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Figure 1. Cululat1ve frequency curve as plotted by the program. 
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Figure 2. Cumulative frequency gradient curve as plotted by the program. 
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SUMMARY 

A computer program has been developed to plot cumulative frequency 
curves for untrans!ormed or logarithmically transformed data against a 
probability Bcale designed such that data vith respectively normal or 
lognormal distributions appear as straight line plots. A cumulative 
frequency gradient curve is also plotted, vhich haa similar appearance and 
significance to a histogram but avoids aome of the problems associated 
with arbitrary choice of class intervals. 
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1. CtnroLATIVE FREQUENCY CURvES 

The principal advantage of plotting cumulative frequency curves 
on probability paper, over the more conventional use of histograms, is that one 
may immediately identify a distribution by inspection a6 normal (or lognormal) 
or otherwise (Tennant & White, 1959). Though not theoretically correct 
(Jizba, 1959; Krumbein & Graybill, 1965), normal and lognormal distributions 
~er,y often approximate closely the true distributions (Shay, 1961) and are 
empirically useful. 

Manual plotting of cumulative frequency curves requires the use of 
' probability paper', in which one scale is linear or logarithmic and the 
other scale is derived from the normal distribution function; i.e. values 
cl08e to the median plot closer together than those at the extremities of 
the distribution, and so compensate for the greater density of values close 
to the median. 

In the computer program, the co-ordinate on the normal-distribution 
axis must be calculated. A subprogram ERr i8 available through the CSIRO 
SRLIST (Sub-Routine ~) from which the normal distribution function may 
be computed via the entry point PROENORM. Hovever, as this gives a value of 
the probability of values occurring below & known co-ordinate, it is the 
inverse of what \lie require. A function subprogram, XINVNDF, has been 
written to obtain an approximate value of the co-ordinate from a given 
probability level, uaing a I half-difference I method, vhich converges to eeven­
figure accuracy within about 20 iterations. 

The program sorts the data values for eaoh variable into 
ascending order, and each value is plotted according to its position in the 
list (the empirical probability of values in the population ooourring below 
the given value) - the probability co-ord1na~e is given by the relation: 
y = XINVIIllF {i/n+1 l. for the ith sample of 11 samples. 

Figure 1 illustrates the form of the plotted cumulative frequency 
curve, using CaO data from a suite of pelitio sedimentary rocks. 

2. CUMULATIVE FHE9.1JElICY GRADIEIIT CURVES 

The cumulative frequency curve is, ~ definition, the integral of 
the probability density function, of \IIbicb the most commonly used form is 
the histogram. The histogram, bovever, is merely an approximation to the 
actual function, and partioularly with small numbers of samples (less than 
~O or 40), the cboice of clasa intervals and claBa limits critically affects 
both the appearance of the graph and the chi-square derived from it. In 
many studies, cumulative frequency ourves have been derived from histograms, 
and are defined by rev points . The computer program now available, however, 
plots ever)" point on the cumulative curve, and it would 8eem logical to 
attempt conatruotloa of a more meaningful thistograml by the reverse prooess: 
rather than integrating from the density curve, we differentiate from the 
cumulative curve. In more precise terms, in fact, we plot the gradient of 
the cumulative frequencT curve, oalculated by' 
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g = (k-1 / (n(Vi+k_l-Vi) ' where n is the number of samples, Vi 

and V
i

+k_1 are t he ith and (i+k-l)th values, g is the abscissa of the itb 

plotted point, and k is a positive integer. The ith point is plotted at an x 
co-ordinate of: 

To obtain the most accurate value of the gradient, a value of 1 
must be used for k, resulting in n-1 plotted points. Random clustering of 
data values caused both by sampling error and by 'stepping' effects in 
analytical data I results in graphs that are very s piky (Figure 2), but 
smoothing may be effected by averaging the gradient OVer a number of points. 
The choice of k viII, of course, depend OD several factors, such a8 analytical 
precision, the extent of local clustering, and the degree of smoothing 
required (k-n-2 would glye a rather flat straight line joinll18 t ..... o points 
near the mean). For general purposes, k=n/ 10 would seem a reasonable value 
to adopt, giving a rather 8mooth graph with 9n/10 plotted pOints , as opposed 
to the conventional 10 to 20 classes in a histogram. 

3. PROGRAM OPERATION 

Data may be supplied in any format, with one restriction: data 
values for each sample must be preceded by an identification field of two 
words in the format (AB,Al) - i .e. 9 alphanumeric oharacters, required for an 
B-character registered number and a 1-charaoter fraction code. Data may be 
supplied for up to 40 variables and 400 samples, though these limits are 
arbitrary and may be changed simply by replacing the DIMENSION card. The 
product of NY (number of variables) and NS (number of samples), however, 
must not exceed about 21 000. 

