




Removal of Constant Terms from DO Loops 

The Fortran DO-loop is a> convenient facil-ity made available to the 

progmmmer in order to simylify repetitive processes. 

Consicier the following Loding: 

Example 1 

DO 1 I=l, 1000 

1 Y ( I )=x ( 1 ) *SQRT ( 3 * llc159 )/2. 

This is perfectly legal and proper coding but what is being performed on the 

computer is a matter strictly between the Fortran compiler and statement 1. 

Some compilers (very f e w  in number) would discover tha t  there are two constants 

involved, the Jfl and 2., and remove them to the outside of the DO loop. 

compilers might change the division by 2. to a multiplication by .5  (division 

takes more time on most computers than multiplication?). The majority of 

compilers would perform the statement as it exists so that 90% (at a guess )  

Other 

of the time used in performing the DO loop would be spent on the calculation 

of the G/2. 

Rewrite the code as follows: 

Exanp3.e la 

RTPIO2=SQRT(3.1>+159)*. 5 

DO 1. 1==1,1000 

1 Y ( L )=x ( I)*HTPTO,? 

The only loss is that a certain visual reference to what is being calculated 

has disappeared or, at least, been hidden to some extent. So, if this is a 

great, loss ,  do the foll-owing: 

?On thc! IBM 360/'75, division averages 3. (3 psec and multiplication averag5s 
2.1 wsec. 

3 4456 05313445 9 
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Example lb 

RTFLOP- SQR'I'(J. 1.41 59)*. 5 

DO 1 1-1,1000 

C y * ) c  Y ( 1 )  IS X ( T >  SQjlT(P1)/2. 

1 Y (I )=X (I)*RTPIO2 

Pi' this rea1I.y s i zab le  gain i n  time is not reason enough for us ing  "goorj" 

coding, add a few more similar s ta tements  and. then you are wrong riot to 

worry about the machi ne t i  me involved : 

Example 2 

DO 1 1 1,1000 

DO 1 5 - 1 , l O O O  

Y(I,J)=X(I,J)*SQRT(3.14159)/2. 

1 X(I,J)=X(I,tJ)*SQRT(2.*3. 14159)/2. 

Consider this : 

Exmp1.e 3 

DO 1 1=1,1000 

DO 1 J~-1,1000 

1 X( I, J>=X ( I, J ) *W ( I )/2. +X (I, J ) 

Rxampl-e 3a is a better version of' Example 3 :  

Examp1.e 3a 

DO 1 T=1,1000 

WTOV2=W(I)'. 3 

00 1 J=1,1000 

1 X ( T , J )  - X ( I , J ) * W I O V 2 i X (  I , t J )  



Example j a .  could also be b e t t e r  wr i t t en  as: 

Example j b  

DO 1 I=1,1000 

WIOV2=W(I)*. >1. 

DO 1 J=1,1000 

1 X ( 1 ,  J)=X(I, J)*WI@V2 

Some coding p r a c t i c e s  recur  qu i t e  o f t en .  One poin t  i s  t h a t  

a DO-loop such as: 

Example 4 

DO 1 I=1,10 

X= ( 1-1 ) *DX 

etc. 

requi res  a conversion from t h e  i n t e g e r  form of I t o  the f l o a t i n g  poin t  

form before the  mul t ip l i ca t ion  by DX can be performed. 

tests f o r  the s ign  of I, t h e  s t o r i n g  of I i n t o  a special. s o r t  of machine 

number (a f l o a t i n g  point number having a f r a c t i o n a l  pa r t  of zero and a 

s p e c i a l  exponent) and t he  normalization of t h i s  number. 

"mixed" expressions but  the  computation which occurs i s  no d i f f e r e n t  than:  

Conversion r equ i r e s  

Nowadays we can wri t e  



The simple way t o  avoid the time spent f‘or the conversion is 

Example ha 

EXTHA=O . 
DO 1 1-1,13 

X=EXTRA*DX 

etc. 

1. EXTRA=EXTRA-I I. 

EXTRA now runs from 0. t o  9. as 1 runs from 1 to 10. But n o b e  t ha t  even 

here the multiplication by DX could be completely avoided: 

Example L+b 

x=o . 
DO 1 I=-l,l@ 

e t c .  

1 X=X+DX 

Another practice frequently seen is: 

Example 5 

DO 1 I=1,4 

y = x*q  

e t c .  

