERMINAL IS
- HISTOGRAM SENT TO PRINTER - . THIS RESPONSE WILL TAKE
SEVERAL SECONDS AND AFTER IT IS RECEIVED YOUR TERMINAL
IS FREE ’ FOR FURTHER USE’. HOWEVER , IF YOU ELECTED TO
RA VE YOUR HISTOGRAM PRINTED ON YOUR TERMINAL THE
PRINTING WOULD BEGIN IN JUST A PEW SECONDS BUT WOULD
TAKE BETWEEN 5 AND 10 MINUTE ’S TO COMPLETE .

THE FOLLOWING BASIC DESCRIPTIVE STATISTICS ARE ’ COMPUTED
AND PRINTED OUT BY HIS?.

MEAN, MEDIAN, TRIMEAN, MIDMEAN, MODE ’
GEOMETRIC AND HARMONIC MEANS (POSITIVE’ SAMPLE’S ONLY)
VARIA NCE, STANDARD DEVIATION, COEFFICIENT OF VARIATION ,

RANGE AND MIDSPRE ’AD
THIRD AND FOUR TH CENTRAL MOMENTS , COEFFICIENTS OP SKEW-

NESS AND KURTOSIS
MAXIMUM, MINIM UM AND 5 SAMPLE ’ QUANTILES

12
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IN ADDITION, THE MEAN IS DISPLAYED ON THE HISTOGRAM BY .4
VERTICAL COLUMN OF -M- AND THE QUARTILES BY COLUMNS OF
DOTS.

Z~~ Q.~Z~ LZ
THE DEFINITIONS OF THE BASIC STATISTICS COMPUTED B! HIS?

ARE LISTED BELOW . PAGE NUMBER REFERENCES ARE TO THE CRC
STANDARD MATH TABLES , 19TH- EDITION (1971).

MEAN AVERAGE ’ OF THE’ SAMPLE (P 551e).

MEDIAN MID-VALUE OF THE SAMPLE . IF THERE ARE AN ODD
NUMBER OF SAMPLE POINTS . OR THE’ AVERAGE OF THE TWO
MIDDLE VALUE’S FOR AN EVEN NUMBER OF POINTS (P 555)

SAMPLE’ THE Q (1) .25 , Q (2) .50, AND Q(3)= .75 POPULATION
QUARTILES QUARTILES ARE THE’ SOLUTION TO THE EQUATION

PROB (X � X(Q(Z))) Q(I) 11,2 , 3 . THE SAMPLE
QUARTILES. WHICH ESTIMATE THE POPULATION QUARTILE’S
ARE . THE J~~ ORDERED VALUE IN THE SAMPLE. WHERE
J = C Q (I)xN ] + j . • WHERE N = SAMPLE SIZE.

TRIMEAN 0 .2 5 x ( Q ( j )  ÷ 2 Q ( 2 )  ÷ Q(3)), WHERE THE Q(Z) ARE ’
THE QUARTILES .

MIDMEAN THE AVERAGE OF ALL THE’ SAMPLE ’ VALUES BETWEEN THE
UPPER AND LOWER QUARTILES .

MODE THE DATA POINT THAT OCCURS MOST OFTEN (IF ALL THE
DATA POINTS ARE DIFFERENT OR IF THERE ARE ’ MORE ’
THAN 300 DATA POINTS THE MODE WILL NOT BE PRINTED .
IF TWO OR MORE MODES OCCUR HIST WILL PRINT THE ’
FIRST MODE ’.)

MIDRANGE AVERAGE OF THE MAXIMUM AND MINIM UM .

GEOMETRIC (P 5 5 4 4 ) .
MEA N

HARMONIC (P 5 5 5) .
MEAN

VARIANCE (P 557). UNBIASED ESTIMATORS FOR VARIANCE ’ AND
STANDARD DEVIA TION ARE ’ USED .

STANDARD (P 557).
DEVIATION

13
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COEFFICIENT OF VARIATION = STANDARD DEVIATION + MEAN I WHEN
THE MEAN IS LESS THAN 1E-30 , THE COEFFICIENT OF
VARIATiON IS SET TO ZERO .

MEAN (P 556) .  THE AVERAGE OF THE SUM OF THE ABSOLUTE
DEVIATION DIFFERENCES BETWEEN THE SAMPLE ’ VALUES AND THE

MEDIAN. 
-

RANGE ’ MAXIMUM - MINIMUM (P 557) .

MIDSPREAD Q (3) - Q ( 1)  , ALSO CALLED THE INTERQUARTILE
DISTANCE .

M3 THIRD CENTRAL MOMENT. UNBIASED ESTIMATOR IS USED .
(P 558)

Mae FOURTH CENTRAL MOMENT. UNBIASED ESTIMA TOR IS USED .
(P 558)

COEFFICIENT OF SKEWNESS P43 * (S T D  D E V) *3

COEFFICIENT OF KURTOSIS ( M44 + (STD DEV)*te ) - 3

BA’TA1 BIASED ESTIMA TE OF THIRD CENTRAL MOMENT. CAN BE’
USED IN TESTING FOR NORMALITY . (BIOMETRIKA TABLES
FOR STATISTICIANS ,1966).

BETA 2 BIASED ESTIMATE OF FOUR TH CENTRAL MOMENT. (BIOMET-
RIXA TABLES FOR STATISTICIANS ,1966).

MAXIMUM LARGEST SAMPLE VALUE .

MINIMUM SMALLEST SAMPLE VALUE .

SAMPLE THE ~-QUANTILE , X(~~), IS THE SOLUTION TO THE EQ.
QUANTILES PROBABILITY (X � X (~~)) a

With this complete descr i ption the general user should

be able to take full advan tage of HIST and put to use all

Its options.

-- - 
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B. USAGE WITH TELEPHONE DATA 1 AND TELEPHONE
DATA 2, O F F L I N E , ALL DATA , ECDF , AND TITLE

HIST was now used on two sets of data. Both tele phone

data 1 and telephone data 2 were f i rst used wi th the o f f l i n e

printer demonstratin g the t i t le option , the empirical den-

sity function option and us ing the conditional option with 
-

any data points outside the desi gnated interval being lumped

into the end ce l ls .  When HIST was typed the fo l lowing re-

sponses to each of the queries were entered.
HIST

ENTER ~ATA IN VECTOR FOR~f
U

TELDAT1

f l’ YOU 4LS-9 WANT A SMOO TH ~’T) P- ’” ’rRTCA L ‘~ ‘NS IT Y F ’J~TCT TO ~ ~
‘
~ ““~ “?

A 1 • IF  YOU D O “0? WA ’1T I~’ F’V?~’.’? “ 0
0:

1

IF YOU WANT TO Tr?LE’ YOUR TUSTO~ Rf l ’  TY P - ~’ YOU ~ T!~”’~ ’.
IF  YOU DO NOT WANT A TITLE’ JUST TU? TY!! CA~~?I~ C~ °F’TUPP .

TELEPHONE DATA 1

IF YOU WANT TO SET TT!E’ .‘I UM T ’.P R OP CE LLS AN D  THE ’ S CALE ’  E N TE R
!!IRST THE P1tJ~1BE ’R OP CELLS (API INTE’ ER 3PTWPP.V 10 AND 28)
FOLLOWED BY A SPACE ’ A N D  TTIE ’P1 YOUR L~’P1’ SCALE ~OINT FOLLOW ED
BY A SPA CE AND THEN YOUR RIGHT SCALE POINT. HOWEVER , IF YOU
WANT HIS? TO A U T O M A TI C A L L Y  SCALE ENTER 0 0 0
0:

23 0 20000

GIVEN THAT YOU HAVE SET 701/H OWN SCALP , TO I N CL U D E  D.4 TA
POINTS THA T ?•ITGHT BE OUTSIDE YOUR SCALE LI !ITS PP T~’F ! ! N )
CELLS , TYPE’ 1 • IF YOU DESIGNATED AUTOSCALP ALSO , TYP!
1 . IF HOWEVER , YOU DO NOT WA ??? THE DA TA OUTSI D E TH ~? S C A LE
LIP! ITS INCLUDED IN THE’ HISTOGRAM , TYPE 0
U

1

IF  YOU WAN T  YOUR OI J TD U T  TO A~~~.!AP ON TY~ OP ’t TN E  DPT ” T~ R ,
TYD E ’  1 • IF  YOU WAN T YOUR OTJ ’rP TJ T TO 4P ”E •4 R 0$! YO TI R
TERMINAL . TYPE’ 0 • (N O T E  IF  YOU ?Y7’!~ 0 ~~ S ’J P .P YO1J~’
TERIfIPIALS CARRIA~ P °A GE SETTP”~ IS ON ?PE ~~r’ ’i~ W’”~ ”)fl.

1
RIS TOGRA~! SENT TO P R I N T E R
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I
Note that telephone data 1 was contained In the var iable

TELDAT1 and that the number of cells chosen was 28 wIth the

left scale point being 0 and the right scale point being

20 ,000.

A f t e r  the r e spo n s e  - HISTOGRAM SENT TO PRINTER - w a s  re-

ceived . HIST was again typed under identical condit ions -

and te lephone data 2 was entered through the var iable

TELDAT2 .

HIS?
ENTER DATA I?? VECTOR FORM
0:

TELDAT 2 -

IF YOU AL SO WANT .4 S’400TYEfl EMPIPI0AL D~’P1S t?’ Y !‘U~zCTT0v “‘~7TP!
A 1 • r~ YOU DO NOT WANT 17’ PNT~~ A 0
0: -

1

IF YOU WAIl? TO TITLE YOUR HISTOGRAM ?YPF YO1J~ TT7’LP .
IF YOU DO 110? WANT A TITLE JUST HI? THE CA R RI A G E  R~ T ’JRV.

TELEPH ONE ’ DATA 2

IF YOU WANT TO SET THE NUMBER OF CELLS AND THE SCALE ENTER
FIRST TIlE’ NUMBER OF CELLS (AN INTEGER BFTW~TN 10 AND 28)
FOLLOWED BY A SPACE AND TIfF?! YOUR LEFT SCALP POIN T FOLLOWED
BY A SPA CE AND THEN YOUR RIGHT SCALE P0171?. HOWEVER , IF YOU
WANT HIST TO AUTOMATICALLY SCALE EN T E R  0 0 0
0:

28 0 20000

GIVEN THAT YOU HA VE ’ SET YOUR OWN SCALE , TO INCLUDE DA TA
P OINTS THAT M I GH T  BE OUTSIDE YOUR SCALE LI’~1ITS IN THE P110
CELLS , TYPE I . IF YOU DESIGNATED A TJDOSCAL ! ALSO , TYP~’
1 • IF HOWEVER , YOU DO NOT WANT THE’ DATA oUTsroE’ THE SCALE ’
LIMITS INCLUDED IN T.qE HISTOGRA ’!, TYPE ’ 0
0:

1

IF  YO U WANT YOUR OUTPUT TO A P P E A R  C” ?~‘! ~~~~~ PR T~’?EP,
TYPE ’ 1 • IP YOU WA??? YO UR OU?P ’J ? TO AP P F A .~? 011 YOUD
T ! R MI NA L , TYPE 0 . ( N OTE I F  ~O7j ~“,-‘~ r ’~ o !~P SUR~ 707/!
T E RM IN A LS CARRIAGE PA GE ’ S E T TI N G  TS 0~7 THE ~~~~9U” Wr~~ w)

1
rI ISTOGRA ’f SENT TO P R r N T F R

L - 
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Now by looking at figure 1 (output for telephone data 1)

and figure 2 (output from telephone data 2) the s imi lar i t ies

and differences in the histograms can be compared. Without

getting Into specif ics , the empirical density function plot

seems to indicate that both sets of data are similar . How-

ever , the one t ime-between-errors dominate the data; a more

detai led discussion of this data and Its analysis Is given

in Section VI II. - 
-
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C. USAGE WITH TELEPHONE DATA 1 AND TELEPHONE DATA 2, ON
LINE; CONDITIONAL DATA BETWEEN 2 AND 140, ECDF , AND TITLE

Because both sets of data con tain:

(1) a large number of elemen ts ,

(2) a large number of times-between—error equal to 1
- (this becomes more apparent when HISTLIST is

described), and

(3) the range of the da ta sets is so extensive ,

it would appear that the conditional option avai lable on

lu ST could be used to see if the two data sets are in fact

sim ilar over a small er interval. This in fact was done us-

ing the on l ine printer option , the empir ical density func-

t i o n  option , the title option and the conditional option

w ith any data points outsi de the designated interval exclud ed

from the histogram .