The data cards are preceded by 3 data control cards, the first 
defines NY and NS for the data set in queetio~f the second defines the input 
format of data cards; the third give details of the first variable to be 
plotted. The data lIl8.Y' be followed by any number of cards of type 3, for 
the same or different variables. 

Deck structure 

The complete deck oonsists of the program deck 10 FORTRAN or 
binary cards, vith associated system control cards, followed by the data 
control cards and data deck. The last card in the deck is an 'end of document' 
card to terminate running of the job. 

FORTRAN program deck 

1. Job card punohed from col.1. *JOBt chargecode t CUMUPLOTt time limit 

2. Equip card punched from col.1. *EQUIP, 1=PL, 2-PL. 

Fortran card (or Kwiktran card on the CSIRO oomputer) punched from col.1. 
*FTN,XtL (or *ITN,X,L) 

Program deck in FORTRAN, listed below. 
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5. Scope card, punched from col. 10 SCOPE 

6. Load card, punched from col.l *LOAD 

1. Run card, punched from col.1 -RUN, time, maximum no. of linea of print. 

Binary program deck 

1. Job card (as above) 

2. Equip card (as above) 

3. Binary program deck 

4. Run card (as above) 

Data deck to follow immediately either the FORTRAN or Binary program deck. 

Card (a) 

Card (b) 

Columns 1-3, .right justified. 

4-6, right justified. 

NY, number of variables. 

NS, number of samples. 

Variable format oard. FORTRAN format definition, enclosed in 
brackets_ The first two words must be a 9-cbaracter identification 
field in AS,Al format. 

Card (0) Columns 1-3, right justified. Index number of variable to be 
considered. 

4-6, -1 1f logarithmio transformation required, +1 if not. 

7-14 Name of the variable (alphanumeric) 

15-24 Estimated minimum value of the variable (must be 
positive if logarithmic transformation is requested) 

2 5-~4 Estimated maximum value of the variable. 

(d) Data cards in the specified format, for NS samples. 

If plots are r equired for further variables or for the same variable with 
different values inserted in oard type (0), any number of repetitions of 
card (c) may follow the data caxds. 

End-of-job card. Punch from col. 1. *EOD 

Output 

A Bet of plots of cumulative frequency curves is obtained on unit 1, 
while a set of cumulative frequency gradient curveS is obtained on plotter 
unit 2. The Bcalee are annotated on the former (if the data are logarithmically 
transformed, the logarithm value is plotted); on the latter the horizontal 
scales are the same, while the vertical scale is simply a proportional 
linear Bcale with no meaningful unite. Output on the lineprinter gives the 
mlntmum, median, and maximum tor each plotted variable. 
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APPENDIX: Listing of program ClIMCUHVE 

PROGHA M CUMCURVE 
UIMENSION IO(2),V(40,400),FMT(10),WORDS{SI 
DIHENSION YY(400) 

I I LOHMO N K 
I ----. ------- - -on T1<A---icwWTTouRTTO 0"-' .;-3'-2",cnrCmw L A f 1 VEt REa 0 EN C Y--,.CUITR"VmEo-' f'"'O'"'Rr--r----------

READ 10, NUfHI , NtlMS 

I . _-_-_-_-_-_-~~_' __ -iR:.,E;.:A"Du,lr.°u,j;jKT' TL~OG~U,,-r,,' Il"IT":mmlimTI1r----- ----- ---'-'=--'- -.-- -­A"W1S:NU~lS 
IF (LOGONIT, ~ Q.O' LOGUNlt~60 

I ' 
I· 

____ I F' I rIUMSI2. EO. ~NlIMS/2. O"I-=3-",.::A _____ , 
- - :5 MED=l S GO TO 5 -

<1 I'IED:O 
---- -,-,;N oNUMSI2 

READ 20,fMT 
READ 10,INDVAL,LOG,wORPSC5JIXMJN,xHAX,K 

10 fORMAT 1213,A8,2fl0,16) 
20 fORHA T (lOA81 

I ' _____ ~P<~P~R~I~N~T~27'f'uN~UM~S~,'~'U~M~V"nl~N~Drv7A7"~,r.W~O~R;D7S~I~5~ITm~~~~~~~RT~r - 25 fORHA"!' (lH1,*OATl READ fOR-i13,. Slf1PLES,rROA ,DETERM -INi'Trows-Or. , 
113,. VA~IA~LES.I· VARIAB~E , NO,.,'3,lH"AB,.USEO FOR fHlS ANA~YSIS. 
21 