1 CONTIIKJE 

First of all an appearance of an expression of - the  form: 

X**I 



causes a l i b r a r y  funct ion t o  be execut2d which has t o  check on t h e  s ign and 

value of both X and I and then performs as few mul t ip l i ca t ions  as poss ib l e  t o  

c a l c u l a t e  X**I. 

f o r  x , x , x’, x , o r  0, 1, 2, 2, mul t ip l i ca t ions  r e spec t ive ly  ( 5  i n  d l  

I n  t h e  loop above t h e  funct ion would be invoked four t imes 

1 2  Lc 

f o r  t h e  l o o p )  plus  a l l  t h e  checking which must t a k e  place each time. 

time needed f o r  t he  checking i s  probably equivalent  t o  the  time requi red  f o r  

t h ree  mul t ip l i ca t ions  SO that we have forced about 5 t 4 X 5 == 17 mul t ip l i -  

ca t ion  opera t ions  by wr i t ing  the loop t h i s  way. Another way i s  s v d i l a b l e :  

Example 5a 

The 

EXTRA=X 

DO 1 I=1,4 

Y=EXTRA 

e t c .  

1 EXTRA=EXTRA*X 

which would cause only four mul t ip l i ca t ions  ra they  than 17. 

time i s  r e l a t i v e l y  slow compared t o  addi t ion time so we might even gain by 

t h e  following, which saves one mul t ip l i ca t ion :  

Example 

Mul t ip l i ca t ion  

EXTRA (1 )=X 

EXTRA ( 2 ) =X *X 

EXTRA( S)=ExTRA( 2)*X 

EXTRA ( 4 )=EXTRA ( 2 )*EXTRA ( 2 ) 

DO 1 I=1,4 

Y=EXTRA (I ) 

e t c .  

1 COrnINLJE 
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An expression such as X**z i s  q u i t e  d i f f e r e n t  from X**2. - because 

-tihe exponents a r e  of d i f f e r i n g  types .  

the  exponents and if it i s  a small i n t ege r  ( l e s s  than 6, o r  l e s s  than )i for 

example) may generate  " in- l ine"  coding t o  perfonn t h e  m u l t i p l i c a t i o n .  

the  second case t h e  number, 2., i s  not checked f o r  having am exact i n t ege r  

value and -tihe expression i s  t r e a t e d  j u s t  as x-X*!+ iAroijld be.  That i s ,  

X**A=e and every expressi.on which causes exponentiation t o  a f l o a t i n g  

poin t  ( r e a l  ) power involves t h e  employment of  two I.i.brary functi-ons and 

in s t ead  of X**A one might j u s t  as well have wr i t t en  j.n Fortran:  

EXP(A*AL@G(X) ) . Both EXP and ALOG a r e  usua l ly  computed by evaluat ion of 

an approximating polynomial o r  continued f r a c t i o n  and each would perform 

severa l  mult ipl i -cat ions and d iv i s ions .  One o f t en  sees :  

I n  t h e  f i rs t  case many co-rapi.l.ers check 

I n  

AI nX 

y=.x**. 5 

or 

Y=X"*l .5 

Thihich i s  approximately the  same as: 

Y ==S&KT (x ) 

o r  

Y=X*S&RT(X) 

The SQRT rou t ine  employs th ree  or four  Newton i t e r a t i o n s  and involves  

fewer operabions than e i t h e r  t h e  EXP o r  ALOG rou t ine .  It might a l s o  be 

noted t h a t  SQRT i s  usua l ly  coded f o r  accuracy t o  t h e  l a s t  one o r  two b i t s .  

EX? and ALOG are r a r e l y  coded t o  t h i s  accuracy over -t;i.i?ir whole range.  
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It should go without saying t h a t :  

Example 6 

DO 1 I=1,10 

x ( I ) =Y ( I ) * p .  **I 

e t c .  

1 CONTINUE 

should be wr i t t en  as: 

Example 6a 

EXTRA=2. 

DO 1 I=l,lO 

x ( I )=Y ( I )*EXTRA 
e t c .  

1 EXTRA=EXTRA+EXTRA. 

Another common p r a c t i c e  i s  t o  w r i t e  equations i n s i d e  DO loops 

with constant  values  (so far as t h e  DO loop i s  concerned) which, depending 

on t h e  complexity of t h e  DO loop and on t h e  compiler, may be reevaluated each 

time through t h e  loop.  Several  exanples of t h i s  appear i n  t h e  Appendix. One 

should remember t h a t  programs d i s t r i b u t e d  f o r  general  use axe not  always run 

under t h e  "best" of compilers and t h e  e x t r a  t roub le  taken can p ro tec t  t he  

naive use r  of the program. 