‘lIST
ENTER DA TA IN VECTOR FO R’f
0:

TE’LDA Ti

IF YOU ALSO WANT A S M O O T H E D  E M P I R r C A L  D E N SI T Y  F TJ N C T T C .’I EN TE R
A 1 • IF YOU DO ROT WA NT IT ENTER A 0
0:

1

IF YOU WANT TO TITLE’ YOUR HISTOGP471 TYPE YOUR ?rTLF .
IF YOU DO NOT WANT A TITLE’ JUS T HI? THE ’ CARPTA CF P~ TUPN .

TELEPHONE ’ DA TA 1 BETWEEN 2 AND l’e O

IF YOU WANT TO SET THE ’ NUMBER OF CELLS AND THE ’ SCALE P%’TER
FIRST THE NUMBER OF CELLS (AN INTEGER BETWEEN 10 AND 28)
FOLLOWED BY A SPACE ’ AND THE?! YOUR LEFT SCALE PO~ YT PO~JLOW?’D
BY A SPACE AND THEN YOUR ‘lI GHT SCALP DOI??T. ~?OWE’VER. T!~ YOU
WANT HIS? TO AUTOMA TICALLY S~’ALE ’ ENTER 0 0 0
0:

28 2 1’~0

20
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H
GIVEN THA T 70(1 HA VE’ SE’? YOUR OWN SCALP , TO t1VCL~~ P D4TA
POt.~2’S THAT ‘f ICR? BE OU?SI~P YOUR SCA T,P TJP~f ITS I” ?P~~ ~‘V7 ~
CELLS , TYPE’ 1 • IF YOU ‘)ESI’P’A TPD ATJ 7’OS”ALE ALSO , TY~ P
1 . IF ROWEVE ’?, YOU DO PlO? WA ??? ?‘Ff P  ‘) A 7’A OTJ ?’H Z’DP T’lE S”ALP’
Lt.’f ITS INCLUDED IN TUE PIS7’0C7?A ’i, TYPE 0
0:

0 -

I F  YOU WANT YOUR OUTPUT TO ADPEA R ON T’l~ OPPL INE ~RI ’J T ! R ,
TYPE 1 • IF YOU WANT YOUR OUT~ tJ ~ TO A DVFAR ON YOUR
TERMINAL , TYPE’ 0 • (NOTE’ IF YOU TYPED 0 NE SURF YOUR
T E R MI N A LS CARRI A GE PAGE SE T T I N G  IS ON THE ‘~A Krt-1UM WTf l ?!? )

0

Note that the same var iab l e  TELDAT 1 is used but this
time the interval  wa s between 2 and 140. A l s o , t he  -

HISTOGRAM SENT TO PRINTER - was not typed because the on— -

line printer ( terminal)  option was employed.

After the output for telephone data 1 was pr inted HIST

was again typed and telephone data 2 was entered under iden-
t ica l  condi t ions.

HIS?
ENTER DA TA IN VEC?OH EO N.’?

TFLDI4T2

IF’ YO U ALSO WANT A SM OOTHED P ’~P I P T C A L 9 F ? J SI T Y  E Y Nt ~ ’TOP7 ~~iT~~P
A 1 . I F  YOU DO NOT WAN T IT P?ITE R A 0
I-,

1

IF YOU WANT TO TITLE YOUR YISTOGRA !! TYPE YOUR T IT LE .
IF YOU DO NOT WANT A TITLE JUST !I’IT THE’ CARRTAGP ~PTUHY .

TELEPHONE ’ DATA 2 BETWEEN 2 AND 1140

IF YOU WANT TO SET THE NUMBER OF T~LLS AND THE SOA TJP ENTER
FIRST THE NUMBER OF CELLS (Ar! INTEGER BETWEEN 10 AND 28)
FOLLOWED BY A SPACE ’ A N D  THEN YOUR LEFT SCALP PO INT FOLLOWED
BY A SPA CE AND THEN YOUR Rf lH T  SCALE P O I N T .  H O WF VF R , I F  YOU
WANT HIS? TO AUTOMATICALLY SCALE ENTER 0 0 0 .

28 2 1140

_ _  - - - - .~_ I _
~ ... - _



• ~~~~
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GIVEN THA T YOU HA VE SET YOU .N OWN SCALE , TO INCLUDE DATA
POINTS THAT MI GHT BE OUTSIDE YOUR S CALE LI M I T S  I ” TH E END
CELLS , TYPE 1 • IF _ You DA’SIGPIAT!O A UTOSCAL P ALSO , ?Y~~1 . IF’ HOWEVER , YOU DO NO? WAN? THE DA TA OU?S~~~ T’P SrALP
Lr’11TS INCLUDED IN THE’ HTSTOGRA ’f , TYPE 0
0:

0

IF YOU WANT YOUR OUTPUT TO APPEA R ON THE O P F T , I N E  PRINTER .
TYPE 1 . IF YOU WANT YOUR OTITRU? TO APPEA R O~’ YOUR
TERMINAL , TYPE 0 . (NOTE’ IF YOU TYPED 0 N~’ S (J P~ YOUR
TERMINALS CARRIAGE PAGE SETTING IS O?T THE ‘fA %T&W~f Wr ~~? T)
0:

0

Figure 3 (output from telephone data 1 between 2 and

140) and figure 4 (output from telephone data 2 between 2

and 140) now appear quite different in shape based on the

emp irical density fun’~tion plot. This is , aga i n , because

of the extensive range of the data (85,99 3 for te le phone

da ta 1 and 67,271 for telephone data 2) and the large number

of times -between —e rror equal to one. Both sets of data are

actually discre te , onl y occurring at multiples of 1 , but as

an initial analysis the data sets were treated as continuous.

Thus , by employing the conditional option available on HIST

di fferences in the’ two sets of data become quit e apparent

whereas before , the differences were not so easily de tected.
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• ~.. 4 0*

4) 0 I C, I S S U S S S 5* • C. — 0 N 0* 0 I’. 4*
— I C,, S 5 S S 5 5 U • a LI 4, N 14 1* 5 N 7’

‘ ~. a... ... sI C.
LI • 4. # .‘S t~ 

IC IO IO I O N N O*
C. a C, . .s . s . .a s s  *1 ‘7C~ N I  C, a.
‘7 • 5, • s . s S s a . s s U .* .  C. k4

• 5. 4 I.. I’.C s *  • s • 5 , S . s s s S s s s  U U . S SS S S S S U . . 5* S 5 5 5 .* * 5 5  0 o C . a a . a .
‘7 .3, 5 C ,.. S 5 .S . *U . . S S S S S S S S S S . 5 . . S . S S • S S S U S*  • I’. 4 *Cct3¼ C0C, • 5 . . s s s . s .•  • 5 . s  . S S 5 5 55 S S5 5 . .~~~~~.5 5 * 5 S 5 S U .  N C. a. t a . a .a . C . *

• ‘7 a. 5,44 a.
0 C *0 4, 01 N ‘A 14 0 1, C . 5 . C . C . C . C . 5~1-5 — — a — 0 0 0 0 0 *0 C. a .’ 7 5 . 0 0’ 7 C .
- , , . . , . . . Cc 5 . C c C . ’ - s5. C.4 a.
‘7 *0 ‘7 0 0 0 ‘7 0 0 o LI LI
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III. LISTING ROUTINE

A. DESCRIPTION

The second routine presen ted is a l ist ing routine. APL

has a function that will automa tically sort the data and

print the results . However , the unique feature of H I S T L I S T

(listing routine) is that it takes advantage of like occur-

rences in the data and prints the ordered data ascendingly

in a compressed form . This becomes h ighly useful when list-

ing a large number of data po ints that contain multiple oc-

currences. I t is also a tool for finding multiplicities in

supposedl y continuous data , and a probability function esti-

ma ting routine for data whi ch is known to be discrete.

A com plete description of how HISTLIST operates is

con tained in the variable HISTLISTHOW . When the user types

HISTLISTHOW the following response is printed on the

term i n a l :

HISTLISTHOW

SYNTAX HIS TLIST

HISTLI S T IS A HIGHLY CONVENIENT WAY TO LIST YOUR DA TA .
HISTLIST TAKES YOUR DATA , ORDERS IT AND COMPRESSES IT. FOR
EXAMPLE. IF THREE DATA POINTS WERE ALL THE SAME VALUE
HISTLIST WOULD JUST PRINT THE VALUE ONCE ’ AND THEN PRINT THE
NUMB ER OF OCCURENCE ’S OF THAT VALUE . H~STLIST WILL ALSO
PRINT THE SERIAL NUMBER OF THE’ DA TA , THE’ PERCENTAGE THIS
SAMPLE VALUE IS TO THE WHOLE SAMPLE , AND A SMALL HISTOGRAM
(STARS ) SHO WING RELATIVE PERCENTAGES . EXAMPLE: 6 ‘4 ‘4 3 ‘4

IllS TLIST
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SER . NUN . ORDERED DATA - NUMBER OF OCCURENCES PER CENT

1 3 1 .20
2 ‘4 3 .60
5 6 1 .20

HISTLIST (S IDEALLY SUITED FOR A LARGE SAMPLE THAT COULD
POSSIBLY HAVE A LOT OF LIKE OCC URENCES . H I S T LI S T  FURTHER HAS
THE ADVANTA GE OF BEING USED WITH ZITHER THE’ OFFLINE ’ PRINTER

- OR THE USERS TERMINAL.

B. USAGE WITH TELEPHONE DATA 1 AND TELEPHONE DATA 2 OFFLINE

HISTLIST was used w ith the title option and offline

prin ter option on both telephone data 1 and telephone data 2.

When HISTLIST was typed the following responses to each of

the queries were en tered.

HISTLIST
I J I S T L I S T  P R I N T S  THE SE RI A L N U M B E R  OP T~’E r~O ’?P RPSS ~ D
DATA , TFIA’ ORDERED DATA CO-’4PRESSFP , A -~~ T~P I U~I P .PR OF
L.rKE OCCURErJCES. En TER YOU?? DA TA r.~i V~’I C T OR FOP ~

f .
0:

TELDAT I

tF YOU WANT TO TI T LE  YOUR D A T A  TYD E  YO UR TT T T ~P .
IF YOU DO NOT W.4?IT A TITLE JUST if tT Tff~ CA RRIA ’7~’
RETURN .

