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ABSTRACT 
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ACCURACY OF CDC 6600/7600 FORTRAN 
LIBRARY FUNCTIONS 

1. Background 

A prototype program for experimentally measuring the accuracy of a single precision func­

tion by comparing values of that function with values of a corresponding double precision function 

was developed by one of the authors in 1967 and 1968. That program provided useful results but 

because it contained assembly language subroutines and other highly machine-dependent character­

istics, it would run only on the Univac llOB. 

The authors then collaborated to write a more flexible and general program with machine­

dependent characteristics parameterized and localized. The result is an all Fortran program 

which has been easily converted and run on several different computer systems despite the machine­

dependent nature of some of the computations and a few deviations from ANSI Fortran. 

The program used to obtain these test results is described herein only in enough detail to 

explain the methods used and thereby to enable the· reader to understand the results. The program 

was designed primarily for use by .the authors and is largely undocumented. However, the program 

has other applications and is not terribly difficult to use. For completeness, a microfiche listing 

of the program is enclosed inside the back cover of this report, but interested readers should 

consult the authors. 
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2. Overview of Test Procedure 

2.1 Test Setup 

The setup for testing functions on a computer system consists primarily of defining :r;nach~ne 

description parameters, a pair of corresponding function subprograms for each test, and a set of 

test description parameters for each tt;!st. The ma.ohino-depemlen,i parameters are defined in the 

main program -CRACK. The function names and the test descript~on parameters are defined in 

subroutine TESTER (or in subroutines called by TESTER). 

TlJ.e machine description parameteri arc: 

BASE - the base of the machine's number ~ystem 

NDIGIT - the number of signif:j..:;ant cligit~> in :>. rc9-l (siugle precision) value 

NBITS - the equivalent number of sign~ficant bits in a real value. 

The pair of corresponding functions are, generit;ally: 

RFUN - the $ingle prec;:ision function being testecl 

DFUN - the double precision function used for comparison. 

The te1>t description parameters are described in Sec;tion 4. 

Beca1,1se of the different valid ranges of arguments on differe):'lt cop:1puter systems and the 

different functions that are .available, TESTER is a machine-dependent (but stanqarq) Fo:rtran 

subroutine. Since we are .m.easuring the: a\-!t:uraty of 11 1ibra~y functions here, 01.lJ' version of 

TESTER f)imply oall~ 11 lOWer level subroutines that define parameters and call TABLf!:S and 

GRAPHS (see 2.2 Test Processing) . 

. The CDC Fortra.n library has no double precision functions corresponding to TAN, ASIN, 

ACOS, and TANH. We have written DTAN, DASINT, DACOST, and DTANHQ to provide double 

precision function values for testing the library. For the other single precision functions we have 

used the corresponding double precision functiopf.l in the CDC hbz·ary for comparison. 

2, 3 Te.5t Processi.rig 

Two key subroutines evall,Hlte the t~st functi0111! <~L 'the test arguments, tabuiate or plot the 

errors, and write ou.t the re!=;ults. Subroutine TABLES writes five sets of tabulated results on units 

1 through 5. Subroutine GRAPHS writes printer p~qls on unit 6. TABLE$ and GftA.P~S independ­

ently generate NUMFUN argument values (RA) and function values: 

n V ~ RFUN (HA) 

DA = RA 

DV = DFUN (DA). 

Each pair of corresponding function values (RV, DV) is compared to measure the error in RV. The 

accumulated errors are written out in the form of statistics, tables, and plots. 



2,3 Test Output 

The test description parameters and overall test statistics are tabulated and written on unit 1. 

The number of comparisons with a given difference in the coefficients (see 3.4) is tabulated and 

written on unit 2. The number of comparisons requiring a given number of bits to represent the 

difference in ·the coefficients is tabulated and written on unit 3. All detected gross errors (see 3.3) 

are written on unit 4. The 25 largest observed errors in each test are written on unit 5. A printer 

plot of accuracy for each test is written on unit 6. 
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3. Method for Measuring Accuracy 

3.1 Introduction 

We approach the question of accuracy of a function by measuring the error (as we will d~fine 

it) at a relatively small number of·argument values. By using SOII).e care in selecting the arguments 

so that we probe the function in neighborhoods that we believe are likaly to be cdticai, we believe 

thn.t we are able to obtain a generally reliable picture of the accuracy of tha~ function. To measure 

the accuracy at any given argument value, we compare the values of two corre!;Jponding functions 

evaluated at that argument. 

A single precision function and a corresponding double precision function are evaluated at 

the same value of the l'l,rgument. The double precision f11nr:lti<.:1n vo.lu~ i:s converted to single pre-· 

d~ion tO give a "true1
; single precision value for the function. The "accuracy" of the single pre­

cision function is measured by comparing its value with the "true" value. 

A nonzero difference between the two single precision values guarantees that at least one of 

the values is in error. However, the "true" value is .not necessarily correct to full single pre­

cision and even could be in error by more than the error in the single precision function be~ng 

tested. Both values could be in error by an amount much greater than the diffei·ence between them. 

We will make the plausible supposition that the error in the "true" value is less than the 

error in the single p:recision fvn.ction value (and usually smaller by at ~east a. fa.ctor of two) so that 

the difference botwcet'\ lhe single precision value and the ''true" value indicates the order of mag­

nitude of the actual error in that single precision function value. The errors we report here are 

obtaip.ed using this o.ssumption. 

We have sampled the accuracy of 11 single precision library functions using several distri­

butions, each with 1001 arguments, for each of i;he functions. Th~s gives a general picture of the 

accuracy of those functious. It is possible that there exist 11;1uch l!.q~er er:rors than those which 

we have obse:t·ved. Samples made using 5001 arguments yielded a ~ew somewhat larger errors 

and, of course, required five times as long to run without providing much more information. 

Applying additional brute force to o~tain a more pre~ise dli!tormi11aiiou of accuracy is not very 

productive. 

Additional knowledge of the accuracy of these functions might be obtained by thoroughly 

analyzing each computational procedure but that is beyond the scope of our work. In cases where 

precise knowledge of accuracy is ex:tremely important, additional, independent tests would be in 

order. 



3.2 Validity Checks on Function Values 

The single precision function value and the "true" value are checked for validity. On the 

CDC 6000/ 70'00 systems we use the LEGVAR function to detect infinite and indefinite forms which 

are invalid at least as far as performing additional computations on them. 

A less machine-dependent concept is that of normalization. A nonzero value is said to be 

normalized if the leftmost significant digit is nonzero. We attempt to detect unnormalized values 

by making assumptions about the internal machine representations of real and integer forms in 

Fortran. We assume: 

(1) That a positive integer is represented as a right-justified string of digits with 

zeros at the left. 

(2) that a positive real value containing NDIGIT digits of precision is represented 

by an exponent followed by those NDIGIT digits, and 

(3) that through nonstandard use of EQUIVALENCE we can operate on a real 

value as an integer. 

Thus, we assume that a positive real value V is represented as 

V =X ••. X YD ... D, 

where X ••• X is the exponent, and YD ... D are the significant digits. V is normalized if 

and only if Y is nonzero. 

Now on a base B machine 

v 
X .•. XY 

BNDIGI'l'-1 

and 
X • . • XY = Y modulo .1:1. 

This potentially machine-dependent computation, which is not central to the program, has 

rletected unnormalized values on at least one computer system. None have been detected on the 

CDC 6000/7000 systems. 

3.3 Gross Errors 

Four kinds of gross errors are excluded from statistical computations and tabulations when 

ever they are detected: 

• The single precision value (RV) is an invalid form (infinite, indefinite, or 

unnormalized) 

• The "true" value (TV) is an invalid form. 

• .RV and TV are both nonzero and of unlike sign. 

•Rv and 'l'V differ i.n magnitude by more than a factor of two. 

These kinds of gross errors are listed in the fourth of the five kinds of tables produced. Sub­

routine RCHECK detects such gross errors. 
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3,4 Computation of the Error 

After the occurre:qce of a gross error has been ruled out, the error is computed in a machine­

independent, . standard-conforming way. 

We suppose quite generally that a nonzero real value is represellted as NDIGIT significant 

digits in the base (BASE) of the machine together with an exponent (::>ay, k), ·Thus, a valUt~ may be 

repref?ented as: 

. dd • • . . d * BASE k -------NDIGIT digits 

The string of significant dig~ts is called the coefficient of the va1uo, ·In effed. we are assuming 

only that all real values in a computer can be represented in a form of scientific notation. The 

exact internal machine reprP,FiiO!Otati9n io inm·•aledal, 

Given a real test function value (RV) and a corresp.onding "true" function value (TV), we 

define th,e error in the test func;:tion value to be 

RV - TV * BASENDIG~T. 
BASEk 

where ~ is the exponent in the "true" value. That is, the error is the. diffe~ence expressed in 

terms of units in the least significant digit position of the. coefficient qf the -"true" valtle· .. Compu­

tationally, we rewrite the error as 

RV - TV ,~ BASENDIGIT-1. 
BASEk-l . 

k-1 
The computation of BASE is done as follows: 

Let ARV 

Let ATV 

IRVI. 
lTV I. 

In Fortran we compute the vah1e of. k-1 as 

KEXP "' ALOG(ATV)/ ALOG(BASE), 

i.e., k-1 
logarithm to the base BASE trunc;:ated to an integer, and BASE as 

DTV = BAS.J:!;':":'K..EXP, 

i.e., BTV is of the form .i ,;, BASEk and l3TV and ATV have the same exponent when P.:xpressed in 

.scientific notation. Then, in their internal machine representations, BTV and ATV should have 

like exponents and BTV should be normalized with leading di,gjt one and trailing zeros. 

Then BTV ':' BASE ':":: (1-NDIGIT) is the value qf one unit in the least !Significant digit posi­

tion in the coefficient of ATV. Therefore, the error as we have defined it is 

The equivalent number of bits of accuracy lo~t is the number of times that KDF must be divided 

by two using Fortran integer arithmetic before the res.ulting quotient is zero. 



and 

For example, consider an eight bit binary machine (BASE = 2, NDIGIT = 8). Suppose 

ARV = .11010010 * 220 

ATV = .11001111 ~' 2
20 

We note that 19 < log
2

ATV < 20. Therefore, 

KEXP = 19 

BTV = 2
19 

= .10000000 * 220 

ARV- ATV = .00000011 ~' 2
20 

ARVB;~TV = .00000110 

BASE(NDIG1T-1) = 2 7 

KDF = 11 (binary, i.e., KDF is 3). 

Thus, the error in ARV is equal to three units in the least significant position of ATV. Two bits 

of accuracy are lost. 

This computation, which makes no assumptions about the internal representation of values 

and avoids masking and other machine-dependent, bit-picking techniques, has computed the error 

reliably on several different computer systems. 
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4. Genera~ion o! Arguments 

4.1 Introduction 

One test argument is generated each time subroutine GETARG is called by TABLES or by 

GRAPHS. As each argument is generated, the single precision test function and the corresponding 

double precision function are evaluated, the error is coznp-gted. Rtlltisti..;-s on tho cn·or" "''t' ac­

c~mulated, and gross errors ar.e written out. Except for plotting the error, there is no need to 

store all the arguments 'in memory. Several different seque11ces of arguments are producible by 

GETARG. Use of more than one kind of argument sequence (especially wher carefully selected) 

·tends to avoid overlooking errors because of a too simplistic Rampling procedure «•.l•.l thereby adds 

to the cretlib~lity of the results. 

There are two general forms of argument distributions that we call Linear (LIN) and Expo­

nential (EXP). Within each form are six specific kinds that we call: 

• Equally spaced (;E;QU) 

• Uniform ram;lomly spaced (RAN) 

•Normal rancj.om about left P.nd point (NDL) 

•Normal randol;ll about midpoint (NOR) 

•Normal random about right end point (NDR) 

•Incremental (or decremental) (lNC). 

The following te!>t descri'ption parameters are required for each tes~: 

NUMFUN - the number of a:rettmP.nt v<~J.ues 

·MFORM. - thP. general form of th~ argument d~stribution, either linear or exponential 

MDIST - one of six specifi<;: kinds of argument distributions within the general form. 

Depending on the choices of MFORM and MDIST, one of the following groups of test descrip-

tion parameters must be defined: 

1. For linear distributions; 

:1, ):<'or equally spaced and random distributions 

VBEG - initial (usually left) .end of range 

VEND - final (usually right) end of range 

b. J:i'or incremental distributions 

VBEG· - initial end of range 

INC - number of units in tj'le least significant digit position by which 

to increment (or decrement) 

2. For exponential distribution!>: 

a. For equally spaced and random distributions 

KSIGN - sign of the arguments 

IEXP - initial (usually lower) end of exponent range 

LEXP - final (usually upper) end of exponent range 



b. For incremental distributions 

KSIGN - sign of the arguments 

IEXP - initial exponent 

INC - number of units in the least significant digit position by which 

to increment (or decrement). 

4.2 Linear Distribution 

For equally spaced and random distributions we define an interval of the real numbers from 

VBEG through VEND and a number of arguments, N1JMFUN. From these values we derive: 

WIDTH VEND - VBEG 

STEP WIDTH/ FLOAT(N1JMFUN -1) 

For incremental distributions we define VBEG and NUMFUN as above and INC, the number 

of units in the least significant digit position by which to increment (or decrement). We derive: 

AV = ADS(VBEG) 

KEXP = ALOG(AV)/ALOG(BASE) 

Then 

XINC = BASE ** KEXP '~ BASE '~~~ (1-NDIGIT), 

corrected as necessary for round-off, is the value of one unit in the least significant digit position 

of VBEG. 

On the N-th call to GETARG, we compute one of the following values for the test argument: 

• Equally spaced 

VBEG +STEP ':' FLOAT(N-1) 

eunHorm random 

VBEG +WIDTH ':' URAND(O) 

where URAND is a uniform random number generator 

•Normal random about left end point , 

VBEG + 2.0 ':' ABS(GRAND(O) - 0.5) '~WIDTH 

where GRAND is a Gaussian random number generator with 

rnean 1/ '2. and slandard deviation 1 I 12 

•Normal random about midpoint 

VBEG + GRAND(O) "' WIDTH 

• Normal random about right end point 

VEND - 2.0 ':' ABS(GRAND(O) - 0,5) ':' WIDTH 

•Incremental 

VBEG + FLOAT(INC) * FLUAT(N~1) -:, XINC. 

15 
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4,3 Exponen~ial Distribution 

If the range of arguments extends over several different v~lues of the exponent i.n the internal 

machine repre!'entation of those arguments, then--out of the machine representable numbers in 

that range--large values are sampled much more frequently than small values. For example, of 

· the values in the interval 1 to 1, 000, 000, roughly 1 I 20 of the values exactly repr~sentablA i.n a 

binary machtl1e liP. between 1 and 2 v~:~rsus 1 I 999, 999 of th~ real numbers in that interval •. 