I , UO 30 J·l,NUMS 
READ FRT, ID,( VfJ ,I),JclI,NUHV) 

30 PRI NT 35.ID,IVIJ,II,J=1,NUHV1 

I ' _________ ~~3r5~f~OnR;M,A~Tv!i1TRNrr,~A6ir'A~3r'r1_5_f_,_._2_1_(_1_3_X_'_1_5_1 _'_,4 __ " __________________________ ___ 31 DO 311 l=l,N UMS 
311 TVtJ'.YtI~DvAL,I' 

I 
CAL" SINGSORT (VY,NUMS) 

------;ITr-'-T(""~EirD:-. Eo,Q;-=;, ir 'n 3r;2r.,,;3r,3r=---------.---------
32 AMF.YV( HN ).YYCM N.l) 

A~·O,5.A M S GO TO 34 

I '. __________ ~3f.3~A~~~.~V~Y~I~M~N+I--..... ~~~~~~-------------------------------------- 34 "RI NT 341, VV(ll,AM,YYINUAsr 
I 341 fORMATC. MIN.,rl0,.* HEOIAN"F1Q,4. MAX.FiO,.} 
I CA~L pLO T fl. ,I, ,2,lJ 

I ;,_~ ________ , ____ ~CTAr"r"~P~"nO~Tr,(r.-~1~,~,,-~8~·~'T1T'~1~1-------------------------------------------
- CALL PLOT (0,,5,,3,1) 

CALL ~LOT CO,,~5,,4,1' 
CALL PloT (8.,~5t,4,1) 
DO J7 1'1,11 
F • I .. 6 S E .--o;r..-r---

r Q.PR08NORHIEI'100,0 --------, I: ' 36 ;~~~~;(~~:~~,Ia) u 
----------~~~C~AITCTL~p~C~O~T~lko~,~,r~,~3r,~lr',--------------------------------------------

I
', CALL P~OT (~O,2,F",4,1' 
--------------iCiAtL P~Of (.ltO,F~O,1,3,1) 

• 37 CA~L TEXT(IQ,5.2,11 
------'-"1PoiRMI .. NnT-'-'377"'5-o,.:,;W·irORIrDirS<-«(-o't')r.,>IX('IMnI1lNr.,~X:I1MClA1\~---'------------"---.---

I ',' 375 FOHM.T (l HO,AS,. VALUES fRaM.,~10t5t- TO-,Fl0," 
If C~OGJ 40,40.45 

I 40 XLO= ALOG10lXMINI 

I 
I 
I 

405 FaRHAt (. ~OG TRANSFORMEO OA'A - COG X FRO ~i FI0,'" Tow,Fl0,5) 
42 DO 41 l;l,NUMS 

Jr ("(I',LEla.O' ffCI'CXHIN 
441 YYIII • (A"OG10IY'III)-XLOI.e,0/IXMI-XLOI 

~--~-~~,---------41 CONTI NUE 
GO TO 50 
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4~ XL,U= XM JN 
X ~ ll = l(MAX ' 
ll~ 46 J =1 ,NUMS 

46 YV(I)=(YY(I)-X L O).~.O/CX"I-XLO) 
5 0 DO 5~ 1=1,5 -

f"al -l 

05/0'/72 

I 
1 -----.- - - -- QlII XLO ~ r*o:,,·q:XLO)/4.0 

E"J COur: (7,51,101 U 

- --_ .. _--_ .. _ . ... _ .. . 

1 
1 
1 

" 1 
I : 
I: 
I: 

; 

I; 

------

51 FOHMATO"7 1 2) 
CALL PLOT (F.2,,·~.,3,1) 

UO 60 I=l, NUHS 
~!=AI 
Api 
AIQI/A NUHS 
X.VYfJ) 
V.XI NVNUF{O .5*(Bl+AJ» I 0,7 
CALL PLOT CX,Y.3,l) 

60 CALL TEXT C1H'.o,l,l) 
----CALL PLOT (.0, 5,.6,0,3,1) 

CALL TEXT (WOROS,40,2,l) 
--------FC7ATLTL-6pTL~O~T-7C~.~lc,·~0~,~8'.70~,~3r,~1~),-------.-------------------

_____________ ~C~A~LTL~C~U~M~U~G7R~A~D~C~VVL~,N~UrM~Sr'~WnO~H~D~S~I~'~)~) ___________________________ . ____ _ _ 
CALL PLOT (.1,0,8.0,3,<) 
READ 10,INPVAL.LOG,WOROS(5)~XHIN,XMAX 

---------,ljr~I~E~O~f~, r6iO¥I~9~9~,~J~l~~~~~~~~~~---------------·--------

99 CALL EX IT 
E~D 

---------------I: . _ . __ .-------
I , 

I: 
I; , , 
I 

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

• 
1 , 
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1 

5,5 U A;:i 

. IJNC TJ ONx t~ vN Ur1p) 

J=l 1 -. 