TE’LEPifO~Vj !  DATA 1

IF  YOU WANT YOUR OUTPUT TO APPEA R ON THE’ OFFLIrIE
PRINTER TYPE 1 • IF YOU WANT YOUR OUTPUT TO APPEA R
ON YOUR TERMINAL TYPE 0 •

0:
1

HISTLIST SENT TO PRINTER

After the response - HISTLIST SENT TO PRINTER - was re-

ceived HISTLIST was again typed and telephone data 2 was

entered.
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HISTLIST
HISTLIST PRINTS THE ’ SERIAL P l U M BE R  OP THE COMPRESSED
DA TA , THE ORDERED DATA COMPRESSED , AND THE NUM BE R OF
LIKE OCCURA ’NCES. ENTER YOUR DATA (P1 VECTOR POR ’~.
0:

TELDA T2

IF YOU WANT TO T~TLF YOUR DATA TYP~ YOUR TITLE .
IF YOU DO NOT WANT A TITLE JUST tilT 7’~P CARRIA ’p
RETURN .

TELEPHONE DATA 2

IF 70(1 WANT YOUR OUTPUT TO APP EAR O& T~’F OPPLItiP
PRINTER TYPE 1 . IF YOU WANT YO UR OTJ7~U? TO APPEAR
ON YOUR TERMINAL TYPE 0
0:

1
HISTLIST SENT TO PRINTER

- Looking at figure 5 (output with telephone data 1) and

fi gure 6 (outpu t with telephone data 2) the listings of the

two da ta sets can be compared. It can be seen that both

telephone da ta 1 and telephone data 2 contain a large number

of mul tiple occurrenc es of the number one and the number two.

In fac t 19% of telephone data 1 is the number one and 24%

of telephone data 2 is the number one. Als o , telephone data
2 has man y more multiple occurrences in the 120 to 130 range

than telephone data 1. This was quickly apparent when one

looked at the stars to the right of the ordered data.

27 



- - --- -—-- — -
~~~~~~~~~~ -‘

FIGURE 5A

fEt~ FiCNC ;*ra 1

SERtAI. P4U~ 8ER 0~ D~ R~ C C~~TA NU M8ER OF CCCUR~NCES PER CENT
1 1.C00000 1 8 •********** 0.150

29 2.~ C4i3G) 4 ssa *a
a 3.4004100 8 *** 0.04

i •~~~ ~~~
- 5.~~’ 4 0 ** 0.02

-- - -— 

# - 9  a.

— 1 ? :
~6 *

- 345- ----- — - -— - - -  ~e.~ quu - --- - - - d -. - -—  - _____—-

353  i7.c~14~.44 8 *361 5
366 ~9.i~ uu00 12 • 0.018

— ~ 7i 2J.ça..3JJ
375 ~1.~~G0000 0.OC3e4 ~2.~ C0U0’3 5 0.007
384 23.~ G41~e3.~ 3 0.4104

- 352- - -  — - -  24.C~Go00 - - - - -— - - - - - - - 7 • -—-- - - - 0.010—
354 25 .COCJ OJ 3 0.004
4~ 2 24 .CCU4 ’JU 3 4.004
445 27 .C~~OU0 2 0.003—-—4~-7 Za.~~~~0O.1 3
410 ~c.cçC Qo~J 5 0.007
4 1.5 f 0.~~ G.j 04 6 * 0.0094 21. ~L..41.3400 4
425 - 32.C0f3004 - -- 4 - -

429 ~3.CCGO00 2 0.4143
4~~1. 34 .CC410~34 4 0.0464,55 35.~ CCCU4 3 4.044

— 4)~ 7.~~GGs1’3 1.
44,0 38.CI..00.34 2 0.0\3
442 3S.~~C0000 1 0.40144 3 40.~~ G4043*) 2 3.003
4s5 41.00C0443 2
447 43.CC 0000 4.40
448 4,4.I.LC04.~ 1. 4.40
449 45 .~~~C00G 4 0.406
* 3 3  — 4 s ~~~~ 3
4~~b ‘ 17 . C CC OthI  1 4.401
457 48.CC0000 2 4.003
455 44 .C00000 1 0.041
460 ~4.~.C000u - 1. - 4.OCI-
46 1. L. (C0004 2 4.403
463 2.C00000 1
464 3.CC0000 1. 4.001

-— -- — 4-65 4i4E000u 3— 0.43k
468 s.ccG(ou 2 4.003
470 56.a.C0u94
4 7 2  58.~~~G0u4
474 5 5 . C C C t ~0~1 - --  1. — ------0.4101-
4 75 c2 .CC0004 2 0.303
4 7 7  ~ 3. l.*44i04 3 0.044480 ~4.~ 0thJQ4 1 0.401

—-——-—~.+i ~5.i~CG040 -2 .1.403
e6.CGCI.00 1 4.401

4~~4 6â.I~41C*.l0~ 3 0.0446 5 . C Q C O O )  1 0.401488 70.~...C~0u-- - - - - 4 - - - - -— --—

‘Id’, 73. C C0~ O0
45Q j4.4.~ u4045~ s 5.C.OUuU L ~J .
4~~3 ?4v440Q4,b.~ I
456 83.0~ C~.04 1 0.401
4 57 €4 . C CC C OO 1. 0.00458 ~~~~~~~  1 0.40
459 88.CC0400 - - - 2 —-4.0’3-354 1 65.~~~C0QQ 1 4.401
502 5Q .6C440u 2 4.403
504 51.~~G~~ O.i 1 4.001
505 S3.CC~ OuU 1 4.001

1 Q.~~015~~, ca.~~oooo 1 U .
508 cs. CC o ~ u4 1

- - - 509 — --- 1 .C0000ti — — —  
~~~~

-— - - -—

a • 441
________ 

12 U 2 . O C O C O O  2 4.403
14 t t 4’C’J4~1
15 t16.4CG.j~4 I 4.40 1
Lb L1 7.GuC~jo.j 1
11 1.19.CCGuUu 1 4.441
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- - FIGURE 58

51.8 - )
~~O.-C~ UOfl41 - — -  - — - 4 ~~~~—~~~~~~~~~~~- ——~ a -

522 I~1.G~0çO’) 2
524 1.22.CCC~4d 2 0.0
526 123. 00000 

____________ 
4 0.41

-530 I-2*i 8000 1— — 3-.4 ~533 128. COuO’) 1 0.0
534 135. C0000 1 3.0
535 142. 90400 1 0.41
536 148. ~0000 - -  - - -- 0-.-0 -

537 153. 00000 1 0.
~~38 156. CQuOO 1 0.
535 I58.~ i~00U0 1 0. 1i . c  çqg.
~4i ~~~~~542 1’~.c ~0Q0 4 0.41 1.
543 L16.s O4auO 0.00
544 - — — - -  L77o ~ w0~3 1 - —-

545 1 83 .4  0.300 - 1 41.4101
1 0.0

547 - 187.CCG UOO
_______________ 

1 0.0-5*8 t —

549 ~53.CC000Q 1 0.00
5541 ~Q2.CG0GO’3 I 3.00
551 217.COOuJO 2 0.003
553 - - — - 224.OC400’.’ 1 0.41 -

554 22b.CCGJ~~ 1 1.0
555 228.000004 3 0.0 4
558 2 1.044004 1  0.9 1

1 -—-  4-soOt—-
5t0 237.C0000’ ) 1 0.401
561 235.CO Gu OU 2 4 .003
563 24Q.~~~4thhe 4 0.006
567 ---—- - - - 241.0G4u4~~~ 

— - -

568 244.440003 1 0.401.
569 248.C00000 1. 0.001
514 249.400400 1 0.001s-n ~~~~~~

,3te~J t 
—________

572 Z5~ .0C4u 0t) 1 4.441
573 2~4.440Q4U 1 4.401
574 219.~~ 0U04 1 9.001 ---�e~ .ccut~u’~576 291.GCC004 1 0.001
577 3G3 .CCOOUO 1 0.001
578 3 12.0CI~944 1 0.001
-s-li !1a.Oeeu sio I.
580 347.C4000’) 1 0.401
5L1 254.460000 1 4.001
582 3t0.400000 1 0.401

- 2t4- .0Ot~0QU —- — 1-- - - - - -

584 !7Q.CC0400 1 0.34
585 394.40000(3 1 0.04
586 354.0~ G3G4 1 0.001

4~~ .4-G00QU 1 4.301
588 464.440003 1 4.401
589 4e5.(C0000 1 0.001.
5941 473 .CCQuOt) 1. - 4.001
551 - -  - - -— - — 48 0.460000 - —---  — t  - —— — JoOO1. -
552 451. C CO C Oi3 1 0.401
553 545.CC0000 1. 0.001
594 630.000uOQ 2 0.403

-5-9 6. ~~*.—0CUuthJ 1
557 ~24.çO ooosJ 1 0.391
5’~8 11~~.~~0~Q00 1. 0.0
5’~’I 317.CC4641.J 1. ____________ 4.4
600 - -—--- -—--——--836.-C-*,Uul.a0 —— -t-
64 1 527.CC0( .OtJ 1 4 .041
642 124.~~CC404 1 0.301
603 1.s0.o40004________________ 1 4.331

-eij ’ 1
545 289.l~40009 1 3.001
66 ~~~~~~~~~~~ 1 0.4101
6.37 1305.0044410 1 - 0.341
6138 - - 1328.Cç0000- - 1- ~~~00t
6.39 1348.u.~303J 1 0.441
61.41 1355 .UO C U.30 - 1 0.001
614 1.-.L~ .ccoQoo - -- 1 - -

61.3 £489. laLl~~ 3O 1 0.
61.4 1453.CU640v 1 3. 1.
615 1514.C44400 1 3. 01

0.001—
617 1547..;OthJO.1 1 4.901
61.8 1623.CGUuOO 1 0.401
619 17E7.C~ 3004 1 0.001

-~~~~~~ OC?2.4CGeOU -1-
621. 2483.044404 1 0.401
622 28~ 6.~~C0.3J . I
623 2562.i.OO CiJ 4 1. 3.401

- 624--—- - ---- ----—- 3026.-G (3. ..00 1 ——— ----- —-——-——-e.i)-e-t—
625 3261.uC0444 1 4.441
626 3593.~~ 09O4 1 4.901
b21 36€ 5.C CC uOO 1 9.441

—ol d 3V~ 2 . v ~-J~
; I 4.-Ill-—

629 415 7.01 40’34 1 0.401
630 44t9.~~C900v 1. 4.4.31
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F I G U R E  5C

631 62C 8.CC44041 1. 0.4101-432  7614. 00u09— —-- - -——- —-1 - — --—--— 0.0*1—633 8322.Gco009 1 4.401634 9415.,40404sj 1 41.40635 9625.C4 C000 1. 0.00-436 9 b.. 45.3t7.3~ 3 41.031637 5818.046390 41.901.638 101~~4. C 1300 .4101639 t02 ’.8.~~C~ t3 JU6~d— —-—-- - 1045-1-. Goouo--— - --—--- - - — -- - -— — — - - - - 0.64 1 1453 5.440000042 1128u.~~C0Q0o 4 .41643 13447.C004.341 0.0—4-44 Fi-3€5 0G441- 3i; 1.41645 I5L55.~ ç0..j4,j .3.90646 15254.CC 000 0.41647 l5~ -~4.~ CS000 41.0- 643 L5947 ...G041U~~--- - - — -  - --649 158t8.C~ 4u414 3.46541 16264.~.4~ 449 0.41651 16259.3044441 i3.0C1—o52 ~~~~~~~~~~~~ — 1.-Ill-—6 53 I6408 .440 . ~44 4 .7  1
55 L7 134. O CC 000oSa - - 1 1 6 67 .C 4 4 4 4 4  - 3 .7 - —057 18218.C400 .3o 0.4658 t8249..~4434 .) 3.3 1055 19461.400003. 0.416121 ~~~~~r~~~G41O—~~~~~~ I ~~~~~~661 2 3 4 5 3 . G ~ 0JJ4502 24o52.4041s3 00 3.401663 26643,444434 9.401.564 30974.OCOUOO 1 - 3.401 -ôoS 35 6 44 .0C0 4 4 0  1. 0.00138463.44444141 1 3.3 1bol 40 L31.46~3U04 1 3.421-b’b8-- ——444 ~~~~~~ 1.605 47552.0400133 1 4.431670 6L7L0.~ 0Qu441 1 3.001671 69715.4OO04..~ 1 3.0016 7Z d5c;3.400490-- 1
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F I G U R E  6A
T2~.EP~,CNE CA TA 2