In .order to ::;ample machine--representable values more uniformly, we define an exponential 

form of distribution with the exponent~ in the machine representation more Jr less uni.formly 

distributed. With the exception uf the incremental distril:)ution, we compute the coeffici.ent (COEF') 

an.d the exponent (.JEXP) independently an~ then cqmhinQ them t..-:-. ronu :ln a.rgumeut~ 

CciF.F ,:, Bl\.SEJ '';''' JEXf'. 

We take minus this value if the parameter KSIGN is -1. Here <;:OEJ;i' is npt a fraction. Instead 

1 :£; COEF <BASE. 

For equally spaced and l:'andom distributi.ons, we defi11e a sign for the argument, KSIGN, an 

initial exponent in the base of the machine, IEXP, a last exponent, LEXP, and a number of argu­

ments, l\'UMFUN. We derive 

WIDTH 

STEP, 

BASE - 1.0 

WIDTH/ FLOAT(NUMFUN -l). 

On the N-th call to GETARG we compute the next value in seq~ence fnr .JEXP, runulug ~Y'Clically 

.fl:'om I&"-:T' t.::. uut not ihclu(~ing LEXP, and one of thl;\ following v.:t.ll)ei:l tol" COEI~: 

• Equally spacecl 

l.U + FL0AT(N..,1) ''' STE:P 

• Uniform random 

1. 0 + URAND( 0) ,, WIDTH 

1.0 + 2.0 ~' ABS(GRAND(O) - 0.5) ~· WIDTFJ: 

•Normal random about midpoint of COEF 

1.0 + GRAND(O) ~' WIDTH 

• Normal random about BASE 

BASE - 2,0 ~' ABS(GRAND(O) - 0.5) ··· WIDTH 

For incremental distributions we define KSIGN,· IEXP, and NUMFUN as above and INC as in 

the case of linear distributions. 



We derive 

VALUE - BASE ** IEXP, 

or minus this value if KSIGN is -1 and 

XINC = BASE '~*· (IEXP - NDIGIT + 1). 

On the N-th call to GETARG we compute the following value for the argument: 

• Incremental 

VALUE + FLOAT(INC) * FLOAT(N - 1) * XINC. 

17 
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5, E;xplanati<;m of Tables an,d Graphs 

Seventy five tests were performed durmg one run using a given computer syst!;!rr).. Three 

S!;!parate corresponding runs were made for the three different computer systems--CDC 6600 

SCOPE, CDC 6600 NOS, and CDC 7600, E;lch test consisted of tabulating and plott~ng errors for 

one pair of functions and one distribution' of 1001 arguments. The five tables and the plots are 

re~ated by the test number and plot number. 

The tables titled "Test Parameters and Statistics on Differences :in the Coefficients of the 

Results" summarize the test description parameters and test statistics. ($ee Tah}eR I, IV, o.nd 

vn for C:DG 6600 SCOPE, cue 6600 NOS, and CDC 7600 test res11lts, respectively.) Each test is 

surnmal'ized on one line m theRP. t~h1~1i. Th,c eoll.lwu hc~dings o.nd corre::;ponding ta!:lulatP.rl rlat,. 

~:re: 

N 

FUNCT1 

FUNCT2 

TYP 

DIS 

SGN 

BEGIN 

END 

NUIVl 

ERS 

Ivlll\1 UJ:F 

- the test number (used to relate to other tables and plots) 

- the name of the single precision function, RFUN 

- the name of the dlJul';lle precioion function, DF'UN 

- the general form of !lrgument distribution (LIN or EXP) 

·- the specific kind of distribution (EQU, RAN, NDL,. NOR. NDR, or INC) 

- the sign for exponential ui::;tributions 

- the initial endpoint of the a;rgument range 

- the final endpo~nt of the argument ran~e 

- the number qf a:qrnrnP.nt. "ah1~" 

- the number of gross errors 

-the algebraically mini.p111m t:'lbiiervcd crro1·, KDJ;!', excluding gross errors 

(see 3,3 and 3,4) 

lVIAX DIF - the algebraically ~aximnm, obser·vcd error 

MEAN DIF - the average observed value· of KDF 

·MEAN ABS -the average obse;rved value of IKDFI 

STAN DEV - thG stan(l~.rd deviation of KDF. 

For the exponential form of distribution, the values listed under BEGIN and END are t):l.e 

initial (lEXP) and last (LEXP) values of the exponent in the argument !lflc;l are thP. power to whi.::!l 

t.w0 (the numb0.1'.l:o8.::Hl uf the machinE:!) is raised. 



The incremental distribution is especially helpful for carefully examining a function in the 

immediate neighborhood of a pole or zero. Indeed, many of the largest errors have been observed 

using an incremental distribution, The value of INC, which is not listed in the tables, was either 

1 or -1 in all' cases. 

The tables titled ".Number of Comparisons With a Given Difference in the Coefficients of the 

Results" show a frequency distribution for errors from -8 to 8 units in the least significant digit 

position. Larger errors are tallied in the columns headed MORE and LESS. (See Tables ll, V, 

and Vill for the 6600 SCOPE, 6600 NOS, and 7600 test results, respectively.) These tables show 

well the frequency distributions of the errors for very accurate functions. 

The tables titled "Number of Comparisons for Which the Difference in the Coefficients of the 

Results Requires a Given Number of Bits" show a frequency distribution for errors in intervals of 

the number of bits (from 0 to 17) required to represent the error. (See Table::; ill, VI, and IX for 

the 6600 SCOPE, 6600 NOS, and 7600 test results, respectively.) Errors requiring more than 

17 bits to represent arc ta.llier.l in the column headed MORE. The number of bits required to 

represent the largest error (excluding gross P.rrors) is listed in the column headeu MA.."{. These 

tables show the frequency distributions of the errors better for inaccurate functions or for func­

tions with a wide range of errors. 

A table titled "Results which Have Either Different Exponents or Different Signs on the Co­

efficients" is produced for each test in which gross errors are detected. Up to 50 gross errors 

arc listed for a test. Note that the table heading is not strictly correct in that two corresponding 

values with.different exponents in their internal representations are not necessarily treated as 

gross errors. The real criterion is whetl1P.r they differ in magnitude by more than a factor of two. 

The tabulated data are the sequential number of the argument and the octal representations of lhe 

argument of the real function, the real function value, the argument of the double precision func­

tion value, the "true" function value obtained from the double precision function value, and the · 

full double preci::;ion function value. At the l'ight ltai1d end of e;'!r.h line (without any column head­

ing) is a code that indicates the kind of gross error. Table X shows an example of this type of 

table for Test 38 on the CDC 6600 SCOPE system. The ACOS (1.0) is computed to be "'- • 7E-14 

instead of zero. 

A table titled "Re::;ults which HavP. the Largest Observed Differences in the Coefficients" is 

produced for each test. Each table lists the 25 largest errors observed in that test. The Llata 

listed in the table are the sequential number of tlte argument, thP. oct<a,l representation of the 

argument, the octal representation of the real function value, the octal representation of the full 

double precision function value, and the error. Gross errors are not included in this table. 

19 
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Table XI shows .an example of this kind of table for Test 19 on· the .CDC 6600 SCOPE system. 

This example is not necessarily typical of library function ·accuracy but was selected because it 

shows both extremes of accuracy and is convenient for relating the tables and plot for a given test. 

Table IX showed that in 833 cases out of 1001. the error in TAN affects only the last two bits and in 

928 cases affects only the last three bits. However, in eight cases, the error affeCts more than 17 

bits of the function value. These eight cases are listed. i~ Table XI as argument numbers 1, 126, 251, 

376, 626, 751, · 876 and 1001. These eight argtlmen~s have the va.lue~:~ in the current distribution 

neal'est to -2'17', -3/2'17', -'IT, -1/2'17', 1/2'17', 'TT:• 3/2'17', and 2'17', 

A printer plot tilled "Number of Bit Positions of Agreement in the Cof 'ficients of RFUN and 

DFUN on the CDC 6600 Und.er SCOPE" is produo::ed fo:J;' co.ch test where "RFUN" and "DFUN" are --- . '. ·'"'····-
the pair of functions comparec;l and "CDC 6600 under SCOPE" is the name of the computer system 

used for the test. For equally spaced and incremental rlist;ri.butio~U'h the same data are used for 

the plot as for the tables. For random distributions, a similar set of argum~nts is generated fo1·. 

the plots as fo1· the tal:>les, l;lnt not the exact same values (due to different random numbers). We 

define the number of bits of agreement to be 

NBITS - LOST, 

i.e., the equivalent precision of the machine in bits minus the number of bits required to represent 

the error. Gross. errors are inqicated as zero b!ts of agreement. 

Figure 1 shows an example of a :printer plot for Test 19 on the CDC 6600 SCOPE system. 

The eight largest errors mentioned above for Test 19 appear clearly near the bottom of tho plot. 

Th~ .;;~grooment fo:r Utl:!se eiglj.t values varies from OI:J.~ bit to e:ight bits (the ep•or varies from 40 to 

4 7 bitS), .~lsewhere, the TAN function generally has 46 to 48 bits ~f agreemP-nt, a~ is indicated 

by the tables aud was mentioned above. 

The tables of gross errors and largest observed errOr!;! and the printer plots (as well as 

copies of Tables I through IX) are recorded on the en<;lo13ed 48X microfiche to reduce the volume 

of this report. Also included on the microfiche. is a Fortran compilation listing of the pro15ram 

that produced those ta1:>1es anri plots, Thcr!'! i~ •:•u~ microfiphe tur ~ach of the three systems tested. 
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TABLE I 

C1JPIPAR I SON OF THE RESULTS OF AL T:RI~AT IVE COMPUTATIONS ON THE CDC ol-,)0 UNOEFI SCOPE 

TESl P#IRAPIETEFIS ~NO STATISTICS ON DIFFEF'ENCES IN THE COEFFICIENTS OF THE RESULTS 

N FUNCT1 FUNCT2 TVP DIS SGN BEGIN END NUPI EFIS 1'1lN DIF .~X DIF I'EAN DIF P£AN ABS STAN DEV 

1 SIN DSIN LIN EQU -6.2~:185 6.283185 1001 0 -7 e: .18E-Ol · .10E+01 .l1E+01 
2 SIN DSIN LIN R~N . 0. 1.570;'96 lJ01 0 -8 2 -.10E+01 · .12E+01. .15E+01 
3 SIN DSIN LIN F'~N 31'+1.593 31'+7.876 1:)01 . 0 -8 8 - .17E-01 .11E+01 .17E+01 
't SIN DSIN LIN nAN 31'+1593. 31 '1151?9. 1001 0 -7 8 .17E+OO .99E+OO .16E+01 
5 SIN OSIN LIN RAN .31'tl593E+10 .31'+1593E+10 1001 0 -8 8 .ltOE-02 .10E~Ol .16E+01 
6 SIN !JSIN LIN OOR 3.000000 3. 300000 . 1001 0 -9 9 .11E+01 .56E+01 .57E+OI 
7 SIN DSIN LIN II'C 3.1'+~;93 3. 1 't 15:93 1001 0 -6 12 .62E+01 .62E+OI .13E+OI 
8 SIN DSIN LIN L~C 3.1'+1593 3.1'+15'93 1C•Ol 0 -8 0 -.62E+01 .. 62E+01 .12E+01 
9 SIN DSIN EXP RII.N MEG -5. 00(1000 '+5.00000 1C01 0 -7 8 .31fE+OO .12E+01 .18E+01 

10 cos DCOS LIN EW -6.283:85 6.283185 1001 0 -8 8 .16E-01 .. llE+OJ .lTE+Ol 
11 cos DCOS LIN RA'\J 0. 1.570796 1001 0 -9 2 -.81E+OO .llE+Ol . llfE+Ol 
12 cos DCOS LIN RAN 31'+1.~93. 31'+7.876 1o:n 0 -8 9 .lf'tE-01 ·.tlE+Ol .18E+01 
13 cos DCOS LIN R~N 31'115,3 .. 3llf1599. .1001 0 -8 8 .80£-02. .llE+Ol .1TE+O.l 
l't cos ocos LIN RPII: .31'+1593E+l0 . 3Jifl593E+l0 1001 0 -7 7 .51E-Ol . . JlE+OI .18E+OI 
15 cos DCOS LIN NOR 1.500000 1.650000 tOOl 0 -9 9 .13E+OI .60E+OI .t-OE+OI 
16 cos DCOS LIN INC 1.5701'96 1.570796 1001 0 -6 12 .62£+01 .62E+Ol . 13E+Ol 
17 cos ocos LIN I~ 1.570796 1.57079b 1001 0 -8 0 -.62E+Ot .62£+01 . 12E+01 
18 cos ocos . EXP RAN NEG -5 . 000000 '+5.00000 ~001 0 -8 7 -.65£-01 .. 11E+01 .17E+Ol . 