1 
1,.-

35 PTESr: p ROB r~O R M(X ' 
PP 'PTEST-P 
Ir (X , Gr.3, 99999999) RET UR~ 
IfIA ijS IPP)-T OLI 90,90,40 

1
', 40 IF'( PP) 50,90,bO 

50 X.X.UIFT 
1 ------------~~(~.0~TriO~7~O,-------------------------------------------------------
s 60 XaX-DJrr 

1',----- 10 UIF'F'=DlfF'.O,5 
" 0 TO 35 

• 90 XINV NOP:S IG N(X, J) 

1', _______ ~--rn~RrEnT~UnR~N~~._~--------------------------------------------------100 XINVNDf·'4.0 
I RET UR N 
l END -------------------------------------------

1:--
I : I .---------------

.-------
I: ,-------------------------

I :---------------------------
1-------------------, 

11-----
1 

I , 

1:---____ -------------------, 
t---------------
------------------------------------------, 
1 , .--------

. , 

1 



I 
5,~OA C 

I 'JHROUTINE CUMUGRAU (Y.N.TIT~E) 
' ______________ iD~I~M~E~N~S~IT,0~N~Y*(~N *)~,,------------------------------------________ __ 

I DIMENSION WORDSI5) 
(;OMHO ~ K. 

, DATA (WORD S,32)ICUM, fREO, GRADIE NT CURVE rOR 

•

' . " DRDSI5}'TIH,E 
Ir (" ,EO,O) ", 0/10 

______________ ~Mr..~N~-~K~--------------------------------------------------------- RaK 

I Aal0.0/M 
--------------~C~~IT~TL~p~LnO~T~(T1~,~. '1 ~,.~2~.~2~)r-------------------------------------------

,________ C~~L P~OT (~1.,~81,1'2 ) 

• 

CALL PL OT (0.,10.,3,2) 
____________ ~C~AT'TL~P~LO~T~(~0~.~.~O*.~,4~.~2r)~------~------______________________ ___ 

CAll PLOT (8.0,0.0,4,2) , CALL PLOT (OI,-,O~.~,~3~,=2~' ___________________________________________ _ 

I 
La3 $ LL=O --
IJO 50 I-1 , M 

.--------------~L~.~M~A~X~07(TL=,f,~L·'-----------------------------------------------------

i 
I.Lo!ll4 
1""1 

_ __ 11'I-K-1 
I H • A'( K -l'~j'--------------------------------'---------

t - SUMXYaSUMX=SUMY.O,O 
00 1 J=I.II 

i sUMXV.SUMxv.J*YfJ) 

I 
SIJHyaSUH'hJ 

1 SUMX.SUMX.Y(J) 
SSXT~SOMXY~SUHY.SUHX/R 

• SSXS'SUMX.'2 / R 

, 
V.5SXY/SSXS 

_ Ir DIvIDE CHECK 5,10 
5 9-10,0 

I 10 X.SUMX/R 

I 24 IF" (V , GI , l0,O) PRINt 25,X,9 
25 FORMAT(2Fl0;5) 

CA,L PLOT (-0,5,-1.0,3.2) 
. --------------~CCiAC[LiL'--TT-FEixTI__inroRl)"S, 40, 2 ,-,Z'1,---------------1_ CAL.L PL.OT (-1.0,10,0,3,2) 

RETUR N 
, . t:.ND 

• 
I , •-------------------------------------------------------------------------------------­

-

I , .---------
I 



I 
1 5, 511 AI' 05/09172 

r :)NCTION ~RFeX1) 

1 2' --------;C~~~~Trrrr~,.~~~nr~~rn~~~_rn~nT~~nn~TT~------C - ERr . EVA LUAT ES THE ERRoR FU NCTION, THE NORMAL DISTRIBUtiON 
J C rU~CT IO N . OR THE SIGNIFICANCE ,EVE, OF THE NORHA. OISTRIBUTION 
, -'--'-- --e- q y T:·lE FUNCTTO"N CALLS _ERn x). fOR THE ERROR F'ONC1l0N, ~PMOBNORH(Xh 