SEiUAI. Nu~ b~ a 0~ J8R~~C C~ T* 1UM6 E~ OF 00Cu RE-~CE5 P EP.  :~- r
1 1.449400 173 ~~~~~~~~~~~~~~~~~~~~~ -3 .242

179 2.464404 36 e” -

21.5 3.i~ç4iU0 11 • 3.315
226 4 . .~~4u9J 6
232 5.49C 000 6 (3.J iS
233 6. tC C1~ 3 )  5
243 7.GOlt 04 S 3.3)7
248 d.CC.kU3 4
252 c.çoo~;uo 4 J.n5
25* 113.~ U400.) 9 •
26 1I.C60-.’00 2 - 3 .4 - 7 3
2ó7 12.604409 3 0.334
2741 13.C41Jt~0U 1. -3 .431
271 14 .CCC’)04 1
272 15.00413414 1
273 16.~~~00 )U 4 ) ._ a --35
277 15.C00i/) ) 1 -3 .3-11
278 21..~ .343*) I 0.331
279 22. ..... 3 . ) ~’ 1 ‘3.-n I.
28.) 2 4 . C~ 1)UJJ 3
2 83 Z5...OOu)U 3 3 . 3 34
2â 6 26.CI.40*3c3 2 4.1.3
Z o o  21.. . .30 ’) -3 1
269 !0.I.4.-3-44 3
2-~2 ~2. s. . ..4 4J I
253 2 a . C C 0 0 0 3  1 -3 . - i - i t
294 ~4. 4C4- ) . i i 2
256 42.C.43 ’.,3-) I 1.4 3 1
297 4 4 . C Ct J 4 l~~) 1
V.8 47.410 ,J-Ju 9 3.4-15
342 U.C4040-3 1.
3C.~ ‘.-......‘-hl)312 5U.~...0C 3 )  ~. .ia 5
316 83.CCOUQO 3 .1.3 34
319 55.~~4 4t.~0O 2
321 Se. l.C’440 ) 4 -J .-fl 5
325 57 . (.4 0~ -3’) 3 3 . 3)4
328 53. ~~‘34u-i 1 -) ,)  31
329 55.6C4.0J 3
332 60. Cc )64 3 2
334 ~~~~~~~~~ 3
337  63. ~44$Q:) 1 -3.431
338 64. ~~ ‘J~,9J 1.4 ) 5
342 65. ..L~~~) J - )
345 t6 . ’.0u93’)
349 5 1. i... 0090 1 -1. ~ 31

5 3 .337
355 o9 .0~~4u3’)
353 74...L.hlO.3 3 3. 334
361 11. LC3~~) J  5 3. - 3 ) 7
3oo 73.. . .~~ J La. ) I I. ~•I~367 ~ 4.1.4~~94 )  1
3e~ 5.4C049-J 1
~69 6. C034-) .) 1 - ‘. 4
79 ~~~~~~ )4 I - ,. I 13.
71 â1.~~t )~.-)--3 I
72 é 0 .~ . t.~ ’•-) ’~ -) 1. ;.~ :1
73 ~~~~~~~~~~~ 1
74 ~~~~~~~~~~~~~~~~~~~ I -;.~~ ‘17 5 5 3 . ’~t: 4.4 34 1 ) . -~ t
7~ s 5 . C * 00-) .) 1
77 ,6.~~-,.4dO ’) I. 1 • J 4
73 97 . 6~..ti U I ‘ . 4 3 1
75 S9.O~.’)vJ4 3 3 . . ...
82 L ( , 3. . :C3404 1. 3 . - I 13.

363 10L.4CUJ (~) 1 3.4)1
304 145. 00044u I -3 . 4 - 1 3 .
385  tJb. .C0-34’J I. 1.4-il

Li ~ ?.~~L-u4’3.J I ‘3.4’1
1 3.~ at

£10..- 46-3-JO I ). 3-~13 85 111.~~(404U.3 1 i.. ‘1
1

351 Li2. ’~~UJ3J 9 -3. 3 )5
395 114. ~~~30’J4 3 . )- ~~~358 1 15.4440341 1 i.,’359 13.0. ,0 ’ 3i)’)’1 - - - -,
443 117 . I L .- ’ 39 1.- . I I

115. CC4G9 .J 
_
i. 1)7

439 119.cc ).j3.) • 3 . - L i
4 17 1233 .4 1 ~~~ 4 - I  • . it
420 12 1 . . c 3400J : )  7 -.
4 J3  i2z . ..4ii9i~.. 12 •

• -I . l i t
4 5 3  L Z4.~~CJ00- ) 7 ‘ a. 3 3. p
4*0 LZ5.~.(0..-: 7 •
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FIGURE 68
475 127.CC0)~ia3 3
478 L28. (63.kW 2 9•J ~J34841 12 9.C U 0JU J 4 3. 3 35434 130.I~~QO0-3 3 v.01 4
487 122.6000u4 3 0. 1 ,44~iQ 13~ .cCouu’J 2 “.3 3 349~ 1-3 1.UuIJ’J ’)  I -
49 3 3.4 .) .4~ 4141O3 1.
494 143.400009 1
495 152.C603 13J 1 -3. 1.1
496 t58 .CCOu4O 1 U.v ’J t497 Icb.~~0Qu04 I .h&hi L458 105.400004 4.4.)500 17~~.C00th )J 11.1105Q1 LL.s, 1CQt~.3u
5Q3 176.C.v943 1 .3. 3-)504 178.CqO.33.J I - 0.7-3505 18~ .C .JC41U 2 .1.343507 1e2.a~oo Jo 1 0.331500 1.85 .341 0003 1

187.C~ 41uo13 1 4 .401510 - 190.’,0.Xk3O 1 - - -

51.1 154.C0’JU00 1 3. a-i l512 155.C6.3o00 1 -3 .4 -3 1513 159.CCCvO .) I
514 266.CCC;OQu 1
515 2C9.C0000u 3. 3.4-_iL

2L 8.~~4OG 3O 1 ,. -.,~517 2Z9.CC3~ ’33 I
510 230.6000’34 1 - -
515 231 .C&0 ’— 6’3 - 1
524 239.4.3004.: 3 3 . 3 34
~23 243.000034 - 2
525 241.6C0~ J0 1
526 244.LU60 39 2
5 26 2.’7.~~~’30-).2 2
53.7 248.3.6090-3 2 -1. ~~~532 253.CCth.9.i - 1
533 251 .CC 3t. 00 i

4 .4 ) 3536 255.C C600.)  2 4 . 1) 3
538 Z!6.~~6C44o
539 26o.CC000u

2 72.G. . ’k-3O ‘3 . _ I541 275.3.C.k4-Js.’ I
542 230.C4100th3 I
S’3 253.4C.li - . 00 1 . 4)3 .
594 31i3.660o4.)
545 324.CCCOO’)
546 34.).(.134.jJ9 -J.4it
547 )4.’...60649 I 4.301
~4O 34o.~~ L- 9uOu -i..; ,1
549 359.C0.- 309
550 3a5.COCuOO 4. 3-33
552 367 .44~C~ -).J o. i - j r
553 3 77...~.4c 34 3.-) 31.554 380.664633 ~..-7 33.5 5 3e7.6C-. ; -3. .  - 3 . 3 ) 3 .

413.~~C9o-).i 4 . 4 ) 3 .
57 4 Ld. ’..-.’3...Ov 1 _;.
58 9.6..4030 I

559 453.66.4400 1
1 3. . 3 34 7 2 .464.344 1 3 .3 11

62 5-7 3 .C ~~333.) 4 2
0.’ 1 4 . ’ ‘1aS ~,07. CLuOJ) 1 . 3 ) 1
00 ~ Lu. 4U(9I.,~, 1 3. i-IL
o7 53- . .033 ’ C0 3 1 .1.341

500 ~~~~~~~~~~ I
09 5~~3. 3. . 1 J ’ ) - 3  3. 1 .4 - i t73  ~ ?.J .& -) 00 4.) I. -).~ i 33.73. ~72..C;)t ).3 1. -3. 3-U72 5 8 6. 00-)00 1 4 .4 -31 .5 3 7 . 4 C 4.JOu 1
74 691. ’ 34u94 3. ‘3.4.3 175 S Ls.6u9U.)’3 1~76 ~24 .( C I Uo4 1.
7 7 644.3 .C i,iUO 1 . 1 .4 ,3 .7~ o t 3 . 4 - 3 1 ,~4lJ Q 1 1. 4-31
75 3.’.. .-.“c 3)~ 3. -3 ... 31.SC l16.C~.t~’)63 2

_ 8 2  744 .  C 44J99 3. 4 .-Ill
503 742 .%. ~.t 199t4 2 3. 1-4 3585 75I.~~3.~.4J0 I I.-

3. p
3,7 26 2 .43. ~ ‘- 3.. 1 1. I I
508 6.’~C~ -J .3 ) I 4 .3
589 0 75 . . - .  .‘ --i .i - - ) I ~ .5-,..’ -hS • ...,._ J - ) - a  I 1.591 094.140994 1 4.4)3.552 ,26...t-0,-u-1 1.35:3 ;22. . :40 )-) ..•.. , p .
5’,.’ 5-.L.433u-)4 ) I
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In add ition , HISTLIST saved on printing time and paper.

By printing the data in compressed form HISTLIST saved

pr inting 448 lines (6 additional pages) in the case of tele—

phone data 1 and 419 lines (5 additional pages) in the case

of telephone data 2. Thus , HISTLIST not only gives the

user more informatio n than an ordered listing of the data ,

but also is cost effective In terms of printing time and

paper used. Finally, note that it is not possible to look

at the data in as much detail with routine HIST as with

HISTLIST. If the data is continuous and there are no multi-

p h d - t i e s , then HISTL IST gives only this information and

an ordered listing of the data. The shape of the density

function can best be seen (estimated) in using routine HIST. 

- - -_ -
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IV. SECTIONING ROUTINE

A. DESCRIPTION 
-

The third routine presented is the sectioning routine ,

HISTS. HISTS (sectioning routine) gives a way of assessing

the variability of estimates of descriptive statistics from

sample data . It is essential that the data be in random

order.

The basic idea is as follows: Assume we have m inde-

pendent observa tions 
~l’~

2’•••’
~ m of a random variable V.