19 TAN DiAN 'LIN EQU -6.283185 6.283185 1001 0-131607567'+3't33131921f751f'!6S871 .23£+12 .27E+l2 .50E+13 
20 TAN DTAN LIN RAN 0. 1.570796 1001 0 . -7 3 -.28E+OO .75E+OO . . 1 OE+01 
21 TAN DTAN LIN RArJ 31'+15'?-3 31'+7.876 100'1 0 0 5'161!695 .51E+05 .51E+05 .26E+06 
22 TAN DTAN LIN RAN 31'+15~. 31'+1599. 1!001 0 0 231f603~01f .16E+08 .16E+08 .85£+08 
23 TAN DT-AN LIN RAN · .31'+15~3E+10 .31'+1593E+l0 1001 0 0 15166161'52882 .16£+11 .16£+11 . 70E+ll 
2'+ TAN DJAN LIN NOR 1.500000 l. 650000 1001 0 -139151 3159 -.15£+03 .21fE+03 .lflfE+Oif 
25 TAN DT~N LIN NOR 3.000000 3 .30000(· 100] 0 -7679 sro5 . llf£+02 . 11£+03 .lf9E+03 
26 TAN DT.I~N LIN INC 1.5707% 1. 570796 lJOi 1•375351flf68'+5295 lf812819529~Tl9 -.11fE+l2 .86£+12 .55£+13 
27 TAN DTAN LIN INC 1.570796 1.570796 1001 0-708'+669096157'+ 0 - .89£+11 .1!9£+11 .22£+13 
28 TAN DTAN LIN INC 3.1'+1593 3.1'+1593. )001 1•31921f75'f'f68871 373875555bO'IIf5 -.16£+12 .l'3E+12 .52£+13 
29 TAN DTAN LIN INC 3.1'+1593 3.1'+1593 1001 0•31~2'+75'flf68871 0 -.15£+12 .15£+12 .112£+13 
30 TAN DTAN EXP RAN NEG -5.0000GO '+5.00000 1001 23•9'+37563681f921f6 1 -.19E+13 .2'9£+13 .15E+IIf 

31 ASIN DASINT LIN EQU 0. 1.000000 1001 0 -1153 '-1()0 - .16£+02 .13£+02 .13£+03 
32 ASIN DASINT LIN EQU -1 . 000000 0. 1001 0 -'+00 1?07 .18£+02 . 73£+02 .llf£+03 
33 ASIN OASINT LIN INC -1.000000 -1.0000000 1001 0 0 2 . 13E+Ol .13E+01 .lflfE+OO 
3'1 ASIN DASINT LIN INC 1.000000!) 1.000000 1001 0 -2 0 -:.13E+Ol . I 3£+01 .lllfE+OO 

35 ACOS DACDST LIN EQU 0. 1. 000000 10)1 1 -399 "'11 .bOE+Ol .5&E+Ot' .11£+03 
36 ACOS DACOST LIN EQU -1.000000 0. 1001 0 -10'+ 100 -.19E+Ol .1~£+07 .t'8E+Ot' 
37 ACOS DACOST LIN NOR -.1000000 .1000000 1001 0 -2'+ lT - .17E+OO .TqE+OO .28£+01 
38 ACOS DACOST LIN INC 1.0000000 1.000000 lOCH 1 0 16 77111 t- . 12E+OT . I ?E+07 .11£+07 
39 ACOS DACOST LIN INC -l.OOOOOC . -1 . 0000000 1001 0 -1 0 -. 11£+00 .TTE+OO .112£+00 

'10 ATAN DTAN LIN RAN -1.000000 1.000000 10()1 0 -1 1 .20£-02 .30£+00 .55£+00 
'11 ATAN DTAN EXP RAN POS 0. 20.00000 lOG I 0 -1 1 .HE-01 .10E+OO .31£+00 
'+2 ATAN DTAN EXP RAN NEG 0. 20.00000 1001 0 -1 1 -.89£-01 .12£+00 .33£+00 
'13 ATAN DTAN EXP RAN POS ) . 1069.000 1001 0 -I 1 .60£-0t' .80E-Ot' .89£-01 
'!'+ ATAN DTAN EXP RAN 1\ifG 0. 1069.000 100~ 0 -I ) -.f.OE-0? .f.!>E-0? .Hf-01 
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N FUNCTl FUNCT2 TVP DIS SGN I!EGIN 

'+5 SQRT DSQRT LIN EQU 1.000000 
'+6 SQRT DSQRT EXP RAN POS 0. 
'+7 SQRT DSQRT EXP RAN POS -97'+.0000 

'+8 EXP DEXP LIN EQU -1.000000 
'+9 EXP DEXP LIN RAN 0. 
50 EXP DEXP LIN RAN 0. 
51 EXP DEXP LIN RAN -675.0000 

52 ALOG DLOG LIN EQU 1. 00000:) 
53 ALOG DLOG LIN NOR 1.000000 
5'+ ALOG DLOG LIN NOR .5000000 
55 ~LOG DLOG LIN NOR . 5000000 
56 ALOG DLOU LIN RAN .5000000 
57 ALOG DLOG LIN INC 1.000000 
58 ALOG DLOG LIN INC 1.0000000 
59 ALOG DLOG EXP RAN POS 0. 
60 ALOG DLOG EXP EQU POS -97'+.0000 

61 ALOG10 DLOGlO LIN EQU 1.000000 
62 ALOG10 DLOGlO LIN NOR 1.000000 
63 ALOGIO DLOG10 LIN NOR .5000000 
6'+ ALOGIO OLOGIO LIN NOR .5000000 
65 ALOGlO DLOG10 LIN RAN .5000000 
66 ~LOG10 DLOG10 LIN INC 1.000000 
67 ALOGIO DLOGIO LIN INC 1.0000000 
68 ALOGIO DLOG10 EXP RAN POS·O. 
69 ALOG10 DLOG10 EXP EQU POS -97'+.0000 

70 TANH DTANHQ LIN RAN -.1000000E-01 
71 TANH DTAI'iiHQ LIN RAN -1.000000 
72 TANH DTArJHQ EXP RAN POS -5. 000000 
73 TANH DTANHQ EXP RAN NEG -5.000000 
7'+ TANH DTANHQ EXP RAN POS -'+8.00000 
75 TANH DTANHQ EXP RAN NEG -'+8.00000 

TABLE I 
(cent) 

END NUM ERS 

2.000000 1001 0 
1069.000 1001 0 

0. 1001 0 

0. 1001 0 
1.000000 1001 0 
7'+ 1. 0000 1001 0 

0. 1001 0 

2.000000 1001 0 
1.500000 1001 0 
1.500000 1001 0 
1.000000 !001 0 
1.000000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
1069.000 1001 0 

0. 1001 0 

2.000000 1001 0 
1.500000 1001 0 
1. 500000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
1069.000 1001 0 

0. 1001 0 

.1000000E-01 1001 0 
1.000000 1001 0 
5.000000 1001 0 
5.000000 1001 0 
'+8.00000 1001 0 
148.00000 1001 0 

MIN DIF MAX DIF MEAN DIF MEAN ABS STAN DEV 

-1 0 -.'+6E+OO .'+6E+OO .50E+OO 
-1 0 -.lt6E+OO .. '+6E+OO .50E+OO 
-1 0 -.'+6£+00 .'+6E+OO . 50E+OO 

-3 2 -.27£+00 .70E+OO .89E+OO 
-3 2 -.3'+E+OO .69E+OO .90£+00 
-3 2 -.36£+00 .72E+OO .93E+OO 
-2 2 -.31E+'O .66E+OO .85E+OO 

-2 I -.22£+00 .36E+OO .57£+00 
-2 1 -.3'+E+OO .'+6E+OO .61E+OO 
-2 1 -.92£-01 .'+1E+OO .65E+OO 
-2 2 .21E+OO .'+OE+OO .61E+OO _, 

2 .15£+00 .31tE+OO .57E+OO 
-2 0 -.50E+OO .50E+OO .52E+OO 
0 I .21E+OO .21E+OO .'+IE+OO r 

0 I .IOE-02 .IOE-02 .32E-OI 
0 1 .IOE-02 .IOE-02 .32£-01 

-3 I -. 77E+OO .80E+OO .71E+OO 
-3 I -.98£+00 .99£+00 . 71E+OO 
-3 3 -.68£-01 .88E+OO .IIE+Ol 
-I 3 .81E+OO .8'+E+OO .70E+OO 
-1 3 .70E+OO .7'+E+OO .66E+OO 
-3 0 -.IIE+OI .IIE+OI .t-'+E+OO 
0 2 .7'+E+OO .7'+E+OO .52E+OO 

-2 I -.56E+OO .58E+OO .514£+00 
-I 2 .56E+OO .5&E+OO .51tE+OO 

-I I - .IOE-02 .90E-02 .95E-OI 
-II 10 -.26£+00 . I'+E+OI .21E+OI 
-18 II -.57£+00 .9'tE+OO . 19E+OI 
-6 21 .22E+OO .9l'E+OO . ll'E+OI 
-9 It -.56£-01 .l'l'E-01 .514£+00 
-3 l' .314£-01 .10£+00 .S7f+OO 
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TABLE II 

COMPARI,SON OF THE RESULTS OF AlTERNATIVE COMPUTATIONS ON THE CCC 6600 UNDER SCOPE 

NUPIBER OF CC~'I\PARISONS WITH~ GIVEN DIFFERENCE IN THE COEFFICIENTS OF THE RESULTS 

N FUNCTl" FUNCT2 
DIFFERENCES IN THE COEFFICIENTS 

LESS -8 . -7 -6 -5 . -'+ -3 -2 .-1 0 1 2 3 '+ 5 6 1 8 I'IORE 

1 SIN DSIN. 0 0 6 7 6 18 1 18 28'+ 311 288 23 3 15 8 8 :. If 1 0 
2 SIN DSIN 0 6 11 10 20 37 '+ 32 60'+ 216 60 1 0 0 0 0 0 0 0 
3 SU.I DSIN . 0 1 7 10 10 . 16 0 17 278 291 31'+ 18 3 20 12 2 I I 0 
'+ 51~ DSIN 0 0 '+ 3 8 8 0 5 283 303 326 17 '+ 1~ 10 10 5 I 0 
5 sw DSIN 0 1 5 '+ 6 10 9 23 288 320 285 II 3 16 8 3 8 I 0 
6 sm DSIN 1 '+0 71 9'+ 11 '+ 68 10 0 0 0 0 1 28 110 156 150 115 lf2 . 1 
7 sw DSIN 0 0 0 1 0 0 0 0 0 0 0 0 0 65 257 256 256 163 3 
85HJ DSIN 0 170 255 258 255 63 0 0 0 0 0 0 0 !) 0 0 0 0 0 
9 SirJ DSIN 0 0 2 . 6 5 1'+ '+ 9 2'+9 296 318 18 ' 5 30 17 19 8 1 0 

10 cos DCOS 0 2 2 10 6 15 3 20 305 259 321 20 1 19 8 3 4 3 0 
11 cos ocos 1 1 8 II 13 . '+7 . 3 19 '+96 281 119 2 0 0 0 0 () 0 0 
12 cos ocos 0 2 7 6 .. 8 . 13 6 12 309 268 296 27 . 0 23 10 1 3 3 1 
13 cos ocos 0 '+ '+ 5 . 6 15 3 16 303 303 277 20 1 26 9 .. 1 .. 0 
1'+ cos ocos 0 0 8 5 13 17 5 11 291 261f 320 19 I 18 15 8 6 0 0 
15 cos DCOS 3 '+3 81 10'+ 108 .5 .. .. .o 0 0 0 0 3 68 151f 11fq 139 83 8 
16 cos ocos 0 0 0 1 . 0 0 0 0 0 0 0 0 0 65 257 256 256 163 3 
17 cos ocos· 0 170 255 258 255 63 0 0 0 0 0 . 0 0 0 0 0 0 0 0 
18 cos ocos 0 1 .3 6 . q 11f . '+ 16 365 257 265 21 3 17 I 6 10 0 0 
19 TAN DTAN 30 6 . 5 '+ 20 17 '+0 78 180 23'+ 11q 83 3q 25 12 .. 8 If 33 
20 TAI\I DTAN 0 0 1 0 2 2 11 75 309 '+09 15'+ 31 1 0 0 0 0 0 0 
21 TAN1 DTAN 0 0 0 0 0 0 0 0 0 .0 0 0 0 Q 0 0 0 0 1001 
22 TAN DTAN · 0 . 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 1001 
23 TAN DTAN 0 0 0 0 0 0 0 0 0 0 0 0 0 (i 0 0 0 0 1001 
2'+ TAN DTAN 368 7 11 1'+ 22 30 ItO 80 83 '+2 8 3 0 a 0 ·o 0 0 293 
25 TAN DTAN 3'+1 12 25 5 3 25 ItT 63 69 . 61 17 0 0 0 0 0 0 0. 333 
26 TAN DTAN 501 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 lf99 
27 TAN DTAN 1001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
28 TAN DTAN 501 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0· 0· lf99 
29 TAN DTAN . 1001 0 0 0 0 0 0 0 0 0 0 0 0 () . 0 0 0 0 0 
30 TAN DTAN 823 .. 5 3 1 2 0 2 '+ 27 '+9 .... 10 0 If 3 0 1 0 0 
31 ASJrJ DASINT 391 16 . 12 13 16 18 ~8 38 '+9 '+5 23 32 15 9 10 .. 15 }If 263 
32 ASJrJ DASINT 2'+8 9 10 1'+ 11 12 : 1 22 32 '+3 51 30 20 18. 12 15 16 15 lf12 
33 ASIN DASINT 0 0 0 0 0 0 0 0 0 0 739 262 0 0 0 0 0 0 0 
3'+ ASIN DASINT 0 0 0 0 0 0 0 262 739 0 0 0 0 0 0 0 0 0 0 
35 ACOS DACOST 187 8 12 12 19 12 26 35 63 . 85 53 60 57 '13 18 21 12 1 270 
36 ACOS DACOST 208 13 6 15 17 35 ~7 73 132 120 61 38 3'+ 26 }If 12 9 11 1'+0 
37 ACOS DACOST 10 1 0 '+ 3 '+ 6 9 235 677 17 10 3 2 5 2 1 1 11 
38 ACOS DACOST 0 0 0 0 0 0 :o 0 0 0 o· 0 0 0 0 0 0 0 1000 
39 ACOS DACOST 0 0 0 0 0 0 0 0 768 233 0 0 0 0 0 0 0 0 0 

'+0 ATAN DTAN 0 0 0 0 0 0 0 0 151 697 153 0 0 0 0 0 0 0 0 
'+I ATAN DTAN 0 0 0 0 0 0 0 0 I'+ 896 ~1 0 0 0 0 0 0 0 0 
'+2 ATAIV DTAN 0 0 0 0 0 0 0 0 10'+ 882 15 0 0 0 0 0 0 0 0 
'+3 ATAN' DTAN 0 0 0 0 0 0 0 0 I q93 1 0 0 0 0 0 0 0 0 
'+'+ ATAN DTAN 0 0 0 0 0 0 0 0 6 995 0 0 0 0 0 0 0 0 0 
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N FUNCTl FUNCT2 

'+5 SQRT DSQRT 
'+6 SQRT OSQRT 
'+7 SQRT OSQRT 

'+8 EXP ~XP 
'19 EXP DEXP 
50 EXP OEXP 
51 EXP OEXP 

52 ALOG OLOG 
53 ALOG DLOG 
5'1 ALOG DLOG 
55 ALOG DLOG 
56 ALOG DLOG 
57 ALOG DLOG 
58 ALOG DLOG 
59 ALOG DLOG 
60 ALOG DLOG 

61 ALOGlO DLOGlO 
62 ALOGlO DLOG10 
63 ALOGlO ULOGlO 
6'1 ALOGlO ULOG10 
65 ALOGlO DLOG10 
66 ALOGlO DLOGlO 
67 ALOGlO uLOGlO 
68 ALOGlO DLOG10 
69 ALOGlO DLOGlO · 

70 TANH OTANHQ 
71 TANH OTANHQ 
72 TANH DTANHQ 
73 TANH DTANHQ 
7'+ TANH OTANHQ 
75 TANH DTANHQ 

LESS 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
3 
8 
0 
1 
0 

-8 -7 -6 

0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 n 0 
0 0 0 
0 0 0 
0 '0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
2 6 8 
5 7 9 
0 0 2 
0 0 2 
0 0 0 

TABLE II 
(cont) 