1'. _____ C FOR THE t' O""A' OISTRlijUTION AND .SIGNIFe X)' FOR THE SIGNIFICANCE 
C LfVEC;- .. , 

1 C T~~ ~OUTl ~ E IS Ti lE SAME AS .CJ CStH PR NO RH. WITH EXT RA ENTRY I: ~ POINTS Tt:! MAKE It MORE VERSATILe wlTA oNLy A sLIGPT LOSS ar SPEED. 

o--------;C~MnOTfO nr F'"lrlE'l'O"'OVY'N'-.:1R','pmU"'HiiH'-ER01O'l'Yr-:.:-?CC<:STI1>ROIrlO'lllrtVr:,"O" ' CmO'flR"PJfO"TTI NN arnR"E"S"'E'6A R"CA J 1112/71, 
, _______ ---"C_ 

12 NTR':-l S xfaXI S )(1:)(1-1,414213562 S GO to 9 
J . E :~TRY SIGNIF 5 NTRYo 1 S XTeXl 5 X1 •• ABSIX1) 5 GQ TO 9 

E ~T RY PROSNORM S NTRY: 0 , 

1'· _______ ~C~--->r.~-------------------------------------------------------9 X ~ X l 

' _________ ~l~Q ___ 'Zno~l~,~O~~~~----------------------------------------------• JF"(XS30,20,40 

1 :---------"-"--
I _______ ~J~O~_TX.~"~Xr--------------------------------------

I ': _________ ,~--~Z~·T"Z~~~+F~~~~---------------------------------------~--40 lreX,GT,6.JGO TO 90 
60 IF'tx. GE,2, )GO TO 80 

f 70 X:X·X*,25 

1.,--------~~~zr..~~~~«n(nC,(,(7(7T~,O~O"OA1~2~4WB~18~;~.ro.~g-..7,~0~01~0~7~5~Z~C"~0'~)"'~Xn·~,~0~C~'~1'~8r.Tn7~'~D~lT)"Xr-
S .,D1919829~OO).~·,0590540J564)'X·,15~9ae751J6)'X 

I S ,,3191529326').X·,~319~JD073 t·X·,'9~6~.'6059'·Xl 
, GO TO 90 

• 

90 e,::U' =<Z.1.0) •• 5 
100 lre NTRY)110,130,120 
110 Xl~xT i ERr=ERr.ERr~110 S REtURN 
120 Xl.XT S ERr.ERF,ERF 

I 
130 RETUR N 

END 
I. 

1------------------------------------------
I 

~---------------------------
1------------------------- ---------
,------ ---------------

.,--------------------------------------------------• 

1------___ ---------- ----
I 
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S. 5DA r. 05/0./72 

S ; I~R O~;TINE SINGSUln ( A,r~ ) 

R 
, --------i~--~~~~~~iil~~mri~~rrrf 

UIl1EN!=;lON A( N ) J 

4 DIMENSIO N IU(16 1,ll(1~----------------------

.5 M:; l 
6 - - --- I , II '1 $ 'J =<' N..------ ------ - -------------_ .. 
, _________ ~ri5~Ir.f~(rl~.~l~T~.~J~I ---±1~0~,-7~0~--------------------------__________ __ 
, - 10 ReI 

IJ:I(J*I )/? 
o l:ACI J) 
I I F'( .A(J) , GT ,T) 21. 20 
, ----------71 A(IJ),.!I ' ~~~--------------------.-------
J .4(U=T 
of TsA(l J) 
, 20 "J 
, IrC4(J'.LT,l) 41, . 40 
7 41 A(IJ),A(J) 
, A(-.J);q 
, TeAt l J) 
~ IF'<AIIJ, GT. TJ Jl~ 40 

31 A(IJ).A(I) 
2 A(I)::I:T 

l ______________ OT".A~(~IJ~)~----------------------------
, GO TO 40 
• _________ ~3~0~Ar.(~L~)~.~A~(~~~)----------------------------------------------------5- ... pq:TT 

40 "L-1 
IrCA( L).LE,T) 51 . 40 

~1 TT.A(LI 
50 I<sK+l 

IP(A(~),GE,T) 61. 50 
61 IF'CK.Gl,l) 71, 30 
71 IF"CL"I,UT,J"I() 81,60 
81 tLOt RJa I -

• 

IU( M)'L 

GO 10 BO 
60 IL( MI.K 

--------·--~__,I~n(M~).o.JT-------------------------------------------------­, _ 

JIi!L 
------------,~~~-------------------------------------.---c__ 

GO TO 80 
10 MaM .. l 

IP(M,EO,O)RETURN 
-----rl ... nl Cr (M".-)r--'--'---------------------------------- .-----
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