The usual estimate of its mean value ~i = E ( Y )  is the sample 
-~

m

mean ~ , where ~ = E y 1/ m . Now y is the least—s quare s
1=1

es ti mate  of ji , and therefore unbiased with variance

var(,~) = cr2/m , where a2 = v a r ( y )  . Of course  a2 is un-

known , bu t we can estimate it from the data with the sample

var i ance
m

2 1 v’ - 2$ - j~ 1 i_. (y .~ - y)

i 1

and then estimate the variance of the estimate ~ of ‘~o as

a r (~r) 4— 
= 

m(m-lJ E 
(y 1 -

This is the basis for the sectioning routine: here the

y 1 are estimates of descripti ve statistics from the m sec-

tions of the data and ~ is the average of the statistics
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from each section . Estimates are assumed independent because

the original data is assumed to be independ ent.

A complete description of how I-liSTS operates is con-

tained in the variable HISTSHOW. When the user types HIST—

SHOW the following response is pr inted on the terminal:

HISTSHO W

SYNTA X HISTS 
-

MISTS ALLOWS YOU TO INTERACTIVELY SECTION YOUR DATA AND
ASSESS THE VARIABILITY IN EACH OF THE DESCRIPTIVE STATISTICS
BY USING THE SECTIONED SAMPLE DATA .

WHEN YOU TYPE HISTS YOU WILL BE ASKED TO DESIGNATE THE
NUMBER OF SECTIONS YOU DESIRE. HISTS WILL THEN TAKE
THE UNORDERED DATA AND DIVIDE THE DA TA INTO THE NUMBER
OF SECTIONS YOU INDICATE DISCARDING ANY DATA POINTS LEFT
OVER . FOR EXAMPLE , IF YOU HA VE’ 301 DA TA POINTS AND YOU
SELECT 10 SECTIONS MISTS WILL PLACE THE FIRST 30 DATA POINTS
IN THE ’ FIRST SECTION , THE SECOND 30 DATA POINTS IN THE
SECOND SECTION AND SO ON UNTIL THE LAST DA TA POINT IS
OMITTED . YOU WILL NOW HAVE’ 10 SECTIONS WITH 30 DATA POINTS
PER SECTION .

HISTS WOULD NOW PRINT THE FOLLOWING STATISTICS ON EACH OF
THE SECTIONS : MEAN , MEDIAN, VARIANCE’, STD DE’V, COAT VAR ,
SKEWNESS , KURTOS~S, MINIMUM AND MAXIMUM . IN ADDITION , THE
ABOVE STATISTICS WOULD BA’ PRINTED FOR THE UNSECTIONED DATA
TO ALLOW FOR COMPARISONS .

FINALLY , MISTS WILL PRINT (1) THE MEAN OF THE ’ SECTIONED
DATA STATISTICS . FOR EXAMPLE , THE MEAN FOR SKEWNESS WOULD BE
EA CH SECTION VALUE FOR SKEWNESS SUMMED UP AND DIVIDED BY THE
NUMB ER OF SECTIONS . ( 2 )  THE VARIANCE AND STD DEV OF THE’
SECTIONED DATA STATISTICS . AND , ( 3 )  THE STD DEV DIVIDED BY
THE SQUARE ROOT OF THE NUMBER OF SECTIONS , WHICH ESTIMATE’S
THE STANDARD DEVIATION OF THE STATISTICS .

AS A RESULT. MISTS WILL GIVE’ YOU AN UNBIASED ESTIMATE’ OF
THE VARIANCE ’ OF THE SAMPLE MEAN , MEDIAN, VARIANCE. STD DEV ,
COAT VAR, SKEWNESS AND X URTOSI S  FROM USING THE SAMPLE
VARIANCE OF THE SECTIONED DATA . WITH THIS RESULT , CONFIDENCE
INTERVALS CAN ALSO BE OB TAINED FOR EA CH OF THE ABOVE STATIS -
TICS , IF THE’ ESTIMA TES FROM THE SECTIONS ARE ’ NORMALLY DIE -
TRIBUTED . HISTS IS BEST SUITED FOR LARGE AND MODERATE SIZED
SAMPLES ; FOR SMALL SAMPLES JA CKNIFING SHOULD BE’ CONSIDERED .
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B. USAGE WITH TELEPHONE DATA 1

HISTS was now used on telephone data 1 to assess the

variability in the mean , median , variance , standard devia-

tion , coefficient of variation , skewness and kurtos -is. When

HISTS was typed the following responses were entered (see

figure 7).

The 672 data points of telephone data 1 were broken down

into 16 sections with 42 data points per section. Because

of this breakdown no data points were discarded.

The unsectioned statistics printed can be compared with

the values printed by I-lIST (fi gure  1) and are in fact the

same . Prov iding that the estimates are normally distributed

(this can be checked wi th the normal plots , described later) .

conf idence intervals for each of the statistics (mean , med ian ,

va r i ance , standard deviation , coeffic ient of variation , skew-

ness and kurtosis) based on the t-statistic can be obtained

in the fo lowing manner

- 
s~ n

+ —  t(l½ a) (ml)

Here is the mean of the sectioned data statistics (ob-

tained from column one under summary for sectioned data);

‘~
‘n is the standard deviation of the sectioned data statis—

tic divided by the square root of the number of sections

(obtained from column four under summa ry for sectioned data);

m is the number sections chosen; and , t(1_½a) (m,..l) Is the

l-½ ci quan -tile of the t-dlstribution with rn—i degrees of free—

dom.
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C. INTER PRETATION OF RESULTS -

As an exam pl e, a confidence interval for the coefficient

of variation was obtained in the following manner . The mean

value of the coefficient of variation for the 16 sections is

4.1175 (column 1). The standard deviation divided by the

square root of 16 is .31128 (column 4). Using ~ = .05- ,

the t value with 15 degrees of freedom Is 2.131. Thus , the

95% confidence interval for the coeffici ent of variation for

telephone data 1 is 4.1175 ± (.31l28)(2.131) which is

[3.454, 4.781]. Confidenc e intervals on the six other sta-

tistics could be obtained in the same -fashion.

Again note that the use of the variance estimate from

the sectioned data to give confidence intervals is based on

the assumption that the estimates from the sections are in-

depend ent and normally distributed. The normality w ill de-

pend on the number of observations in each section , which

should be kept large to induce norma lity. This requirement

conflicts with the need to make the number of sections large

to reduce the var iability in the estimate of the variance of

the statistics.

Another problem is that if the number of observations in

each section is small , the estimates may be severely bias ed.

This effect can be seen in figure 7: note that all of the 16

estimates of skewness from the sections are smaller than the

estimate 7.1531 from the unsectioned data . 

~
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V. JA CKN IFE ROUTINE

A. DESCRIPTION

The fourth routine presented is the jacknife routine.

HISTJACK (jackn-I -fe routine) is another way of assessing the

variability in the estimates from sample data , and also of

reducing bias in estimates of the descriptive statistics.

The jacknife procedure , like the previous sectioning

method , is based on the assumption that an independent and

identically distributed random sample ~~~~~~~~~~ have

come from a population with an unknown distribution function

Fx (x) . If we divide the sample into r groups , with each

group con taining the same number of elements , we can o b t a i n

estimates 8 of the descriptive statistics , which we denote

generically as 0 , in the same manner as previously done

with the sectioning method. The difference here is that the

descriptive statistics are computed with the ~th group de-

leted j=l ,2,...,r . We then let be the result or

the descriptive statistic estimate computed with the ,~th sub-

group omitted , and 
~a11 

is the corresponding result or de-

scr iptive statistic estimated from the entire sample (no

group omitted). The jacknife pseudo — values are then computed

in the following way:

= ( r ) (
~~a i i ) — (r_1)(~ (J)) j  = l ,2,...,r
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Then we define the jacknifed estimator to be:

=

j 

The pseudo -values can be used to obtain variance estimates

fo r  
~~ , 

and to set approximate confidence limits , using

Student’ s t. The idea is that the pseudo — values will be ap-

proximately independent and possibly normally distributed.

The jacknifed estimato r 
~~ 

Is a sample average so we form

an estimate s~
2 of its variance given by the following re-

lationship (Miller , 1974): 
-

1 ,~~~ 
-

2 — 
‘~*j - ~~$ - r-l

s~ = s2ir

This procedure is particularly usefu l if the number n of

data points is small , bu t  it must be used with care . Note ,

t ha t  the  e s t ima tor 
~~,. 

is designed to eliminate a 1/n

bias term in the estimator ~ .

A complete description of how HISTJACK operates is con—

tam ed in the variable HISTJACKHOW. When the user types

HISTJACKHOW the following response is printed on the ter-

m inal . 



--—-- - - - -  -- —
a.’

HISTJA CKHOW

SYNTAX HISTJA CK -

HISTJACX ALLOWS YOU TO INTERACTI VELY JA CKN.rFE’ YOUR DA TA
AND ASSESS THE VARIABILITY IN EACH OF THE STATISTICA L
ESTIMATES BY USING THE SAMPLE DATA .

WHEN YOU TYPE HISTJA CX YOU WILL BE ASKED TO DESIGNATE THE
NUMBER OF GROUPS YOU DESIRE . HISTJA CK WILL TAKE THE
UNORDERED DATA AND DIVIDE THE DA TA INTO THE NUMBER OF
GROUPS YOU INDICA TE DISCARDING ANY DATA POINTS LEFT OVER .
FOR EXAMPLE . IF YOU HAVE 22 DATA POINTS AND YOU SELECT 7
GROUPS HISTJA CK WILL PLACE’ THE FIRST 3 DATA POINTS IN GROUP
1, THE SECOND 3 DATA POINTS IN GROUP 2 , AND SO ON UNTIL THE
LAST DATA POINT IS OMITTED . YOU WOULD NOW HA VE 7 GROUPS
WITH 3 DATA POINTS PER GROUP . IF YOU HAD ELECTED TO DO A
COMPLETE JA CKNIFE , THAT IS TYPED 22 , YOU WOULD NOW HAVE 22
GROUPS WITH 1 DATA POINT OMITTED PER GROUP .

HISTJACIC WOULD NOW PERFORM STATISTICAL COMPUTATIONS USING
THE JA CKNIFE PROCEDURE . THAT IS , BY OMITTING ONE ’ GROUP AT A
TIME. STARTING WITH THE FIRST GROUP. HISTJACK WOULD PRINT
THE FOLLOWING STA TISTICS : MEAN. MEDIAN, VARIANCE. STD 0EV ,
COEF VAR , SXEWNESS, KURTOSIS , MINIM UM AND MAXIMUM . IN
ADDITION. THE AB OVE STATISTICS WOULD BE PRINTED FOR THE
UZIGROUPE’D DATA TO ALLOW FOR COMPARISONS . (NOTE . THE COLUMNS
GIVE’ THE’ STA TISTIC ESTIMATED FROM ALL THE’ DA TA WITH ONE ’
GROUP MISSING . AND NOT THE PSEUDO-VALUES )

FINALLY , HISTJACK WILL PRINT ( 1)  THE JACKNIFE’ ESTIMA TE
( 2 )  THE SAMPLE VARIANCE OF THE’ PSEUDO -VALUES DERIVED IN THE
JI4CKNIFE ESTIMATE ’ ( 3 )  AND , THE ESTIMATED STD 0EV OF THE
JACKNIFE ’ ESTIMATE’ DIVIDED BY THE SQUARE ’ ROOT OF THE NUMBER
OP GROUPS .