DIFFERENCES IN THE COEFFICIENTS 
-5 -'t -3 ·-2 -1 0 1 2 3 't 5 6 7 8 PIORE 

0 0 0 0 '+62 539 0 0 0 0 0 0 0 () 0 
0 .o 0 0 '+57 5't't 0 0 0 0 0 0 0· 0 0 
0 0 0 0 '+60 5'+1 0 0· 0 0 0 0 0 0 0 

0 0 2 67 3'+8 380 19'+ 10 0 0 0 0 0 0 0 
0 0 6 86 326 '116 156 11 0 0 0 0 0 0 0 
0 0 8 97 323 '+02 160 11 ·o 0 0 0 0 0 0 
0 0 0 68 3'+5 't2't 153 11 0 0 0 0 0 0 0 

0 0 0 10 271 652 68 0 0 0 0 0 0 0 0 
0 0 0 9 382 5'+7 63 0 0 0 0 0 0 0 0 
0 0 0 9 23'+ 598 160 0 0 0 0 0 0 0 0 
0 0 0 't 85 606 30'+ 2 0 0 0 0 0 0 0 
0 0 0 2 90 666 . 21tl 2 0 0 0 0 0 0 0 
0 0 0 11 '+78 512 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 79'+ 207 0 0 0 0 0 0 0 0 
0 0 0 0 0 1000 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 1000 1 0 0 0 0 0 0 0 0 

0 0 't 133 508 3'+1 15 0 0 0 0 0 0 0 0 
0 0 l't 192 561 228 6 0 0 0 0 0 0 0 0 
0 0 5 81 295 273 293 51 3 0 0 0 0 0 0 
0 0 0 0 18 298 553 123 9 0 0 0 0 0 0 
0 0 0 0 21 3'19 51+6 82 3 0 0 0 0 0 0 
0 0 6 2'+5 596 15'+ 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 295 669 37 0 0 0 0 0 0 0 
0 0 0 12 5'+9 '+30 10 0 0 0 0 0 0 0 0 
0 0 0 0 10 't3't 5'+7 10 0 0 0 0 0 0 0 

0 0 0 0 5 992 't 0 0 0 0 0 0 0 0· 
16 18 51 78 226 312 1'+8 67 28 17 11 3 3 'l 'l 
13 21 3'+ '12 182 556 IO'l 9 6 'l 3 0 0 0 'l 
I 6 15 86 . 123 '+85 139 eo 'l7 1'/ l'l 't 'l 3 .. 
I 2 2 6 20 95'+ 12 0 0 1 0 0 0 0 0 
0 0 2 8 13 9'+5 'lO 5 3 'l 0 0 'l 1 0 

.. ""'~ -'- .. 'f.-.:::·' . 

?~ :,~-~i~~.:- ~:.:. <; ... J •• ' .~ .::.;"i : 
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TABLE III 

COI"lPARISON OF THE RESULTS OF ~HERNATIVE COI"lPUTATIONS ON THE CCC 660C UNDER SCOPE 

NUI"lBER OF COI"lPARISONS FOR WHICH THE DIFFERENCE IN THE COEFFICIENTS OF THE RESULT3 REQUIRES A GIVEN NUMBER OF BITS 

NUI"lBER OF SITS 
N FUNCTl FUNCT2 !'lAX 0 2 3 " 5 6 1 8 9 10 11 12 t3 1'1 15 16 17 !'lORE 

1 SIN DSIN 't 311 512 '15 12 1 J 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 SIN DSIN '+ 216 li6't 31 18 6 o) 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 SIN DSIN '+ 291 592 38 18 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
't SIN DSIN " 303 b09 26 62 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 SIN DSIN 't 320 ~13 lf6 60 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 SIN DSIN " 0 0 39 818 8'1 9 0. 0 0 0 0 0 0 0 0 0 0 0 0 
1 SIN DSIN " 0 0 0 835 166 I 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 SIN DSIN " 0 0 0 831 170 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 SIN DSIN " 296 561 36 101 1 (1 0 0 0 0 0 0 0 Cl 0 0 0 0 0 

10 cos DCOS " 259 6o26 "" 61 5 (; 0 0 0 0 0 0 0 ·0 0 0 0 0 0 
11 cos DCOS " 281 &;15 21f 19 2 c 0 0 0 0 0 0 0 (• 0 0 0 0 0 
12 cos DCOS " 268 605 lf5 11 6 0 0 0 0 0 0 0 0 t 0 0 0 0 0 
13 cos DCOS " 303 530 lfO 70 8 () 0 0 . 0 0 0 0 0 0 0 0 0 0 0 
11f cos DCOS 3 26'1 611 36 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 cos ocos " 0 0 1 851 131 (); 0 0 0 0 0 0 0 0 0 0 0 0 0 
16 cos DCOS " 0 0 0 835 166 0· 0 0 0 0 0 0 0 ) 0 0 0 0 0 
11 cos DCOS " 0 0 0 831 110 0 0 0 0 0 0 0 0 ) 0 0 0 0 0 
18 cos DCOS " 251 630 "" 69 1 0 0 0 0 0 0 0 0 ·)· 0 0 0 0 0 
19 TAN DTAN lf7 23'1 3!i9 21f0 95 31 18 1 2 1 o, 0 0 0 0 0 0 0 0 8 
20 TAN DTAN 3 lf09 '163 12'1 5 0 0 0 0 0 G 0 0 0 I 0 0 0 0 0 
21 TAN DTAN 23 0 0 0 0 0 0 0 0 0 0 0 0 0 2'111 't't't 160 162 37 5'1 
22 TAN DTAN 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
23 TAN DTAN 'II 0 0 0 0 ~ 0 0 0 0 0 0 0 0 (1 0 0 0 0 1001 
2'1 TAN DTAN 18 '12 c;1 123 11 31 162 2'13 119 71 31 19 9 " ~ 1 0 0 0 1 
25 TAN DTAN 1'1 61 86 110 58 6o) 131 201 1'19 75 38 10 7 5 1 0 0 0 0 
26 TAN DTAN '17 . 0 () 0 0 1) 0 0 0 0 0 0 0 ·0 c 0 0 0 0 1000 
27 TAN DT~N '17 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 1001 
28 TAN - DTAN '17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1000 
29 TAN DTAN 'IT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
30 TAN DTAN '17 '19 n 16 1'1 12 16 '" 17 23 13 16 26 n 19 22 '" 1.'1 21 5~9 

31 ASIN DASINT 11 '15 T1 103 97 1'tE- 107 108 122 116 79 5 1 ) 0· 0 0 0 0 0 
32 ASIN DASINT 11 '13 8J 83 108 1'11 107 117 122 11'1 7'1 8 1 ) 0 0 0 0 0· 0 
33 ASIN DASINT 2 0 73~ 262 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3'1 ASIN DASINT 2 0 73'1 262 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
35 ACOS DACOST\ 9 85 116 178 1'19 92' 66 56 91 96 71 0 0 0 . 0 0 0 ;() 0 0 
36 ACOS DACOST 7 120 193 182 13'1 99 106 95 72 0 0 0 0 (l 0 0 0 0 0 0 
37 ACOS DACOST 6 611 25t 28 21 12 10 1 0 0 0 0 0 (! 0 0 0 0 0 0 
38 ACOS DACOST 25 0 a 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 1000 
39 ACOS DACOST 1 233 768 0 0 0 0 0 0 0 0 0 0 ( 0 0 0 0 0 0 
'tO ATAN DTAN 697 30lf 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ') 0 0 
'11 ATAN DTAN 896 105 0 0 0 0 0 0 0 0 0 0 0 0 0 0 •) 0 0 
'12 ATAN DTAN 882 119 0 0 0 0 1) 0 0 0 0 0 0 0 0 0 0 0 0 
'13 ATAN DTAN 993 8 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 lflf ATAN DTAN 995 6 0 0 0 0 0 0 0 0 0 0 0· 0 0 0 II 0 0 



1:\:) 

-.J 

N FUNCTl FUNCT2 

't5 SQRT DSQRT 
'+6 SQRT DSQRT 
'+7 SQRT DSQRT 

'+8 EXP DEXP 
'+9 EXP DEXP 
50 EXP DEXP 
51 EXP DEXP 

52 ALOG DLOG 
53 ALOG DLOG 
51t ALOG DLOG 
55 ALOG OLOG 
56 ALOG DLOG 
57 ALOG DLOG 
58 ALOG DLOG 
59 ALOG DLOG 
60 ALOG DLOG 

61 ALOG10 DLOG10 
62 ALOGlO DLOG10 
63 ALOG10 DLOG10 
6'+ ALOG10 DLOG10 
65 ALOG10 DLOG10 
66 ALOG10 DLOG10 
67 ALOG10 DLOG10 
68 ALOG10 DLOG10 
69 ALOG10 DLOG10 

70 TANH DTANHQ 
71 TANH DTANHQ 
72 TANH DTANHQ 
73 TANH DTANHQ 
7'+ TANH DTANHQ 
75 TANH DTANHQ 

PIA X 0 1 2 . 3 If 

1 539 '+62 0 0 0. 
1 5'+'+ '+57 0 0 0 
1 5'+1 '+60 0 0 0 

2 380 5'+2 79 0 0 
2 '+16 '+82 103 0 0 
2 '+02 '+83 116 0 0 
2 '+2'+ '+98 79 0 0 

2 652 339 10 0 0 
2 5'+7 '+'+5 9 0 0 
2 598 39'+ 9 0 . 0 
2 606 389 6 0 0 
2 666 331 '+ 0 0 
2 512 '+78 11 0 0 
1 79'+ 207 0 0 0 
1 1000 1 0 0 0 
1 1000 1 0 0 0 

2 '3'+ 1 523 137 0 0 
2 228 567 206 0 0 
2 273 588 1'+0 0 0 
2 298 571 132 0 0 
2 3'+9 56 7 85 0 0 
2 15'+ . 596 251 0 0 
2 295 669· 37 0 0 
2 '+30 559 12 0 0 
2 't3't 557 10 0 0 

1 992 q 0 0 0 
'+ 312 371. 22'+ 82 9 
5 556 281f 91 55 1'+ 
5 '+85 262 208 39 6 
'+ 95't 32 8 6 1 
't 9'+5 33 18 't 1 

TABLE III 
{cont) 

NUI'IBER OF BITS 
5 6 7 8 9 10 11 12 13 1't 15 16 17 I'IORE 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 {) 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 () 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ·o 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 ·0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~ . , . ··~ '" ,.;·:·. 
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co 

TABLE IV 

COMPAIH SON o: THE RESULT~ CF AlTERNATIVE COPIPUTAT IONS ON THE CDC 6~o00 UNDER NOS 
' 

TEST tPARAMETBS ~JJD STATISTICS 0~ DIFFERENCES IN THE COEFFICIENTS OF THE RESULTS 

N FUNCT1 FUNCT2 TVP DIS SGN BEGIN END NUM ERS MIN DIF PiAX DIF I'IEAN DIF ~AN ABS STAN DEV 

1 SIN GSIN LIN EQU -6 28318, 6.283185 1001 0 -3 3 .J2E-OI .18E+OO .lflfE+OO 
2 SIN CSIN LIN RAN 0. 1.57•)7CIIf. 1001 0 -I I .l'tE-01 . 15f+OO .38£+00 
3 SIN DSIN LIN RAN 31'11.593 31'17.8;"6 1001 0 -I I -.IOE-01 . 26£+00 . .51E+OO 
't SIN DSIN LIN RAN 311+15:;3, 31'tl!i9c:t. j 001 0 -2 2 -.80£-02 .29£+00 .55£+00 
5 SIN DSIN LIN RPW .~11+1593£+10 .3l't:593E+IO 1001 0 -2 2 .17E-OI .21£+00 .lf6E+OO 
6 SIN DSIN LIN NOR 3. 000•)00 3. 3000(•0 moot 0 -2 1 -.5'tE-OI .37£+00 .62£+00 
7 SIN DSIN LIN INC 3.11+15"'93 3.1'115S3 1001 0 -1 12 -.20E+OO .·38£+00 .69£+00 
8 SIN DSIN LIN INC 3.11+1593 3.1'tJ51j3 1001 0 -I 3 -. 72£-01 .37£+00 .61£+00 
9 SIN D.SIN EXP RAN NEG -5.000000 '15.0(00() 1001 0 -3 If -.20£-02 .28£+00 .55£+00 