AS A RESULT. HISTJA CX WILL GIVE YOU AN ESTIMATE OF THE ’
VARIANCE OF THE SAMPLE MEAN, MEDIAN, VARIANCE ’. STD DA ’V, COAT
VAR. SKEWNESS AND KURTOSIS USING THE SAMPLE VARIANCE OF THE
JACKNIFED DATA . WITH THIS RESULT. CONFIDENCE INTER VALS CAN
BE OBTAINED FOR EACH OF THE ABOVE STATISTICS , AGAIN ASSUMING
THAT THE’ PSEUDO-VALUES ARE APPROXIMATELY INDEPENDENT AND
NORMALLY DISTRIBUTED . HISTJA CX IS BEST SUITED FOR SMALL
SAMPLES .
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B. USAGE WITH TELEPHONE DATA 1 -

HISTJACK was now used on telephone data 1 to assess the

variability in the mean , median , variance , standard devia —

tion , coefficient of variation , skewness and kurtosis. When -

HISTJACK was typed the following responses were entered.

(see figure 8)

The 672 data points were broken down into 16 groups with

42 data points per group. Again , because of this breakdown

no data points were discarded .

The ungrouped statistics printed are again the same

value s that were printed by HIST (figure 1). Using the

jacknife method , confidence intervals for each of the statis-

tics (mean , median , variance, standard deviation , coefficient -

of variation , skewness and kurtosis) can be obtained in the

following manner ;

~ ± (s e) t(l~ ½a),(rsl) .

Here O~ is the jacknife estimate of the sample data (ob- -

tam ed from column one under summary for jacknifed data);

S .,, is the ,jackn-ife estimate of the standard deviation

divided by the square root of the number of groups (obtained

from co lum n four un der summar y for jacknifed data); r is

the number of groups chosen; and , t(1_½a) (r...1) is the

l —½ct quantile of the t-distrib ution with r-l degrees 0f free-

dom . The basis for these assertions about the confidence in-

tervals using the jacknifing technique is asymptotic and great

care must be taken in using them.
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C. INTE RPRETATION OF RESULTS

To com pare the confidence interval obtained for the co-

efficient of variation using the sectioning routine w ith

that obta ined using the jacknife routine - the following was

done. The jacknife estimate of the coefficient of varia tion

for the 16 groups is 4.5053 (column 1). The jacknife esti—

mate of the standard dev iation divided by the square root of

16 is .3894 . Using a = .05, the t value wi th 15 degrees

of freedom is 2.131. Thus , the 95% confidence interval for

the coefficient of variation for telephone data 1 is 4.5053

~ . 
(.3894) (2.131) which is [3.676 , 5.335]. Th is com pares

wi th the confidence interval of [3.454, 4.781] us ing the sec-

tion ing routine described in section IV. Likewise , confi-

dence intervals on the rema ining six statistic s could be ob-

ta ined -In a similar manner. Note that the values obtained

for the skewness coeffici ent from the sections are now not

evidently biased; of the 16 values , 7 have values below the

value 7.1531 for all the data .

0. USAGE WITH COST OVERRUN DATA

To demonstrate how the complete jacknife could be used

and why it is better to use when possible , the fo l lowing was

done . The 22 data points of the cost overrun -data were used

wi th the jacknife routine (HISTJACK) . When HISTJACK was

typed the data was entered in the variable YROVR and 22 was

typed as the number of groups. By typing 22 , w h i c h  i s  t he

same as the number of data points , a c o m p l e t e  , jacknife was

done .
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Looking at the output from the complete ,Jacknife (figure

9) ,  the cost overrun data can be studied. One can note that

by using the complete jacknife the mean , m e d i a n , and variance

of the jacknife estimate (column one under summary for jack-

nifed data) are the same value as the ungrouped mean , median

and varianc e. But , also note tha t the coefficient of var -Ia-

tion is less than zero which can happen when using the ja ck—
nife techniq ue.
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VI. EXPONENTIAL PLOTTIN G ROUTINE

A. DESCRIPTION

The fifth routine presented is an exponential plotting

routine. Routine - EXPONP is a way of plotting the data to

see if it ufits ia an exponent ial distribution , and also to

g ive some indica t ion of what alternative distributions could

be used if the exponen tial hypothesis is rejected .

A complete descr ipt ion of how EXPONP operates is con-

tained in the var iable EXPONPHOW . When the user types

EXPONPHOW the following response is printed on the terminal.

EXPONPHO W

SYNTAX EIPONP

EXPONP ORDERS THE DATA 1(1) AND COMPUTES
THE EMPIRICAL LOG SURVIVE’R FUNCTION FOR THE DATA .
THA T IS,

I I \ I  / I \x vs I I \ I  I i  I
/ \ ( I )  L._ I I \ Nf l I

THE ORDERED DATA IS PLOTTED AGAINST THE LOG SUR -
VI VER FUNCTION TO SEE IF THERE IS A LINEAR F I T .
E’IPONP ALSO ALLOWS YOU TO TITLE YOUR PLOT.

B. USAGE WITH TELEPHONE DATA 1

EXPONP was used with telephone data 1 to see if the

da ta plotted a-s a relative straight line . When EXPONP was

typed the following responses were en tered.
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£XPONP
EXPONP ORDERS THE DATA YOU ‘ rVE AN D  COP IP UTES T!iP
E~f P I R I C AL  LOG SURVI VA’R F U N C T I O N  F OR TH E DA TA .
A PLOT OF THE LOG SURVI VA’R FU N CTTON P OT? TILE’ DA TA
IS THE N P RI N TE D  TO SEE IF THERE rs A L TPIF A I? F T T .

IF  YOU WANT TO TI T L E  YOUR PLOT TYPE YOUR T Y T LE ’.
rr YOU DO NOT WANT A TI T LE  J u ST [ F IT  T~ E CA RRI A G E
RETURN .

TELEPHONE DATA 1

ENTER YOUR DA TA IN VECTOR F OR-Il
0:

TELDA Ti

Looking at f igure 1 0 (plot of telephone data 1 using EX—

PONP ), it was found that the data did not plot linearly from

the origin , but that the data did appear somewhat linear in

-the tail (5,000 to 90,000 range).

C. USAGE WITH RANDOM GENERATED EXPONENTIALLY DISTRIBUTED
SAMPLE W I TH MEAN SAME AS TELEPHONE DATA I

As a c o m p a r i s o n , EXPONP was used w ith an exponentially

generated random sam pl e with the same mean as telephone data

1 (figure 11). As expec ted , this plot is , w it h i n  l i m i t s  of

sample fluctuat ions , l inear from the origin and in fact , w h a t

telephone da ta 1 would have looked like if the data was truly

exponent ial. The quant izati on because of the coarseness 0-f

the APL type—ball is evident in this plot. The sampl e size

Is  672 , but not all these po ints can be plotted separately.
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V II . NORMAL PLOTTING ROUTINE

A. DESCRIPTION

The final routine presented is a normal plott ing routine.
-

l 

Routine NORMP is a way of plotting the data to see if It

uf its sl a normal distribution. In particul ar one m ight want

to look at estimates of descriptive statistics obtained from

sect ions and groups in routines HISTS and HISTJACK

A com plete description of how NORMP operates is con-

tained in the variable NORMPHOW . When the user types NORMP-

HOW the following response is printed on the terminal.

NORMPHOW -

SYNTAX Z1ORMP

NORUP ORDERS THE DATA X (I) AND COMPUTES THE
I N V E R S E  OF THE UNIT ZI ORI J AL C U If U LA T Z V~’ aZ~~TRIDU•
TIO lI . THAT IS ,

\ / r—2. / I \
Vs $ I —— - u I

/ \ (I) j . \ N+1 /

THE ORDERED DATA IS PLO TTED AGAINST TIlE INVE RSE OF
THE UNI T NO RMAL CUMULATI VE D I S T R I B U T I O N  TO SEE
IF THERE IS A LINEAR FIT. NORYP ALSO ALLOWS YOU
TO CONVIENTLY TITLE YOUR PLOT.
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B. USAGE WITH COST OVERRUN DATA

NORMP was used with the cost overrun data to see if

the data plotted as a relative straight line. When NORMP

was typed the following responses were entered.

NORMP
NOR~ P ORDE RS TH E ’ D A T A  YO(J GIVE A PP 7 OO”~’U’~~’S T~’E
TI/VERSE OP TIlE’ UP/IT P1O R ’~’AL cu-Il ur,ATrv ? D TS TRT~ U-
TION FOR TI!? DATA . A PLOT OF TI!? TVVP~RS~ OF THE ’
UP/ IT N ORMA L CLP I ULA TIVF D I S TR I N U T TO P I  VS THE ORDER-
ED DATA IS THEN PRIPJTEP TO SEP IF  THERE ’ IS A
LINEAR FIT.

I? YOU WANT TO T I T L E  YOUR PLOT 7Y’~P YO UR ~r TL~~.
IF YOU DO H OT WANT A T I T LE  J US T  Y T T  T~ P C4~ RIA- 7!
R? TURP/ .

COST OVERRUNS

ENTER YOUR D A T A  Il l VE CTOR FO P ’1
0:

ZROVR

Note that the cost overrun data was contained In the

var iable YROVR . Look ing at figure 12 (plot of cost over-

run da ta using NORMP ), i t was found that the data did in

fac t plot fairly linear through the range -14 to 26 (for-

mal tests are available; see W i l k & Gnanadesikan , 1968).

C. USAGE WITH NORMAL SAMPLE GENERATED WITH MEAN AND
VARIANCE THE SAME AS COST OVERRUN DATA

As a comparison , NORMP was used wi th a normal sample

with the same mean and variance as the cost overrun data

(figure 13). As expected , this plot Is very linear. But

aga i n , th is plot is not that much different from that of fig-

ure 12 , whIch gives credence to the fact that the cost over-

run data might in fac t be normally distributed .
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0. USAGE WTH COEFFICIENT OF VARIATION DATA OBTAINED
FROM USING SECTIONING ROUTINE

In order to check for normality In the sectioned esti-

mates obtained from using HISTS (sectioning routine) the

fol lowing was done. The 16 coeffIcient of var iat ion

va lues obtained from using HISTS wi th telephone data 1

(column 5, figure 7) were entered as a vector into NORMP

Figure 14 shows that the plot is marginally linear . This

demonstrates the need for formal tests to verif y normality

in the absence of a s t r ic t ly  l inear plot (Wilk & Gnanads ikan ,

1968).
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VIII. THE INDEPENDENCE AND MARKOV CHAIN
HVPOTHESES FOR THE TELEP1IONE DATA

• The telephone data used in the thesis (Lewis & Cox , 1966)

actually consists of binary bits transmi tted over telephone

l i n e s  and the info rmation that the bit transmitted at time I ,

I = 0,1 ,2,...- is in er ror  or not. This Information is

character ized by a sequence of binary—valued random variables

x(i) , i = 0,1 ,... where x(i)=l means that the bit trans-

mitted at time I is in error , while x(i)=O means that the

bit transm i tted at time zero is correctly transmitted.

In  t e lephone  data  1 there  are 672 ones and 1,105 ,476

zeros , and  a much more compact and equivalent representation

of the da ta is obtained via the sequence of random variables

y(j), j=l ,2,... where y(j) is one plus the number of cor-

rec tly transmitted bits between the ~~~ and  (~ _ 1 )St bi t error ,

with the convention that y(j)=1 if the errors occur on adja-

cent transmi tted bits , and y(l) is the time from 1=0 to the

first incorrectly transmitted bit. The y(j) are called the

ti mes -between—errors .

A null hypothesis for the error structure which could be

examined is that errors occur indepen Ontly at each bit with

a fixed probability , i.e.

P{x(i) 1 } = r r (1 )  i 0 ,l ,...

P{x(i)=O} = n (O) = 1— ,r (1) 1 0 ,l

_  H
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The y(j)’s then are Independent and geometrically dis-

t r i b u t e d , since 
-

P{y ( j ) l} = ~{j f  (j ..1) St error at time i; ~th a t
time 1+1)

= i r(1) 
-

P{ y ( j ) =2 }  = P{ if (j _ 1) St error at time i; ~th at
tIme 1+2)

= ir(l) [1—n (1)] = n (1)ir(O)

P{y(j)=k+l} = ~{jf (j..1)
St error at time j; ~th at

time i+l+k}

= ir (l )fl— -rr (l)]~ =

No te tha t , using the geometric series summation formula ,

k~ l 
P{y(j)=k} = 1 - (1—ir (l)) 

= 1

E[y(j)J =E  kP{y(j)=k} = l— ~ (o) = ____

Now assume that the Markov structure of the zero ’s and

ones is described by the transition matrix

P ( O ,O) P ( O ,l) P+ (1—p )i~(l) (l—p) ’n (O)
=

P ( l  ,O) P ( l  ,l ) (l—p) n (1 ) p+ (l—p )i-r (O)

Here P ( m ,n) = P{x(l+l)=n x(i)=m} , and we have para-

me terized the chain in terms of the stationary probability

of a on e or zero , and a correlation parameter O<p<l . Note

that there are only two degrees of freedom in the stochastic

60 
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matrix , s i n c e  rows m u s t  sum to 1, and there Is only one de-

gree of freedom if the stat ionary probabil i ty w(O ) 1-rr( l )

is fixed. Note that the stationary probabilities in the 2—

state case are given by

‘0’ — P ( l ,O) 1’ P(0 . 1)
~~‘ ‘ — 

2-P(O ,O)-P(l ,1) / 2 — P ( O ,O)— P( 1JJ

We now define the runs of ones or zeros i.e. for 2=0 or

2=1 , l e t

T2 
= inf{n>1 : x(i+n) &}—l , -

the length of a run of 9’ s,s tar ti ng a f t e r  t ime  i , where  the

l eng th  can be 0,1 ,2,...

For example if x(i+l)=l , then the length of runs of

zeros start ing after time I is zero , the length of runs of

ones is at least one long. Note that it is possible to talk

of a cond itional runs structure , i.e. the length of a run of -

ones wh ich is given to start after time i . The run length

is then at least one long .

Now the probabil ity of a run T2 having length greater

than k is , us ing the Markov property ,

P{T2>k}= P{x(i +l )=x(i+2)= ...x(i+k)=2}=,T (2)[P(&,2)]~~ ’

k=l ,...
and P{T2 =O } 

= 1-ii (9.) .

Thus , the run lengths are geometrically distributed and

EET(2)] = 
k~~ 

P{T2~k} 
= 

l-P~2~LT 
= 

(l- p )Ei-~ (L)J

6].
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N o t e  that pa0 gives the independence case , and while

the  r u n s  of ones or zeros are geometrically distributed for

both the independence or Markov dependent model , the mean

run length is always longer for the Markov dependence , s i n c e

_____________  

_7T(2.) 0 1(l- p )[l—tr(L )J ~- [ l - r r ( L ) )  
-

- Thus , we could use the distributional properties of the

runs to (1) check tha t either hypothesis is tenable or (2)

i f so , compare the estimated run lengths with the mean length

~(2)/[l-~ (2)] predicted by the independence assumption. If

the run lengths are not geome tric , than another model must be

postulated.

Note tha t when this mean time-between-errors is large as

it is for telephone data 1 (figure 1; E[y(j)j= 1 ,548) the

discre teness of the time scale can be ignored and the geometric

distribution is indistinguishable from i t s  c o n t i n u o u s  t ime

analog, the exponential distribution.

That is approximation of the geometric distribution by

an exponential distribution is valid can be seen from the

fact that there are 672 errors (x(i)1 s equal to one) in

1 ,106 ,148 transmitted bits , so that an estimate of ir (1)

which is the maximum likelihood estimate under the independence

hyp o thes i s , is  -

~( l )  = 
# x ( i ) 1 s = 1 

= 
# x(i )1 s = 1

total # bits transmitted # x(i)1 s=l +#x(i )I s=0
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In the present data

~( 1 )  = 
672 

= .0006075
1 ,106 ,148

Now this geometr ic hypothesis will be examined , but  i t

is clear from figure 1 that the hypothesis is not true. The

distribution is in fact highly skewed and has been examined

by Lew is & Cox , 1966.

An alternative model to independent bit errors is that

the dependence struc ture is Markovian. One could examine

th is hypothesis with time— series methods but a method which

is adaptable for use with the histogram routin e and which ex-

amines bo th the independence and Markov assumptions is to

look at runs of ones and zeros in the x(i). Under both hypo-

thesis these runs have geome trically distributed lengths.

The alternating condit ional runs of ones for telephone

data 1 are shown in figure 15 and for runs of zeros are shown

in figure 16. Also , HISTLIST was used on the condit ional

runs and figure 17 shows the runs of ones and figure 18 shows

the runs of zero .

To test the hypothesis that the runs of ones in telephone

data 1 is geometrically distributed the following was done.

Using figures 15 and 17 the following data was obtained:

MEAN = 1.235294 # of runs = 1 = 444
V A R I A N C E  = .346008 # of runs = 2 = 81

P # of runs  = 3 = 15
# of runs  = 4 = 1
# of runs = 5 = 2
# o f r u n s > 6 =  1

63



— - 

-~~—, 
-

~~~~~

FIGURE 15
0 0 0 0 0 0 0
0 0 0 0 00 0
Cu a - C O  C’ C ’ t~ C’

P 0 0 0 0 0 0 0
0 00 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 00 0 0 0
0 0 0 0 0 0 0
VI PC PP

VI

*0*

0*0 .

* a - C O 0 0 ¼
0-
N
I.
a a a a a a
a * ‘a’a’a’a’a~~I-. 0.ab0.a0.0.

CO O C V IO V IC I .
I.~ C I P ’a ‘. C

0-

Cl> 0 0 0. . 0 0
5-. 1 00 01 0
0
C’0.
0-
0. C C” a C ’ I C UI

Cl S

‘a
• c
5 0
‘a a

C’
¼

N
0.
Cu * 0 - I C C
a
0- 0.0.4.4-

5 1 1 5 0 0 .0 . 0 .
0. 0 .* Z IIC OI 0.

Cu

¼
0 0 0 0 0 0

— ‘a 1 1 1 1 0 0
4.0.0.0.00.

‘a 0 0 ’ a N C O
5- . C ’ g n C ’ O C
‘a C O N S C l Q O

* C CC — C C C  0

Cu P C C’ ( P . IP I O C  -
a p
0-
0. Q I  C
C I P
Cu . I S
I.> * 0-
Cu O P  I 0. 0.0. ‘a
5-. a p >0.04. 0.

I I 0- 0 0.
• • ‘a ‘00- 0.0-

* 1  C 0 0. N 0.00-CO
Cu C C P 0. 0-0.0.0*0-

5 4) C. ‘ a N 0- 4 . ’ a~~-
a- •—
‘a o a

(p. • 0
‘0. C C P  5 0 0

I S 0. 0 0 0 00 30
CO I 5 5’ 0 0 0 0 0 30 0
o • • 0
a . a .  S C 5 0 0 0 0 C .
0. I S C 5 ) 0 0 0 0 4 ) 1

p S C 5 1 4 0 0 0 0 4 ) 4 1
• C 0 ‘a 0 0 0 0 4 ) C I

Cl~ VI P 5 5  C • 4, C ) 0 0 0 0’ a C
Cal u . - UI 0- N C 30  C * UI

—p I S .  N 0
0- I  a-
* * 1  5 • 5 5 5 5 5 5  II 0-
Cc • p  ... 5 S. S.  a
~~
I ~. ~~~~~~~~~~~* * ~~~~ 0. * *~~~* 0 .* * * * *0 .* *’
(4 5 1  C S SU S • . . C SC S SS S U S SS S I S C C . . U SC S S S I S •S  0 0- W ’a 0

S I  5 C 5 S U S5 5 5 5 . 5 5 5 5 5 5 5 5 5 5 5 5 S 5 5 5 C5 5 S U 5 5 * C 5  • Ip 1.> *00- CIa -
~~ 5 1  5 5 5 5 5 * 5 5 5 5 5 5 5 5 5S 4 5 5 5 5 5 5 5 5 5 5S S 5 S 5 5 1 SS 5  0 ~~ ‘a

C ‘a ‘a
CC I.) CI S ‘a ID N C’ 0) 0 .0 I, ~~~~~~~~~~~~~~O P. 4) ‘a • Cl .1 0 0 -1 0

- . . . • . . . 4. (PC C O C u 0 . N N h a’a
0 3 0 0 0 ‘3 0 0 0 0 0- 0-

_________ ____ 

64 

______ 

J

- - —---——---- - --

~

-- - - -~~ ----- --~~ -- - - ~~~~~~~~ -~~~~~~ ---- -—-- ~~~----~ 



- - — -- — - - -- -VI- 
-
~~~~~