10 cos DCOS LIN EQU -6.2831.35 6.28~185 .001 0 -2 2 -.SOE-02 .29£+00 .51f~+OO 
II COS DCOS LIN RAN 0. 1.570796 :001 0 -2 I -.60£-02 .27£+00 .53£+00 
12 cos DCOS LIN RA~ 31·11.593 311+7.87~ iOOI 0 -2 I .'tOE-02 .18£+00 .lf2E+OO 
13 cos ocos LIN RA~ 3HI5S3. 311+15"99. 1001 0 -2 1 .35£-01 .29£+00 .51fE+OO 
1't cos DCOS LIN RAN .31'ti5C113E+10 .311+1593£+10 1001 0 -2 2 . 50£-02 . .28£+00 .53£+00 
15 cos DCOS LIN NOR 1.!i00000 1. 650J0•) 1001 0 -2 2 -.27£-01 .38E+OO .t-2£+00 
16 cos O(OS LIN INC 1.5707'96 1.570791) noot 0 -1 12 -.20£+00 .38£+00 .t-9£+00 
17 cos ocos LIN INC 1.570P?6 1.570r9b 1.001 0 -1 3 -. 72£-01 .37£+00 .t-1£+00 
18 cos ocos EXP RAN NEG ~. OOOOC·O 1+5.00000 1001 0 ' -8 15 .13£-01 .31£+00 .91£+00 
19 TAN DTAN LIN EQLJ -~.L831-35 6.283:8~ 1001 0-1316075671f3q3313192't751f't~8871 .23£+12 .27£+12 .50£+13 
20 TAN DTAN LIN RAil! J. 1 . 570;9E· I 001 0 -7 3 -.28£+00 .75£+00 .10£+01 
21 TAN DTAN LIN RAN 31'tl.593 31'17 .E:7E 1001 0 0 5'1.;6595 .51£+05 .51£+05 .2bf+Ob 
22 TAN DTAN LIN RAN 31 '11593. 31'115~·9. 1001 0 0 23'fb03290't .16£+08 .1bE+08 .85£+08 
23 TAN DTAN LIN RAN .31't1593E+IO .31'f1593f+10 1001 0 0 1516616752882 .I bE+ It .lbf+ll . 70£+11 
2'1 TAN DTAN LIN NOR . ~.50000:l 1.650(00 1001 0 -139151 3159 -.15£+03 .21fE+03 .lflff+Oif 
25 TAN DTAN UN NOR J. O:lOOO·J 3.300000 1001 0 -7679 8705 .11ff+02 .11£+03 .lf9E+03 
26 TAN DTAN LIN INC ; .5707C?o 1.5707'96 1001 I••••••••••••••• lf81281952q3719 -.llf£+12 .8bE+I2 .55£+13 
27 TAN DTAN LIN INC 1.5r07St, 1.570N6 1001 0-708't6690961571f 0 -.89£+11 .89£+11 .22£+13 
28 TAN DTAN LIN INC ::. H151jJ 3. 1'11593 1001 I••••••••••••••• 373875555E01flf5 -.16£+12 .83£+12 .52F-+13 
29 TAN DTA~! LIN INC ~.l'ii59J 3.1'tl5=l3 1001 o ............... 0 -.15£+12 .15[+12 .lf2E+13 
30 TAN DTAN EXP RAN NEG -5.000000 '15.000)0 IC01 23••·········· ... 7 -.29£+13 .29£+13 .15E+11f 
31 ASIN DASINT LIN EQU 0. I. OOOMO 1001 0 -I 2 .18£+00 .33£+00 .5bE+OO 
32 ASIN DASINT LIN EQU -1.00000( 0. 1001 0 -2 I -. 1 'tE+OO .30£+00 .55£+00 
33 ASIN DASINT LIN INC -I.OCOOO: -1.000000 1001 0 0 1 .28£+00 .2llf+OO .lf5E+OO 
3'1 ASIN DASINT LIN INC I. OCOOO•J 1.000050 1001 0 -I 0 -.28£+00 .28£+00 .lf5E+OO 
35 ACOS DACOST LIN EQU 0. 1.0000(10 1001 0 -I 1 -.19£+00 . 2·3£+00 .lflfE+OO 
36 ACOS DACuST LIN EQU -1.000000· 0. 1001 0 -I I -.12£+00 .12£+00 .33£+00 
37 ACOS DACOST LIN NOR - . .!000000 .. I OOOOCO 1001 0 -I 0 -.21fE+OO .21fE+OO .lf3E+OO 
38 ACOS DACOST LIN INC I 000000 1.0000CO 1001 0 -2 2 -.30£-01 .52£+00 . 71£+00 
39 ACOS DACOST LIN INC -1.00:l000 -1 . 000000 1001 0 -1 0 -.50£-02 .50£-02 .71E-01 
'tO ATAN DTAN LIN RAN -I. 00·)00( 1. 000000 1001 0 -I 1 .IBE-01 .25£+00 .50£+00 
'11 ATAN DTAN fXP RAN POS 0. 20.00000 1001 0 -1 1 .20£+00 .21ff+OO .lf5E+OO 
'12 ATAN DTAN EXP RAN r~G 0 .. 20.0000:l 1001 0 -1 1 -. 22£+00 .25£+00 .lfbf+OO 
't3 ATAN DTAN EXP RAN POS 0. 1069.00) I 001 0 0 I . 17£-01 .17f-OI . 13f+OO 
~If ATAN DTAI\i E"XP RAN NEG 0. 1069.00) 1001 0 -I I -.13£-01 .15f-01 . l?f+OO 



t\:1 
CD 

rJ FUNCTl FUNCT2 TVP DIS SGN BEGIN 

'15 SQRT DSQRT LIN EQU 1.000000 
'16 SQRT DSQRT EXP RAN POS 0. 
'17 SQRT DSQRT ·EXP RAN POS -97'1.0000 

'18 EXP DEXP LIN EQU -1.000000 
'19 EXP DEXP LIN RAN 0. 
5•0 EXP DEXP LIN RAN 0. 
51 EXP DEXP LIN RAN -675.0000 

:2 ALOG DLOG LIN EQU 1.000000 
=-3 ALOG DLOG LIN NOR 1.000000 
5'1 ALOG CLOG LIN NOR .5000000 
55 ALOG DLOG LIN NOR .5000000 
56 ALOG DLOG LIN RAN .5000000 
57 ALOG DLOG LIN INC 1.000000 
58 ALOG DLOG LIN INC I. 000000 
;9 ALOG DLOG EXP RAN POS 0. 
60 ALOG DLOG EXP EQU POS -97'1.0000 

61 ALOGIO DLOGIO LIN EQU 1.000000 
62 ALOGIO DLOGIO LIN NOR . :. 000000 
63 ALOGIO DLOGIO LIN NOR .5000000 
6'1 ALOGIO DLOGIO LIN NOR .5000000 
65 ALOGIO DLOGIO LIN RAN .5000000 
66 ALOGIO DLOGIO LIN INC 1. 000000 
67 ALOGIO DLOGIO LIN INC 1.000000 
68 ALOGJO DLOGIO EXP RAN POS 0. 
69 ALOGIO DLOGln EXP EQU POS -97'1.0000 

70 TANH DTANHQ LIN RAN -.IOOOOOOE-01 
71 TANH DTANHQ LIN RAN -1.000000 
72 TANH DTANHQ EXP RAN POS -5.000000 
73 TANH DTANHQ EXP RAN NEG -5.000000 
7'1 TANH OTANHQ EXP RAN POS -'18.00000 
75 TANH OTANHQ EXP RAN NEG -'18.00000 

TABLE IV 
(cont) 

END NUPl · ERS 

2.000000 1001 0 
1069.000 . 1001 0 
0. 1001 ' 0 
0. 1001 0 
1.000000 1001 0 
7'11.0000 1001 0 
0. 1001 0 

2.000000 1001 0 
1.500000 1001 0 
1.500000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
1069.000 1001 0 
0. 1001 0 

2.000000 1001 0 
1.500000 1001 0 
1.500000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
I. 000000 1001 0 
1069.000 1001 0 
0. 1001 0 

.IOODnOOE-01 1001 0 
I. 000000 · 1001 0 
5.000000 1001 0 
5.000000 1001 0 
'18.00000 ' 1001 ·o 
.. ~.00000 1001 0 

,'•··.:--·.• 

PliN DlF f!IAX DIF I'EAN OIF !'(AN ABS STAN OEV 

-1 1 ·.15E-01 .20E+OO .'15E+OO 
-1 1 .20E-01 .96E-OI .31E+OO 
-I I .19E-OI .87E-OI .29E+OO 

-I 1 -.JOE+OO .32E+OO .55E+OO 
-I I -.26E-OI .25E+OO .50E+OO 
-I I -.27E-OI .26E+OO .51E+OO 
-2 I - .IIE+OO .33E+OO .57£+00 

. -1 I .'12£-01 .27£+00 .5JE+OO 
-I I -.19E-OI. .25E+OO .50E+OO 
-I 2 .JOE-OJ .'I'IE+OO .HE+OO 
-I I -.58E-OI .20E+OO .'llf£+00 
-I 2 .90E-02 .29E+OO .55E+OO 
-I I -.12E+OO .39E+OO .t-1£+00 
0 I .'16E+OO .lf6E+OO .50E+OO 

-I I .18E+OO .25E+OO .lff.£+00 
-I 1 -.17£+00 .25E+OO .lf7E+OO 

-2 I -.52£+00 .57E+OO .f.lf£+00 
-2 I -·.67E+OO .67E+OO .59£+00 
-3 3 .97£-01 . 77E+OO .IOE+OI 
-I 3 .56E+OO .5~E+OO .59£+00 
-I 3 .56E+OO .61£+00 .t-6£+00 
-3 I -.75£+00 .76E+OO .t-6E+OO 
0 3 .99£+00 .99£+00 .52£+00 

-2 I -.lf2E+OO .lf~£+00 .59£+00 
-I ? .lf3E+OO .lf6E+OO .5~£+00 

-I I -.JOE-0? .90£-02 .95£-01 
-9 10 -.3f.f-01 .1?£+01 .19E+OI 

-12 9 -.30£+00 .75£+00 .15£+01 
-5 I? .35£+00 .96£+00 .16f+OI 
-9 3 -.30E-OI .l~f-01 .lf~f+OO 
-3 7 .nf-01 .96f-01 .51F+OO 



.:,.., 
0 TABLE V 

CJMPARISON OF THE RESUL -s OF AI TERrJATIVE COMPUTATIONS ON THE CDC ~t-OO UNDER NOS 

NUME>ER OF COf'lPARISONS WITH A GfVEN DFFERENCE IN THE COEFFICIENTS OF THE-RESULTS 

DIFFERENCES IN THE COEFFICIENTS 
N FUI\JC Tl FUNCT2 LESS -8 -7 -6 -5 -'+ _.., 

-· -2 -1 0 1 2 3 '+ 5 6 7 8 I'IORf 

1 SIN DSIN 0 0 0 0 0 0 t 0 83 821 95 0 1 0 0 0 0 0 0 
2 SIN DSIN 0 0 0 0 0 0 0 0 67 853 81 0 0 0 0 0 0 0 0 
3 SIN DSIN 0 0 0 0 ·0 0 0 0 133 7'15 123 0 0 0 0 0 0 0 0 
If SH~ DSIN 0 0 0 0 () 0 0 I 1'18 712 138 2 0 0 0 0 0 0 0 
5 SirJ DSIN 0 0 0 0 0 0 0 1 93 796 110 1 0 0 0 0 0 0 0 
6SW DSIN 0 0 0 0 0 0 (} 8 19'+ 6'+3 156 0 0 0 0 0 0 0 0 
7 SI~I DSIN 0 0 0 0 0 0 0 0 2'91 629 80 0 0 0 0 0 0 0 I 
8 SIN DSIN 0 0 0 0 D 0 0 0 221 63'1 l'+'t I I 0 0 0 0 0 0 
9 SIN DSIN 0 0 0 0 0 _0 1 0 1'+0 723 135 I 0 I 0 0 0_ 0 0 

10 cos DCOS 0 0 0 0 ;) 0 0 1 1'16 716 136 2 0 0 0 0 0 0 0 
II COS DCOS 0 0 0 0 I) 0 0 1 138 728 13'+ 0 0 0 0 0 0 0 0 
12 cos DCOS 0 0 0 0 0 0 0 I 8'1 826 90 0 0 0 0 0 0 0 0 
13 cos ocos 0 0 0 0 rQ 0 0 1 128 707 165 0 0 0 0 0 0 0 0 
1'+ cos DCOS 0 0 0 0 0 0 0 2 133 725 I 'tO I 0 0 0 0 0 0 0 
15 cos DCOS 0 0 0 0 (I 0 0 3 !97 628 170 3 0 0 0 0 0 0 0 
16 cos ocos 0 0 0 0 0 0 0 0 291 629 80 0 0 0 0 0 0 0 I 
17 cos DCOS 0 0 0 0 ( I) 0 0 221 63'1 llf't I I 0 0 0 0 0 0 
18 cos DCOS 0 I n 0 !'!. 2 2 I 123 7'15 120 5 0 0 0 0 0 0 2 

19 TAN DTAN 30 6 5 '+ 20 17 40 78 180 23'+ I 79 83 39 25 12 If B If 33 
20 TAN DTAN 0 0 1 0 l 2 ?I 75 309 '109 15'1 31 1 0 0 0 0 0 0 
21 TAN DTAN 0 0 0 0 0: 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
22 TAN DTAN 0 0 0 0 0: (I 0 0 0 0 0 0 0 0 0 0 0 0 1001 
23 TAN DTAN 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 1001 
2'1 TAN DTAN 368 7 II I'+ 22 3C '!0 80 83 '12 8 3 0 0 0 0 0 0 293 
25 TAN DTAN lift !2 25 5 3 25 lf7 63 69 61 11 0 0 ~- 0 0 0 0 333 
26 TAN DTAN 5"01- 0 0 0 0 0 :0 0 0 0 0 0 0 0 0 0 0 0 '199 
27 TAN DTAN 1001 0 0 0 (o 0 ;() 0 0 0 0 0 0 0 0 0 0 0 0 
28 TAN DTAN 5:ll 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 '199 
29 TAN DTAN 10-JI 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 
30 TAN OTAN 813 5 3 I 2 0 2 If 27 '19 .... 10 0 .. 3 0 I 0 0 

31 ASIN DASINT 0 0 0 0 0' 0 0 0 7'+ 680 239 B 0 (l 0 0 0 0 0 
32 ASIN DASINT- 0 0 0 0 0 0 ] 10 200 713 18 0 0 (i 0 0 0 0 0 
33 ASIN DASINT 0 0 0 0 0 0 0 0 0 721 280 0 0 r 0 0 0 0 0 
3'1 ASIN DASINT 0 0 0 0 0 0 0 0 280 721 0 0 0 •( 0 0 0 0 0 

35 ACOS DACOST 0 0 0 0 0 0 tJ 0 208 77'1 19 0 0 0 0 0 0 0 0 
36 ACOS DACOST 0 0 0 0 0 0 0 0 122 B16 3 0 0 0 0 0 0 0 0 
37 ACOS DACOST 0 I) 0 0 0 0 0 0 2'10 761 0 0 0 [) 0 0 0 0 0 
38 ACOS DACOST ;() 0 0 0 0 0 0 !B 239 515 213 16 0 0· 0 0 0 0 0 
39 ACOS DACOST () 0 0 0 0 0 (i 0 5 996 0 0 0 } 0 0 0 0 0 

'tO ATAN DTAN 0 0 0 0 0 0 0 0 116 751 13'1 0 0 0 c 0 0 0 0 
'tl ATAN DTAN 0 (I 0 0 0 0 0 0 21 15B 222 0 0 I) 0 0 0 0 0 
'12 ATAN DTAN 0 (! 0 0 0 0 0 0 235 1'11 19 0 0 0 0 0 0 0 0 
'13 ATAN DTAN 0 0 ·0 0 0 0 () 0 0 9B't 17 0 0 0 0 0 0 0 0 
't't ATAN DTAN :) (} () 0 0 0 0 0 l't 9B6 1 0 0 0 0 0 0 0 0 



w 
...... 

N FUNCH FUNCT2 

'+5 SQRT DSQRT 
'+6 SQRT DSQRT 
'+7 SQRT DSQRT 

'+8 EXP DEXP 
lf9 EXP DEXP 
50 EXP DEXP 
51 EXP DEXP 

52 ALOG DLOG 
53 ALOG . DLOG 
5'+ ALOG DLOG 
55 ALOG DLOG 
56 ALOG DLOG 
57 ALOG DLOG 
58 ALOG DLOG 
59 ALOG DLOG 
60 ALOG DLOG 

61 ALOGIO DLOGIO 
62 ALOGD DLOGIO 
63 ALOGIO DLOGIO 
6'+ ALOGIO DLOGIO 
65 AL0610 DLOGIO 
66 ALOGIO DLOGIO 
67 ALOGlO DLOGlO 
68 ALOGlO DLOGIO 
69 ALOGJO DLOGlO 

70 TANH DTANHQ 
71 TANH DTANHQ 
72 TANH DTANHQ 
73 TANH DTANHQ 
7'1 TANH DTANHQ 
75 TA~JH DTANHQ 

LESS 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

·O 
0 
0 
0 
0 
0 

0 
I 
3 
0 
I 
0 

-8 -7 -6 -5 -'+ 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 o. 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 .o 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 () 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
1 6 6 1 8 
3 '+ '+ 8 10 
0 0 0 1 2 
0 0 I 0 2 
0 0 0 0 0 

·. 

TABLE V 
(cont) 

DIFFERENCES IN THE COEFFICIENTS 
-3 -2 -I 0 I 2 3. If· 5 6 1 8 I'IORE 
0 . 0 93 800 108 0 0 0 0 0 0 0 0 
0 0 38. 905 58 0 0 0 0 0 0 0 0 
0 0 3'+ 91'+ 53 0 0 0 0 0 0 0 0 

0 0 209 683 109 0 0 0 0 0 0 0 0 
0 0 139 7'+9 113 0 0 0 0 0 0 0 0 
0 0 1'+3 7'+2 H6 0 0 0 0 0 0 0 0 
0 I 220 670 110 0 0 0 0 0 0 0 0 

0. 0 112 735 15'1 0 0 0 0 0 0 0 0 
0 0 137 7'+6 118 0 0 0 0 0 0 0 0 
0 0 216 562 220 3 0 0 0 0 0 0 0 
0 0 127 805 69 0 0 0 0 0 0 0 0 
0 0 1'+3 110 1'+'+ If 0 0 0 0· 0 0 0 
0 0 258 609 13'1 0 0 0 0 0 0 0 0 
0 0 0 536 ' '165 0 0 0 0 0 0 0 0 
0 0 35 75'1 212 0 0 0 0 0 0 0 0 
0 0 208 75'+ 39 0 0 0 0 0 0 0 0 

0 52 lflf5 '178 26 0 0 0 0 0 0 0 0 
0 63 5'+7 390 I 0 0 0 0 0 0 0 0 
I 35 262 361 259 76 7 0 0 0 0 0 0 
0 0 II '+53 501 35 I 0 0 0 0 0 0 
0 0 28 '+'18 '166 56 3 0 0 0 0 0 0 
'+ 107 530 353 1 0 0 0 0 0 0 0 0 
0 0 0 lifO 730 130 1 0 0 0 0 0 0 
0 28· 39'1 553 2b 0 0 0 0 0 0 0 0 
0 0 19 563 392 21 0 0 0 0 0 0 0 

0 0 5 992 If 0 i) 0 0 0 0 0 0 
'+2 69 217 332 172 11 33 lb 10 2 2 2 If 
28 3'+ 182 572 llb 17 10 l- 3 0 0 0 I 
8 79 113 lf8b 151 87 ~2 )If )If l- ? ? If 
I 5 18 955 !If 2 ? 0 0 0 0 0 0 
3 1 !If 91fb 19 f. ? ? 0 0 ? 0 0 
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TABLE VI 

CO~PARISO~ OF THE RESULTS OF ALTERNATIVE CO~PUTATIONS ON THE CO€ 6600 UNDER NOS 
' 

NU~BER OF CO~PARI.SON~. FOR WHICH Tt·E DIFFERENCE IN THE 'COEFFICIENTS OF THE RESULTS RE~UIRES A GIVEN NUI'IBER OF BITS 

NU~BER OF BITS 
N FUNCTl FUNCT2 ~~X 0 2 3 I+ 5 6 7 8 9 10 II 12 13 )If 15 16 17 !'lORE 

1 SIN OS IN 2 821 178 2 0 0 G 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 SIN DSIN I 853 tlf8 0 0 0 0 0 0 0 0 0 0 0 (I 0 0 0 0 0 
3 SII\i DSIN I 71+5 256 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 
I+ SIN OS IN 2 712 266 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 SIN OS IN 2 796 203 2 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 
6 SIN OS IN 2 61+3 350 8 0 0 0 0 0 0 0 0 0 0 0 0 0 .o 0 0 
7 SIN DS1N '+ 629 371 0 0 I () 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 SIN DSIN ' 63'+ 365 2 0 0 0· 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 SIN DSIN 3 723 2T5 2 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 cos DCOS 2 716 282 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 cos DCOS " 728 272 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. 
12 cos ocos .. 826 171f I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4. 

13 cos DCOS 2 707 293 I 0 0 0 0 0 0 0 0 0 0 0 0 g. 0 0 0 
II+ COS ocos 2" 725 27.3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 cos DCOS t 628 36! 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
16 cos DCOS " 629 371 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
17 cos DCOS 2 63'+ 365 2 0 0 0 0 0 0 0' 0 0 0 0 0 0 0 0 0 
18 cos DCOS l; 71+5 2lfl 8 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

19 TAN DTAN 1+7 23'+ 35~ 21+0 95 3' 18 7 2 I 0 0 0 t() 0 0 0 0 0 (I 
20 TAN DTAN 3 1+09 1+63 121+ 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
21 TAN OTAN 23 0 (I 0 0 0 0 0 0 0 0 0 0 0 ?If If lflflf It-O t-2 37 lj't 
22 TAN DTAN 32" 0 •. 0 0 G 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 " 23 TAN DTAN 1+1 . 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
2'+ TAN · DTAN 18 1+2 91 123 77 31 162 2~3 119 71 31 19 9 If I I 0 0 0 I 
25 TAN DTAN II+ 61 86 llO 58 6(• ~ 31 207 llf9 75 38 10 7 ; 3 I 0 0 0 0 
26 TAN DTAN 1+7 0 0 0 0 0 .0 0 0 0 0 0 0 ) 0 0 0 0 0 1000 
27 TAN DTAN 1+7 0 0 0 0 c 0 0 0 0 0 0 0 ;) 0 0 0 0 0 1001 
28 TAN DTAN 1+7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1000 
29 TAN DTAN 1+7 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
30 TAN OTAN 1+7 1+9 71 16 II+ 12 16 II+ 17 ?3 13 It- 2l- n 19 22 )If ?If 21 ljf-9 

31 ASIN DASINT 2 680 313 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 
32 ASIN DASINT 2 713 278 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
33 ASIN DASINT I 721 280 0 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 
31+ ASIN DASINT I 721 280 0 0 0 0 0 0 0 0 0 0 C· 0 0 0 0 0 0 

35 ACOS OACOST I 7H 227 0 0 0 0 0 0 0 0 0 0 G 0 0 0 0 0 0 
36 ACOS OACOST I 876 125 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 
37 ACOS DACOST I 761 2140 0 0 0 0 0 0 0 0 0 0 G 0 0 0 0 0 0 
38 ACOS OACOST 2 515 '+52 31f 0 0 0 ·) 0 0 0 0 0 0 0 0 0 0 0 0 
39 ACOS DACOST I 996 5 0 0 0 0 •) 0 0 0 0 0 0 0 0 0 0 0 0 

1+0 ATAN DTAN 751 250 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 
lit ATAN DTAN 758 2'+3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1+2 ATAN DTAN 714 7 2514 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1+3 ATAN DTAN 981+ 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 
1+1+ ATAN OTAN 986 15 0 0 0 0 0 0 0 0 0 0 0 f.) 0 0 0 0 () 



TABLE VI 
(cont) 

NUI'lBER OF BITS 
N FUNCTl FUNCT2 1'1AX 0 '1 2 3 't 5 ' 6 7 8 9 10 11 12 13 l't 15 16 17 PIORf 

't5 SQRT OSQRT 1 800 201 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
't6·SQRT OSQRT 1 905 • 96 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
't7 SQRT OSQRT 1 9l't 87 0 0 0 0 0 0 0 0 ' 0 0 0 0 0 0 0 0 0 

't8 EXP OEXP 1 683 318 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
't9 EXP OEXP 1 7't9 252 0 0 0 0 0 0 .. 0 0 0 0 0 0 0 0 0 0 0 
50 EXP OEXP 1 7't2 259 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
51 EXP OEXP 2 670 .330 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

52 ALOG OLOG 1 735 266 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 
53 ALOG DLOG 1 7't6 255 0 0 0· 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5't ALOG OLOG 2 562 't36 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
55 ALOG OLOG 1 805 196 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 0 
56 ALOG rLOG 2 710 287 't 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
57 ALOG DLOG 1 609 392 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
58 ALOG DLOG 1 536 't65 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 
5~ ALOG DLOG 1 75't 2't7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
60 ALOG DLOG I 75't 2't7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

61 ALOG10 DLOGIO 2 't78 't71 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
62 ALOG10 DLOG10 2 390 5't8 63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 
63 ALOG10 DLOGlO 2 361 521 119 0 . ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
blf ALOG10 OLOGIO 2 't53 512 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
65 ALOGIO DLOG10 2 't't8 't9't 59 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
66 ALOGIO DLOG10 2 353 537 111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
67 ALOGIO DLOG10 2 I 'tO 730 131 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
68 ALOGIO OLOG10 2 553 't20 28 0 0 ·o 0 0 0 0 0 0 0 0 0 0 0 0 0 
69 ALOG10 DLOGIO 2 563 'tll 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

70 TANH DTANHQ I 992 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
71 TANH DTANHQ 't 332 389 215 57 8 0 0 0 0 0 0 0 0 0 0 0 0 0 o· 
72 TANH DTANHQ 't 572 298 89 35 7 0 ·o 0 0 0 0 0 0 0 0 0 0 0 .0 
73 TANH DTANHQ 't 't86 26't 206 . 39 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7't TANH DTANHQ 't 955 32 10 3 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
75 TANH DTANHQ 3 9't6 33 18 't 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

;,.~··:·· .,,; ' ....... 
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TABLE VII 

CO~PARISON OF THE RESULT~ OF ALTE~NATIVE COMPUTATIONS ON THE CONTROL DATA 7600 

TEST PARAMETEijS AND STATISTICS ON DIFFERENCES IN THE COFFFICIENTS OF THE RESULfS 

N FUNCT1 FUNCT2 TVP DlS SGN BEGIN END NUM ERS MIN DIF 111AX DJF I'IEAN DJF I'IEAN ABS STAN DEV 

1 SIN DSIN LINEQU -6.283185 6.283185 1001 0 -3 3 .12E-OI .18E+OO .lflfE+OO 
2 SIN OSIN LIN RM 0. 1.5D796 1001 0 -I I .llfE-01 .15£+00 .38E+OO 
3 SIN DSIN LIN RAN 31'11.593 31'+7.876 1001 0 -I I -.IOE-01 .26E+OO .51E+OO 
'I SIN CSIN LIN RAN 31'11593. 31'11)99. 1001 0 -2 2 -.80E-02 .29E+OO .55E+OO 
5 SIN DSIN LIN RAN .31'11592:£+10 .31'11593E+IO 1001 0 -2 2 .17E-01 .21E+OO .'16E+OO 
6 SIN DSIN LIN NOR 3.00000C 3.300000 1001 0 -2 I -.5'+E-OI . 37E+OO · .62E+OO 
7 SIN DSIN LIN INC 3.1'11593 3.1'1_593 1001 0 -I 12 -.20E+OO .38E+OO .69£+00 
8 SIN DtSIN LIN INC 3.1'11593 3.1'1:593 .1001 0 -I 3 -. 72E-01 .37E+OO .61E+OO 
9 SIN DSIN EXP RAN NEG -5.000000 '15.00000 1001 0 -3 'I -.20E-02 .28E+OO .55£+00 

10 cos ocos LIN EQU -6.283185 6.28~:185 i001 0 -2 2 -.80E-02 .29E+OO .51fE+OO 
II COS ocos LIN RAN 0. 1.57(796 1001 0 -2 I -.60E-02 .27E+OO .53£+00 
12 cos ocos LIN RAM 31'11.593 31 'f7 .876 1001 0 -2 I .'+OE-02 .18£+00 .'+2E+OO 
13 cos DCOS LIN RAN 31'11593. 31'+1599. 1001 0 -2 I .35E-01 .29E+OO .51fE+OO 
1'1 cos ocos LIN RAN .31'11593E+IO .31'11593E+IO !001 0 -2 2 .50E-02 .28E+OO .53E+OO 
15 cos ocos LIN NOR 1.500000 I. 650000 _001 0 -2 2 -.27£-01 .38E+OO .62£+00 
16 cos ocos LIN INC 1.570796 I. 57()796 :001 0 -I 12 -.20E+OO .38£+00 .69E+OO 
17 cos ocos LIN INC I. 570796 I. 5 7()796 iOOI 0 -I 3 -.72E-01 .37£+00 .61£+00 
18 cos ocos EXP RAN N~G -5.000000 '15. 00.:>00 1001 0 -8 15 .13E-OI .31E+OO .91£+00 

19 TAN DTAN LIN EQU -6.283185 6.283185 1001 0-131607567~3'13313192'175'1~8871 .23E+I2 .27£+12 .50£+13 
20 TAN DTAN LIN RAN 0. 1.570'96 !001 0 -7 3 -.IOE+OO .76£+00 .IIE+OI 
21 TAN DTAN LIN RAN 31'11.593 31'17.876 1;()01 0 0 51466596 .51E+05 .51E+05 .26£+06 
22 TAN DTAN LIN RAN 31'11593. 31'1!599. 1001 0 0 23'1603290'1 .16E+08 .16£+08 .85E+08 
23 TAN DTAN LIN RAN . 31'fi593E+IO .31'11~93E+IO 1001 0 0 15166161'52882 .16E+II .16E+II .70£+11 
2'+ TAN DTAN LIN NOR 1.500000 1.650000 1001 0 -139151 3158 -.15E+03 .211£+03 .lllff+Oif 
25 TAN DT~N LIN NOR 3.000000 3.300000 1001 0 -1679 8705 .111£+02 .IIE+03 .149£+03 
26 TAN DlliN LIN INC · I. 570796 1.570i96 1 ~01 I••••••••••••••• 118128195293719 -.llfE+I2 .86£+12 .55£+13 
27 TAN DJAN UN INC 1.570796 1.570196 lJOI 0-708116690961573 0 -.89E+II .89£+11 .22E+I3 
28 TAN DTAN LIN INC 3.1111593 3.1'11593 DOl I••••••••••••••• 37387555560'1'15 -.16E+I2 .83£+12 .52E+I3 
29 TAN DTAN lIN INC 3.1'+1593 3.1'+1593 100 I O••••••••••••••• 0 -.15E+I2 .15E+I2 .lf2E+I3 
30 TAN DTAN EXP RAN NEG -5.000000 '15.00000 1001 23•••············ 7 -.29E+I3 .29£+13 .15f+llf 

31 ASIN DASINT LIN EQU 0. I. 0000.00 1101 0 -I 2 .18E+OO .33E+OO .56£+00 
32 ASIN DASINT LIN EQU -1.000000 0. 1~01 0 -2 I -. llfE+OO .30E+OO .55E+OO 
33 ASIN DASINT LIN INC -1.000000 -I. 000000 1001 0 0 I .28£+00 .28E+OO .lf5E+OO 
3'1 ASIN DAS INT LIN INC 1.000000 1.0000:>0 1001 0 -I 0 -.28£+00 .28£+00 .lf5f+OO 

35 ACOS DACOST LIN EQU 0. I. 0000·)0 I COl 0 -I I -.19£+00 .23E+OO .lflf£+00 
36 ACOS OACOST LIN EQU -I. 000000 0. I COl 0 -1 I - .12E+OO .12£+00 .33£+00 
37 ACOS DACOST LIN NOR -.1000000 .1000000 1001 . 0 -I 0 -.211£+00 .211E+OO .lf3E+OO 
38 ACOS DACOST LIN INC 1.000000 I. 0000&0 1001 0 -2 2 -.30£-01 .52£+00 . 77£+00 
39 ACOS DACOST LIN INC -1.000000 -1.000080 1001 0 -I 0 -.50E-02 .50£-02 .11£-01 

'10 ATAN DTAN LIN RAN -1.000000 1.0000(10 I 0·:> I 0 -I I . 18£-01 .25£+00 . 50£+00 
'II ATAN DTAN EXP RAN POS 0. 20.000(·0 10:>1 0 -I I .18E+OO .21ff+OO .lf5f+OO 
'12 ATAN DTAN EXP RAN NEG 0. 20.000(0 10)1 0 -I I -.20£+00 .25£+00 .lfl-f+OO 
'13 ATAN DTAN EXP RAN POS ·o. !069.0CO 1001 0 0 I .17£-01 .17£-01 . 13£+00 
'+'! ATAN DTArJ EXP RAN NEG 0. 1069.0GO 1001 0 -I I -.12£-01 .llff-01 . l?f+OO 
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N FUNCT1 FUNCT2 TVP DIS SGN· BEGIN . . 