F I GURE 16
0

o 0 0 0U I P I C I S
4 e ~~ 0C  0 0 0 0

.. C
— P  5 5  C 0 0 0 0 0 0 0

p 5 5  CII 0 0 0 0 0 0 0
• 4. 0 0 0 0 0 0 C C

U I .  * S 0 0 0 0V I I O CI
I I - 0 0 0 05 ) 5 5 )
a C UI 0 0 0 5 .’ a ’ a
C • - N

UI I It UI UI 0 N UI P C’ -

p S C

P 5 UI

• 
- C

( 1 4 1  ~ ‘

5. 00511

• •—. • 0-4,0-

~~~a 0 0- 0p N N a-N
a UI 0 .0 . 0
4 4

I D a  CI

a P * tpC tPa rc I.I ¼
p 0- .0.0.0.0.0
4. — .C N l.p N (Pp N

P I P  C CI. 5- 04.4-00
p I It 0. 0* 0 0*
I 5 .4 0. 0.000000.
• + ‘- 0.0.0.0. 0.0.0.

S N 0-
I S P 5- pp
P 5 ‘a CO ‘a O ’a O V I C C c
• C — C’ ‘, .~ .1 N ‘aN Cl 14~

C :  0- 0. • - - - 0.

— I  S

P : P. I.~ N N 0 .4CC PP

* • — ‘a 5— — U I  0 0 VI UI

0 ’  I C’ 0 4 . C ’ O C O I . JCPC
I CII 0.

• I
* • 0-

0 I 0 P1’a t IN  UIp I P
I I 5 4
4 ._ C I I  ‘a

S IN I 5 S 0- CC — 4) ‘a N UI
S I ... 5-.
‘a I C UI

4 4. . Cu
C I I  C 0 C>

I S P
C 0 0. a-t I

II I 0.
N I  S C Cu

Cu C 0 0- 0 . 0 . 4 . 5 - -
14 I C — N Cl S Cc 0.4. 0.: — 

0.

tp~ I S —
.0 4
C. ~~~~p ‘a

UI I C Nfl C fl5 N
‘a P 0 0 0 0 00

‘a C0 C
5-. P Cl P.511.000

‘a P - 01 1 1 .0 0 00
0- P CM S C I 0 S C

• 1 S  4)I t ClCI Ifl

4. 3 I I UI 00  CM 05)  CI
a • I 1.
0. I
0. 4.
OP U I .  N
Cu P -

I S -
C I  r- 0. 0-0. ‘a

I ‘a 0-0.00. Cc
0. P 0- 0( 1 0 . 0 . 0-
0. • 0 00- (P30-
0. * 1  r. 0. ‘.. .00- I

a S - Cu 0-0-0.000.
0. 5 ‘a 0- 05-0.4.0-
0- * * C ’  CO
a- S P  5 CII
(4 P 5 5’

4. 4_ 4. CIa
0- P~~~I 

sP C
P p 513 511 .4 CI .45 .4 0

CO I N 51. 0 0 0 00 00
a — ‘a ‘a a- a- oa -a -a - 0
0. N p  C’ ID 000*0 511 0
0- p 54 CC P . 00 0 4 1  C’ UI

I 5 5’ N C ‘a Cl4) S 41
C + 4 — 0 51. 55) N In

CO C I  * * * * * * ** * * * * * * * * * * * * * * * * *0 .* ** * 0 .* *0 .* 0 .*  ID • (Pp . . IOO01CP CII S

a- I 5 5 P PP C> ~‘ S C 0CM 0 VI
N I s C  0 0
CC C * — N a- sIN 41 11) 5’ (P) ‘a

* S I  C .  S II 0.
a- . 4 1  s 5  l4
0. I S S  0 Cu

~~ 4  Cl. 5-. 0 0
511 C I  I 5 S 5 S S SC S S S S I SS S S 5 S S S S S SC 5 S I S S CS S S S IS  0 0-
Cu N P  5 5 5  5 5 5 5 .C 5 C 5 S C SS S S S S S S S 5 C S SS S S S S S 5 C S S  p N .3 0 0 0-C O O
lIp • 0 0. ‘0I 0. 0000

‘0 N N C C’ 0 0 C’ 0 0 .0 Cl. 0N0 .0 .0-0.~~O P. 10 ‘a 5’ III CM .-~ UI o -3 0 ‘a 0 . N 0 . 0 - 0 . 0-
• . . . . . • . Cc a- C u 4 . 0 . 4, ’ - . C c ’ a

o o 0 C o o 0 ~ 0 0 0- 0- 0 - 0 .5 - 0 . 0 - 0 .

65 

~~~~-~~~~~~-—- -~~~~~~~~~~~~—- - -~~~~— -~~~~~~~~~ - ~~~~~~~~~ --  ---~~~~~~~~~~ .-- - -~ - - ~~~~~~~ - -—--~~~~~~~~~~~~~~~~~~~ - -



_____ — 
-- 

~~~~~
- -

~ 

~~~~~~~~ .—--— ‘1

FIGURE 17
ID 01 5 11. 5’ N

I. *554000
0. 0540000
C’
0- 000000

‘a(I>
C.

S
S
S -
S
S

S
S

S

S

S

C
S

5 5
C S

to •S
Cc • 5

0- 4 . .  .4. 4 . 0 .  0- P . 5 1
4.0-0. 0.0- *0 0 5 C
0. 0. 4’a -s~ (4
CO0.0. I.- - 40. 0.
4.0.0. —- 0 .  4 . 4 .  0. 5 P ’ a U I C M
0-0 5.0. 4.0 0-
0-0.0- ‘a 0. 0 - 5 ’
0- 0.0. Lii 0. 0.
0.05-- ‘a 5-.
0- 0- 0. 4. 4.
4.0. 0- 0 0.5- 0-
0.0. 0.0. 5-0.

4.5. 5- ft 0-
0. 0 5- Cc
5- 0-N 0. 0-0 0- 5.. 0 . 0 .  0.
4.0 1, 1.. 0.
0. ‘0 4-0- 0- a

•C, 0 - C u
0-0-0 00.
4.0.0. ‘aS. 4.0. 000000
0 - C O  5- 0 .  0- 0 0 0 0 0 0
0-C O  ‘aCu CC. 000000
0.00- 00 ‘a 000000
0 0 - 0 .  ‘a 5, 0 0 0 0 0 0

0-0- 0. 0-0. - ‘0 000000
-30 -0 .  0.0 0-
00. 0.-> 0.

4,4- 5-0-0 0-
0. 4. 4. 0.0. 4.
(405- 5-, 0- 0.
0.5.0. 4. 04.0 CC
‘a t’> 1.3’a 0-N C. 0-0 0-  4- 0- 4, 0-

0. NI-. .5-. 0-
0 0- .  Naa-CO ‘a 0- .0
0.0-0 0.

4 - 5 - 0 0 -  0- 0- 0C O 0 0 0  5,5- (Pp N 0-
0- 4. 0. 0. 0 0- 0 - 0 .  5 0  Ca 4-0- 0- (4 0.

5-0. 0- ~~ 0 0 0. 1 4 ’ a 4 ) U I 5 1 45
0- 0 0-  a- 0- ~~ 5-5. 0. 0-
4.5-OC> 0 0 . 0 -  0. * C ’ a ’ f l ’ a ’ a0 . 0 . 0 0-  0. • (P. 0 - 0 -  0 51.
N 0.0.0 0. 0.4.0. 0- .4
4 ’  0 .0 . 0-  0 -0 0 .  ‘a
5-01.> 5.0.0. 0. ( P . 0 4 ,  CO N
0.5-0 Cl, 0. 11 0 0-

4.0.4. 0- 4 . ’ a O • 0. 513
0.0-4~~~ ‘a I . pO P 0 .~~~ 0- CO

66

___________



- 
- 

-
~~z~~ _ - - _ _ _ _,~~~~~~~~ - ~~~~~_ -

- - FIGURE 18A
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If the runs of ones are geometric then prob{x ( i ) =k }  =

(1_ ~ )~ k_ 1 k=1 ,2 ,... . Thus , this is the “geometric plus

one ” distr ibution.

= E[X] = 1
(l — p)

a 2 = VAR [X]  = 
1 

2(1 — p)

C ( X )  = 
VAR [X ] ½ ~½

E [X]

To find p set E[X] = 1.235294 = 1/(1-p)

p = .1904761

Therefore , if the data is “geometric plus one ” then

• EXPECTED VAR [X] = .1 904761/(.8095329)2

= .2906572

Thus , the expec ted variance is .2906572 and the observed var-

iance from HIST is .3460080 . A l s o , the expected coeffic ient

of var i ance is

EXPECTED C(X) = (.1904761)½ = .4364356

And , the observed coef ficient of variation is .4761817

Therefore , at th is point there seems to be a fairly close

agreement between the runs of one and a “g eomet r i c  p l u s  one ”

distribution with p = .1904761 .

As further proof a Chi-sq uare test for goodness of fit

was run on the runs . By using the formula

prob CX = x } = (l—p)p ~~
1 for x=1 ,2,3,4,5,...

- - - __________ ~~~
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1-

PROBABILITY EXPECTED OBSERVED
P (X = l )  = .8095239 440.38 444
P(x=2 )  = .1541949 83.88 81
P(X=3)  = .0293704 15.98 15
P X= 4) = .0055943 3.04 

~ ‘~ 
1

P X= 5) = .0010655 .58 ~~~~~~~~ 2
P X> 6) = .0002510 .14 1

Note , to use Chi—square not more than 20% of t he  c e l l s

should have expected frequencies less than 5 and no cell

should have an expected frequency less than one. Therefore ,

the above frequencies must be combined into 3 cel ls .

(o s . - ex . )
x E 

1 1 
= .1562799

1=1 ex 1

And , 
~~~~05,2 

= 5.99 • Thus , the null hypothesis that the

runs  of one are “geome tric plus one ” wi th p = .1904761 can

not be rejected.

A similar procedure was done with the runs of greater

than one. By using figure 15 the following information can

be obta ined:

MEAN = 1911.27
VARIANCE = 59 ,064,970
COEF .VAR. = 4.021082

And , by using the same method as prev iously done and solving

for p one gets p = .9994767 .

EXPECTED VAR[X] = .9994767/(.0005233)2 = 3,651 ,213

Th is expected variance differs greatly from the observed

var iance . A l s o , the expec ted coefficient of variation is

7]. 



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - - -~~~~~~~~~~~~~~~~~~~~~~~ -:~

- computed to be

EXPECTED C(X) = (.9994767)½ = .9997383

This compares with the observed coefficient of variation of
- 

- 4 .021082 . Because of the gross departures of the varianc e

- 
and the coeff icient of variat ion in the geometric hypothesis ,

one can conclude that the runs of length greater than 1 are

not geometrically distributed. -

I
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IX . DOCUMENTATION ON ROUTINES

A. LOCATION IN APL LIBRARY

The descript ions and routines that have been presented

are all ava i lab le  in the APL workspace library 2 DATALFNS

Providing the user Is properly logged on the terminal and in

the APL mode , all that is necessary is to type )LOAD 2

DATALFNS . If the user then types DESCRIBE , a short descrip-

tion of the six routines presented and instructions on how

to obtain the detailed informat ion that is available in each

of the “ HOW ” var iables would be printed.

B. WOR KSPACE LOADING PROCEDURES

Each of the routines was designed to stand alone . That

is , i f  the user desires j ust to use HIST , a l l  tha t is neces-

sary is to type )COPY 2 DATALFNS HISTGRP into a clear work-

space. HISTGRP conta ins the principal routine HIST and

only the add itional routines necessary for HIST to operate.

Thus , the user does no t clutter his workspace with any un-

needed functions. It is this group structure that maintains

the orderliness of the workspace . And , the a b i l i t y  to copy

a particular ~rou p I n to a c l ear wor kspace p rov id es mor e spac e
for data and executions of the funct ions .

The following is the group structure in librar y 2

DA I ALFNS
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P R I N C I P A L  OTHER NE CE SSARY
GROUP ROUTINE ROUTINE S VARIABLE S

H I STGRP H I ST APLNAME I APLOT ,AUTOS ,
CMS ,DFT ,ECDF ,EC ODE ,
EFT ,OF ,OUT ,WRITE

H I S T LISTGRP H I STLIST APLNAME ,CMS ,ECODE ,
- DFT ,OF ,OUT ,WR I TE

H I STSGRP H I STS DFT ,EFT
H ISTJA CK GRP HI STJA CK DFT ,EFT ,TOT
EXP O NP GRP • EXPONP AND ,AUTO SCALE , BS

I N I T I A L ,MPLOT ,MSGS ,
VS ,MULTI PLOT , SEThAP ,
T I CMARK

N O RMPGRP NORMP AND ,AUTOSCALE , BS
I N I T I A L ,MPLOT ,MSGS ,
VS ,MULT I PL O T ,SETAAP ,
T I CMARK

DESCGRP (Descri ptive group) DESCRIBE ,H I STHOW
HI STH O W ,HISTLIST—
HOW ,HISTJACKHOW ,
E XPO N PHOW ,NORMPHOW

VAR IGRP (Variable group) TELDAT1 ,TELDAT2 ,
YR O VR

C. ROUTINE LISTING

The above  mentioned routines were either created by the -

au thor , adapted from existing fortran routine HISTG/F , or

borrowed from the curren t APL library to supplement the

au thor created routines.
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1. Author Created Routines

H I S T L I S T , HISTS , HISTJAC K , EXPO N P , NORMP , APLOT ,
AUTOS , OUT , TOT

2. Adapted from Fortran Library Routin e HISTG/F
- HIST , ECDF

3. Borrowed Routines to Supplement Author CreatedRou t i nes

AND , A P L N A M E , AUTOS CALE , CMS , OFT , ECODE , EFT , -

I N I T I A L , MPLOT , MSGS , MULT IPLOT , NDTRI , OF, SEThAP , T I CMARK ,
VS , W R I T E
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X. COMPUTER LISTING OF ALL ROUTINES
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