1+5 SQRT DSQRT LIN EQU 1.000000 
'16 SQRT DSQRT EXP RAN POS 0. 
1+7 5QRT OSQRT EXP RAN POS -971+.0000 

1+8 EXP DEXP LIN EQU -I. 000000 
1+9 HP DEXP LJN RAN 0. 
50 'EXP DEXP LIN RAN 0. 
51 EXP DEXP UN RAN . -675.0000 

52 ALOG DLOG LIN EQU 1.000000 
53 ALOG DLOG . LIN NOR 1.000000 
51+ ALOG DLOG 'LIN NOR .5000000 
55 ALOG DLOG LIN NOR .5000000 
56 ALOG DLOG LIN RAN .5000000 
57 ALOG DLOG LIN INC 1.000000 
58 ALOG DLOG LIN INC 1.000000 
59 ALOG DLOG EXP RAN POS 0. 
60 ALOG DLOG EXP EQU POS -971+.0000 

61 ALOGIO DLOGIO LIN EQU 1.000000 
62 ALOGIO DLOGIO LIN NOR 1.000000 
63 ALOGIO DLOGIO LIN NOR .5000000 
61f ALOGIO DLOGIO LIN NOR ;5000000 
65 ALOGIO DLOGIO LIN RAN .5000000 
66 ALOGIO DLOGIO LIN INC 1.000000 
67 ALOGIO DLOGIO LIN INC 1.000000 
63 ALOG10 DLOG10 EXP RAN POS 0. 
69 ALOG10 DLOG10 EXP EQU POS -971f.OOOO 

70 TANH · DTANHQ LIN RAN -.IOOOOOOE-01 
71 TANH ' DTANHQ LIN RAN -I. 000000 
72 TANH DTANHQ EXP RAN POS -5.000000 
73 TANH DTANHQ EXP RAN NEG -5.000000 
ilf TANH DTANHQ EXP RAN POS -lf8.00000 
i5 TANH DTANHQ EXP RAN NEG -lf8.00000 

TABLE VII 
(cont) 

END NUM ERS 

2.000000 1001 0 
.. 1069.000 1001 0 

0. 1001 0 

0. 1001 0 
1.000000 1001 0 
71+1.0000 1001 0 
0. 1001 0 

2.000000 1001 0 
1.500000 1001 0 
1.500000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
I. 000000 1001 0 
1069.000 1001 0 
0. 1001 0 

2.000000 1001 0 
1.500000 1001 0 
1.500000 1001 0 
1.000000 1001 0 
1.000000 1001 0 
I. 000000 1001 0 
1.000000 1001 0 
1069.000 1001 0 
0. 1001 0 

.IOOOOOOE-01 1001 0 
1.000000 1001 0 
5.000000 1001 0 
5.000000 1001 0 
lf8.00000 1001 0 
lf8.00000 1001 0 

: 
:·. 

-~ .. ~·:-: ······""" ~ 

MIN DIF MAX DIF I"EAN OIF !lEAN ABS STAN OEV 

-1 1 .15E-01 .20E+OO .lf5E+OO 
-1 1 .20E-Ol .96£-01 .31£+00 
-I 1 .19E-01 .87£-01 .29£+00 

-1 I -.IOE+OO .32£+00 .55£+00 
-1 I -.26E-01 .25E+OO .50£+00 
-1 1 -.27E-Ol .26£+00 .51£+00 
-2 1 -.llE+OO .33E+OO .57£+00 

-I I .lf2E-01 .27£+00 .51£+00 
-1 I -. 19E-01 .25E+OO .50£+00 
-I 2 .10E-01 .lflfE+OO .67£+00 
-I 1 -.58E-01 .20£+00 .lflfE+OO 
-1 2 .90E-02 .29E+OO .55£+00 
-I 1 -.12£+00 .39E+OO .61£+00 

' 0 1 .lf6E+OO .lf6E+OO .50£+00 
-I I .18E+OO .25£+00 .lff.E+OO 
-1 I -.17£+00 .25£+00 .lf7E+OO 

-2 I -.52£+00 .57£+00 .61fE+OO 
-2 I -.67E+OO .67£+00 .59£+00 
-3 3 .97£-01 . 71£+00 .10E+OI 
-I 3 .56E+OO .58£+00 .59£+00 
-I 3 .56E+OO .61£+00 .66£+00 
-3 I -.75£+00 .76E+OO .66£+00 
0 3 .99E+OO .99£+00 .52£+00 

-2 I -.lf2E+OO .lftiE+OO .59£+00 
-1 2 .lf3E+OO .lf6E+OO .5t1E+OO 

-1 I -.10£-02 .90£-02 .95£-01 
-9 10 -.61fE+OO .13£+01 .19£+01 

-16 5 .-.53£+00 .tllfE+OO .17£+01 
-7 10 -.35£+00 .IOE+OI .lf.£+01 
-9 3 -.lflff-01 .tiOE-01 .149£+00 
-If 7 -.J~f-01 . I 2£+00 .59F+OO 
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TABLE Vill 

C0i11PAR I s~Ji\1 OF THE RESULTS OF ALTERNATIVE COPlPUTAT IONS ON THE CO~TROL OATA 7600 

NUMBER OF COMPARISONS WITH A GI'IEN DIFFERENCE IN THE COEFFICIENTS OF THE RESULTS 

DIFFERENCES IN THE COEFFICIENTS 
N FUNCTl FUNCT2 LESS -8 -1 -6 -5 -'t -3 -2 -1 0 I 2 3 ,., ; 6 1 8 I'IORE 

1 SIN DSIN 0 0 0 0 0 0 1 0 83 821 95 0 I a 0 0 0 0 0 
2 SIN DSIN 0 0 0 0 0 0 0 0 67 853 81 0 0 0 0 0 0 0 0 
3 SIN DSIN 0 0 0 0 0 0 0 0 133 7'15 123 0 0 0 0 0 0 0 0 
'+ SIN DSIN 0 0 0 0 0 0 0 1 1'18 112 138 2 0 () G 0 0 0 0 
5 SIN DSIN 0 0 0 0 0 0 0 1 93 796 I 10 I 0 0 0 0 0 0 0 
6 SIN DSIN 0 0 0 0 0 0 0 8 19'1 6'13 156 0 0 0 0 0 0 0 0 
1 SIN DSIN 0 0 0 0 0 0 0 0 291 629 80 0 0 0 0 0 0 0 I 
8 SIN DSIN 0 0 0 0 0 0 0 0 221 63'+ 1'1'+ 1 I 0 li 0 0 0 0 
9 SIN DSIN 0 0 0 0 0 0 I 0 1'10 723 135 I 0 I 0 0 0 0 0 

10 cos or.os 0 0 0 0 0 0 0 I 1'+6 716 136 2 0 0 0 0 0 0 0 
11 cos DCOS 0 0 0 0 0 0 0 1 138 728 13'+ 0 0 0 0 0 0 0 0 
12 cos DCOS 0 0 !) 0 0 0 0 I 8'1 826 90 0 0 0 0· 0 0 0 0 
13 cos ocos 0 0 () 0 0 0 0 1 128 101 165 0 0 0 0 0 0 0 0 
1'1 cos DCOS 0 0 0 0 0 0 0 2 133 725 1'10 I 0 0 0 0 0 0 0 
15 cos DCOS 0 0 •) 0 0 0 0 3 197 628 170 3 0 0 0 0 0 0 0 
16 cos DCOS 0 0 0 0 0 0 0 0 291 629 80 0 0 0 0 0 0 0 I 
17 cos ocos 0 0 0 0 0 0 0 0 221 63'+ I'+'+ I I 0 0 0 () 0 0 
18 cos DCOS 0 1 0 0 0 2 2 1 123 7'+5 120 5 0 0 0 0 0 0 2 

19 TAN DTAN 28 8 ~ 't 19 20 37 75 178 252 ITJ 81 37 2.3 12 5 6 5 33 
20 TAN DTAN 0 0 .I 0 2 1 9 57 268 399 201 '+9 8 () 0 0 0 0 0 
21 TAN DTAN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
22 TAN DTAN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
23 TAN DTAN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
2'+ TAN DTAN 368 6 II 15 17 31 36 :7 82 50 II 't 0 0 0 0 0 0 293 
25 TAN DTAN l't3 I'+ 22 5 2 31 53 63 12 '+9 I'+ 0 0 0 0 0 0 0 333 
26 TAN [)TAN 501 0 0 0 0 0 0 0 0 0 0 0 0 i) 0 0 0 0 . '199 
27 TAN DTAN 1001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
28 TAN DTAN SOl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1499 
29 TAN DTAN 1001 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 ·0 0 
30 TAN DTAN 82'1 5 2 I 2 0 "2 2 32 514 37 8 I 5 2 0 1 0 0 

31 ASIN OASINT 0 0 c 0 0 0 0 0 7'1 680 239 8 0 0 0 0 0 0 0 
32 ASJN DASJNT 0 0 0 0 0 0 0 10 200 713 78 0 0 c 0 0 0 0 0 
33 ASIN DASINT 0 0 0 0 0 0 0 !) 0 721 280 0 0 c 0 0 0 :> 0 
3'+ ASIN DASINT 0 0 0 0 0 0 0 0 280 721 0 0 0 0 0 0 0 ) 0 

35 ACOS DACOST 0 0 0 0 0 0 0 0 208 77'1 19 0 0 0 0 0 0 0 0 
36 ACOS 'DACOST 0 0 0 0 0 0 0 0 122 876 3 0 0 0 0 0 0 0 0 
37 ACOS DACOST 0 0 0 0 0 0 0 G 2'+0 761 0 0 0 0 0 0 0 • 0 
38 ACOS DACOST 0 0 0 0 0 0 0 18 239 515 213 16 0 0 0 0 0 0 0 
39 ACOS DACOST 0 0 (i 0 0 0 0 0 5 996 0 0 0 0 0 0 0 0 0 

'tO ATAN DTAN 0 0 0 0 0 0 0 c 116 751 13'+ 0 0 0 0 0 0 ( 0 
'11 ATAN DTAN 0 0 0 0 0 0 0 a 21 763 211 0 0 0 0 0 0 c 0 
'+2 ATAN DTAN 0 . 0 0 0 0 0 0 0 228 7148 25 0 0 0 0 0 0 0 0 
'+3 ATAN DTAN ·0 0 0 0 0 0 0 0 0 98'1 17 0 0 0 !) 0 0 0 0 
't't ATAN DTAN 0 0 0 0 0 0 0 0 13 987 I 0 0 0 ) 0 0 0 0 



TABLE VIII 
(cont) 

DIFFERENCES IN THE COEFFICIENTS 
8 1'10RE N fUNCTl FUNCT2 LESS -8 -7 -6 -5 -'+ -3 -2 -I 0 I 2 3 It 5 6 7 

'15 SQRT .QSQRT 0 0 0 0 0 0 0 0 93 800 108 0 0 0 0 0 0 0 0 
'16 SQRT OSQRT 0 0 0 0 0 0. 0 0 38 905 58 0 0 0 0 0 0 0 0 
'17 SQRT OSQRT 0 0 0 0 0 0 0 0 3'1 91'1 53 0 0 0 0 0 0 0 0 

'18 EXP OEXP 0 0 0 0 0 0 0 0 209 683 109 0 0 0 0 0 0 0 0 
'19 EXP OEXP 0 0 0 0 0 0 0 0 139 7'19 113 0 0 0 0 0 0 0 0 
50 EXP DEXP 0 0 0 0 0 0 0 0 1'13 7'12 116 0 0 0 0 0 0 0 0 
51 EXP OEXP 0 0 0 0 0 0 0 I 220 670 110 0 0 0 0 0 0 0 0 

52 ALOG OLOG 0 0 0 0 0 0 0 0 112 735 15lf 0 0 0 0 0 0 0 0 
53 ALOG OLOG 0 0 0 0 0 0 0 0 137 7'16 118 0 0 0 0 0 0 0 0 
5'1 ALOG OLOG 0 0 0 0 0 0 0 0 216 562 220 3 0 0 0 0 0 0 0 
55 ALOG OLOG 0 0 0 0 0 0 0 0 127 805 69 0 0 0 0 0 0 0 0 
56 ALOG OlOG 0 0 0 0 0 0 0 0 1'13 710 llf'l " 0 0 0 0 0 0 0 
57 ALOG OLOG 0 0 0 0 0 0 0 0 258 609 13'1 0 0 0 0 0 0 0 0 
58 ALOG DLOG 0 0 0 0 0 0 0 0 0 536 '165 0 0 0 0 0 0 0 0 
59 ALOG DLOG 0 0 0 0 0 0 0 0 35 75'1 212 0 0 0 0 0 0 0 0 
60 ALOG OLOG 0 0 0 0 0 0 0 0 208 75'1 39 0 0 0 0 0 0 0 0 

61 ALOGIO OLOGIO 0 0 0 0 0 0 0 52 '1'15 1178 26 0 0 0 0 0 0 0 0 
62 ALOGIO DLOGIO 0 0 0 0 0 0 0 63 5'17 390 I 0 0 0 0 0 0 0 0 
63 ALOGIO DLOGIO 0 0 0 0 0 0 I 35 262 361 259 76 7 0 0 0 0 0 0 
6'1 ALOGIO DLOGIO 0 0 0 0 0 0 0 0 II '153 501 35 I 0 0 0 0 0 0 
65 ALOGIO OLOGIO 0 0 0 0 0 0 0 0 28 '1'18 '166 56 3 0 0 0 0 0 0 
66 ALOGlO OLOGIO 0 0 0 0 0 0 . " 107 530 353 7 0 0 0 0 0 0 0 0 
67 ALOGIO DLOGIO 0 0 0 0 0 0 0 0 0 lifO 730 130 I 0 0 0 0 0 0 
68 ALOGIO DLOGIO 0 0 (); 0 0 0 0 28 39'1 553 26 0 0 0 0 0 0 0 0 
69 ALOGIO OLOGlO 0 0 0 0 0 0 0 0 19 563 392 27 0 0 0 0 0 0 0 

70 TANH OTANHQ 0 0 0 0 0 0 0 0 5 992 If 0 0 0 0 0 0 0 0 
71 TANH DTANHQ I 2 8 10 15 19 69 107 255 326 I'll 35 18 6 " 2 I I I 
72 TANH DTANHQ 7 3 ~ 10 13 17 30 39 189 565 105 9 5 ? 2 0 0 0 0 
73 TANH DTANHQ 0 0 I 0 7 23 61 128 121 lf82 101 3lf 23 1 8 3 0 0 ? 
7'1 TANH DTANHQ 1 0 0 I 0 3 I 6 20 95lf 13 I I 0 0 0 0 0 0 
75 TANH DTANHQ 0 0 0 0 0 3 10 10 16 9'1'1 II ? I ? 0 0 ? 0 0 
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TABLE JX 

COMPARISON OF THE RESULTS OF ALT~RNATIVE COMPUTATIONS ON THE C£WTUL DATA 7600 

NUMBER OF COMPARJ50NS FOR WHICH THE DIFFERENCE IN THE COEFFICIENTS OF THE RESULTS RE~UIP.ES A GIVEN.NU~ER OF BITS 

NUMBER OF BITS 
N FUNCTl FUNCT2 M~X 0 2 3 '+ 5 6 7 8 9 10 II ll 13 )If 15 16 17 I'IORE 

I SIN DSIN 2 821 178 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 SIN DSIN I 853 llf8 0 0 0 0 0 0 0 0 0 0 (t 0 0 0 0 0 0 
3 SIN DSIN 1 71f5 256 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'+ SIN DSIN 2 712 286 3 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 
5 SIN DSIN 2 796 203 2 0 0 0 0 0 0 0 0 0 (! 0 0 0 0 0 0 
6 SIN DSIN 2 6'+3 J50 8 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 
7 SIN DSIN If 629 371 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 SIN DSIN 2 63'1 365 2 0 0 0 0 o· 0 0 0 0 a 0 0 0 0 0 0 
9 SIN DSIN 3 723 275 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 cos DCOS 2 716 282 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
II COS DCOS 2 728 272 I 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 
12 cos DCOS 2 826 17'+ I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 cos DCOS 2 707 2'93 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
)If cos DCOS 2 725 273 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 cos DCOS 2 628 367 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
16 cos DCOS If 629 371 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
17 cos DCOS 2 631f 3~5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
18 cos DCOS it 71f5 2~3 8 2 3 9 0 0 0 0 0 0 0 0 0 0 0 0 0 

19 TAN DTAN ItT 252 351 230 9'+ ~8 18 1 2 1 .o 0 0 0 0 0 0 0 0 {I 
20 TAN DTAN 3 399 'fT5 123 If 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
21 TAN DTAN 23 0 0 0 0 0 0 0 (I 0 0 0 0 0 21f't lflflf 160 62 37 5'1 
22 TAN DTAN 3:! 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
23 TAN DTAN lfi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
2'+ TAN DTAN IS 50 93 117 7'+ 36 163 212 119 71 31 19 9 If t I 0 0 0 I 
25 TAN DTAN I'! '+9 86 116 60 66 133 2-03 )'19 75 38 10 7 5 3 I 0 0 0 0 
26 TAN DTAN '+ l . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1000 
27 TAN . DTAN lfJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1001 
28 TAN DTAN '+1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1000 
29 TAN DTAN '+1 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 1001 
30 TAN DTAN '+7 5'+ 69 13 13 13 16 ]If 17 23 13 16 26 'l2 19 n I If ?If 21 569 

31 ASIN DASINT l 680 313 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
32 ASIN DASINT 2' 713 278 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
33 ASIN DASINT I 721 280 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3'+ ASIN DASINT I 721 280 0 0 0 0 0 0 0 0 0 0 !) 0 0 0 0 0 0 

35 ACOS DACOST I 77'+ 227 0 0 0 0 0 0 0 0 0 0 ;) 0 0 0 0 0 0 
36 ACOS DACOST I 876 125 0 0 (t 0 0 0 0 0 0 0 ·) 0 0 0 0 0 0 
37 ACOS DACOST I 761 2'+0 0 0 (' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
38 ACOS DACOST 2 515 '+52 3'+ 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
39 ACOS DACOST I 996 5 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

'+0 ATAN DTAN I 751 250 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'+I ATAN DTAN I 763 238 0 0 0 0 ·0 0 0 0 0 0 0 0 0 0 0 0 0 
'12 ATAN DTAN I .7'+8 253 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'13 ATAN OTAN I 98'1 17 0 0 0 0 0 0 0 0 0 0 (1 0 0 0 0 0 0 
If'+ ATAN OTAN I 987 I 'I 0 0 0 0 0 0 0 0 0 0 ( 0 0 0 {) 0 0 
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N FUNCTl FUNCT2 

'+5 SQRT DSQRT 
· '+6 SQRT DSQRT 

'+7 SQRT DSQRT 

'+8 EXP DEXP 
'+9 EXP DEXP 
50 EXP DEXP 
51 EXP DEXP 

52 ALOG DLOG 
53 ALOG DLOG 
5'+ ALOG DLOG 
55 ALOG DLOG 
56 ALOG DLOG 
57 ALOG DLOG 
58 ALOG DLOG 
59 ALOG DLOG 
60 .ALOG DLOG 

61 ALOGlO DLOGlO 
62 ALOGlO DlOGlO 
63 ALOGlO DLOGlO 
6'+ ALOGlO DLOGlO 
65 ALOGlO DLOGlO 
66 ALOGlO DLOGlO 
67 ALOGlO DLOGlO 
68 AlOGlO DLOGlO 
69 ALOGlO DlOGlO 

70 TANH DTANHQ 
71 TANH DTANHQ 
72 TANH DTANHQ 
73 TANH DTANHQ 
71f TANH DTANHQ 
75 TANH DTANHQ 

PIA X 0 

800 
905 
91'+ 

1 683 
1 7'+9 
1 7'+2 
2 670 

1 735 
1 7'+6 
2 562 
1 805 
2 710 
1 609 
1 536 
1 75'+ 
1 75'+ 

2 '+78 
2 390 
2 361 
2 '+53 
2 '+'+8 
2 353 
2 1'+0 
2 553 
2 563 

1 992 
'+ 326 
5 565 
'+ '+82 
'+· 95'+ 
3 91flf 

1· 2 3 Jj 

201 0 0 0 
96 0 0 0 
87 0 0 0 

318 0 0 0 
252 0 0 0 
259 0 0 0 
330 1 0 0 

266 0 0 0 
255 0 0 0 
'+36 3 0 0 
196 0 0 0 
287 '+ 0 0 
392 0 0 0 
'+65 0 0 0 
2'+7 0 0 0 
21fT 0 0 0 

'+71 52 0 0 
5'+8 63 0 0 
521 119 0 0 
512 36 0 0 
'+9'+ 59 0 0 
537 111 0 0 
730 131 0 0 
'+20 28 -~ 0 
'+11 27 o· 

9 0 0 0 
376 229 65 . 5 
29'+ 83 lf9 9 
222 2'+6 '+9 2 

33 • 9 If I 
27 23 7 0 

TABLE IX 
(cont) 

NUPIBER OF BITS 
5 6 7 8 9 10 11 12 13 llf 15 16 17 I'IORf 

0 Q. 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0· 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 ·o 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 ·o 0 ·" 0 0 0 0 0 0 0 0 0 0 0 

o' 0 0 0 o· 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 .0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 



':'ABLE X 

R:SULTS WHICH HAVE EITHER DIFfERENT E)PONENTS OR DiFFERENT SIGNS ON THE COEFFICIENTS 

TEST 38, A COMPARISON OF ~COS AND DACOST 
NUM ARGUMErJT OF ACOS RE~L ACOS VALUE ARGU~ENT OF DACOST SINGLE DACOST VALUE DOUBLE PRECISION DACOST VALUE 

1 1720'+000000000000000 161i 1l+C OOOOOCQOOOOOOO 17201+0•)0000000000000 00000000000000000000 OOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO If 



TABLE XI 

RESUpS WHICH HAVE THE LARGEST OBSERVED DIFFERENCES IN THE COEFFICIENTS 

TEST 19, A COI'\PARISON OF TAN AND DTAN 

NUM ARGUf'IIENT OF TAN REAL TAN VALUE DOUBLE PRECISION DTAN VALUE O.JFFERENCE 

1 60551557001,1527357227 161,126131,171,13306206552 161,12601,132301,1611,161213 15620000000000000010 3961'108105183 

21,17 605611,173'123051606'151 60.~'11 1,137011,1270151572 6061,111,137011,127015153'1 61'1'166'15220011370503 30 

62.7 1720625256'1077305035 6().513015517251,1035530 60513015517251,10351,1'1'1 613113721'10376565'133 53 

251 60561557001,1527357227 1bl,i21,17211,i16231,167'1511 161,1160'132301,161'161213 15610000000000000002 13192'175'1'168871 

250 6056151,1211021'102507'1 606611,11,11501'100267063 60661'1'11501'1002~7273 61'160'1'1010'1175260'165 -135 

129 605532'16'136062572573 i053127623317063771,15 60531276233170637716 61330202273326272172 2'1 

128 605532'10077715015515 605230160351677561,125 60523016035167756375 6r322'135556'103600325 25 

127 605532315'1151,1721,10'137 60513015517251,1036651 60513015517251,1036571 6131235163216'1613'123 '19 

126 605532232031,1011,163361 600221653605117'1361,11,1 600207603607'13600655 60625'173266556367001 '1'132'4022175123 
' 

871,1 17221,1537700062762261 1T251,17617~,i261002101,15 17251,176171,12610021071,1 161,155756100727713210 -2'1 

753 17216252561,1077305036 17126336710731611561 17126336710731611655 163255536'1161501fl60'1 -61 

376 60571557001,1527357227 600113661,173302151721 5777256'126'15526~0502 6060'1'116566161230271 708'1669096157'1 

375 60571525213700'172737 1726'17622605237'117'12 1726'17622605237'11662 16'167527'166126031271 '17 

37'+ 60571'173'123051606'150 1725'17617'12610021661 1725'17617'12610021712 16'152'1'11112350513167 -25 

752 17216235667563752702 1711633627637750771'1 1711633627637751010'1 16317072207'1'1525625'1 -121 

875 1722'15'16236230537337 1726'17622605237'10311 1726'17622605237'10372 16'1670557312520'15'126 -50 

2'19 605615252137001,17271,10 606511,1'110670'16165616 60651'1'110670'16165722 61'151510700221637311 -67 

873 1722'15313'1171520520'1 !72'165015'1'16071'10032 172'165015'1'16071'10061 16'1'1757550'4'151505605 -?If 

21,18 . 605615103173651'10605 6061,13130131,1065631522 606'1313013'1065631'165 611f'l0630605001761765 30 

755 1721630'135'1726171325 171363'10763507626205 171363'107635076261'12 16337703206731310516 31f 

626 172062207732501,1205'16 177556121,11726603'1133 17755631'16'166605'117'1 17155121'127116536533 -1035825321f06f. 

75lf IT216267'160lfl2637171 1713'16'176'137121'16255 1713'16'176'137i21'16212 163363622'1'1623575020 31f 

751 17216220773250'1205lf7 61350721lfl623lf67'1511 613507562635'171'17272 62153777777777777765 -198070'4052592 

!001 17226220773250lf205lf7 6131,10721lfl623'167'1511 613'107562635'171'17272 621'43777777777777707 -1980701f052592 
~ 876 1722lf55lf57lf37631lflfl5 177lf'l563100760570232 1771,150625101773766'13 171'10701366755672332 -131f.075671f31433 ...... 
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6, Summary 

We have defined the "accuracy" of a single precision function relative to a corresponding 

double precision function. Using this definition, we have measured the error in 11 Fortran func­

tions (SIN, COS, TAN, ASIN, ACOS, ATAN, SQRT, EXP, ALOG, ALOGIO, and TANH) in the CDC 

Fortran libraries for three different computer operating systems--CDC 6600 SCOPE, CDC 6600 

NOS, and CDC 7600, The error in each function was measured for several distributions of argu­

ments. The observed errors were presented in the form of various tables and printer plots. 

The accuracy of some functions varies significantly from one system to another. For some 

functions, the accuracy also varies drastically from one value of the argument to another. 

We n~ve not in any sPm:'i' provod that tho aduc~.l erl'UI'!:l ar~ as small as we have observed. 

Indeed, to be on the conservative side, the prudent reader may well assume that the actual errors 

are at least as large as we have observed. 

The program which we used to measure the errors wa~ ~;:~.:refully designed, based on previous 

experience, with machine-dependent characteristics being parameterized so that the program could 

easily be transferred to run on different computer systems; in fact, it has been run on at least 

five different systems. Of especial interest is the machine-independent method used to compute 

the error in terms of units in the least significant digit position. Also of interest are the several 

forms of argument distributions, including exponential forms for ranges covering many values of 

the expone111: and incremental forms for detailed examination of a. funct).o.n. in tho noighborliooJ or ;.~. 

zero or pole, 

In addition to measuring the accuracy of Fortran library functions, the program has been 

used in various other applications including, for example: 

•Measuring the error in a spline approximation fitted to a known function 

ecomparing the relative accuracy of alternative algorithms for evaluating a polynomial, 

e~pecially near a zero 

•comparing unrounded versus rounded computati.ons 

•showing the accumulation of error in a sequence of values computed by incrementation. 

Persons interested in using thP. program should contac.:t one of the authors. 
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