I n  ca l cu la t ions  involving s ines  and cosines  one might see :  

Example 7 

ASOS (X ) *SIN(Y )+SIN (X ) xsm( z ) 

B===OS (X )*COS (Y )+SIN (X ) WOS (2 ) 
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The COS(X) and SIN(X) a re  computed i n  both equations when one could have 

wr i t ten  : 

Example -(a 

xcos%os (x) 

XSIN=SIN (x ) 

AzXCOS *SIN( Y )-t-XSIN*SIN (Z ) 

B=XCOS.COS(Y )+XSIN*COS (Z) 

Let us consider the  problem of ca l cu la t ing  t h e  f i r s t  nine Legendre 

x = cos 0 ,  P ( x )  = 1, P ( x )  = x, and  (nl-1) P coe f f i c i en t s  using:  (x) = 
0 1 n+l 

(2n+1)x P,(x) - n P n - l ( ~ ) .  

Fortran subscr ip ts  must run from 1 up t o  1 0  r a t h e r  than from 0 t o  9.  

S 0 ,  " straight;  f orwar dL y " : 

E x a p l e  8 

P ( l ) = l .  

P(2)=X 

DO 1 T A = 5 , 1 @  

1. P ( L ) = ( ( 2.*L- 3 ) *X*P ( L- 1 ) - ( L- 2 ) *P ( L- 2 ) ) / ( L- 1 ) 

There a r e  at  ].east two th ings  "wrong" about t h i s  loop.  The f i r s t  and ( i n  t h i s  

case) l e a s t  important, i s  t h e  expression ;1*L-3. 

wr i t t en  as L+L-3. The more important point  i s  t h a t  t he  use of  t h e  in t ege r  L 

This could, atid should, be 

mixed i n  t h e  expression w i t h  va r i ab le s  of type r e a l  implies at  l e a s t  one e x t r a  

s e t  of coding t o  convert L t o  a r e a l  ( f l o a t i n g  p o i n t )  valus  before it can be 

used i n  t h e  c%alculat ion.  This,  depending om t h e  compiler (and t h e  computer), 

can cause mywhere from fi.ve in s t ruc t ions  t o  a l i b r a r y  funct ion call t o  

perfom the  conversi-on. The following change removes both of these p i t f a , l l s  : 



Example 8a 

F(1) =l. 

P(2)==X 

FL=j * 

DO 1 L 3 , l O  

P(L)-( (mi FL-J. )%-X*P(L-~)- (FL-2. ) *P(L-~))/(FL-~. ) 

I FL==FL+T. 

If t h i s  section of‘ coding is used wry often then the c o e f f i c i e n t s  

should be precomputed and the equation reduced t o  

P ( L )=A( L ) *X*P ( L- 1 )-B ( L ) *P ( L- 2 ) : 

Example 8b 

SUBROUTINE C[ilGTND (X) 

COMMON P(10) 

DIf4ENSIOX A ( lo), R (10) 

DATA ( I N I T - 0 )  

IF (INIT)1,2J 1 

2 I N I T - 1  

FLMl-?. 

DO 3 T~3,l.o 

B(L)=~. -~./FLML 

A ( ~ 3 3 1 .  +B (L) 

3 FIMl=FTNL+l. 

1 P(1)-=1. 

P(2)-X 

1)o 4 b - ? J I o  

4 P(L)=A(L)XXXP(L-~>-B(L)”P(L-~) 

RETIJRN 

END 
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Notice p a r t i c u l a r l y  t h e  use of the DATA statement.  A t  the time LEGEND i s  

f i r s t  ca l l ed ,  nYiT w i l l  have t h e  value 0 by ' r i r t u e  of t h e  DATA statement.  

This w i l l  cause a t ransyer  t o  statement 2 where t h e  computakion of t h e  

coe f f i c i en t s  A and R can he performed. The value of INIT js changed from 

0 so t h a t  on a11 subsequent c a l l s  t h e  t e s t  of I N I ' I   ill t r a n s f e r  around the  

sec t ion  of coding bpginning a t  statement 2 and begin computing a t  statcrnent 1. 

This " t r i c k "  of dsing a DATA statement t o  p re se t  a value which can 

be tested on e n t r y  t o  a subroutine o r  func t ion  i s  an extremely u s e f u l  too l  

a t  t h e  programpr's disposa l .  One more p o i n t  t o  note  i s  i h a t  t he  running t i m P  

could even be i 'urther improved by removing the  30 loop on statement 4 and 

rep lac ing  it by: 

p ( j )  = A ( 3 )  * x * ~ ( 2 )  - B ( S )  * ~(1) 
P o i )  = A ( 4 )  + X P ( 3 )  - B(4) P(2)  

~(10) -- ~(10) * x ' P(?) - ~(10) * ~(8) 
From t h i s  po in t  only marginal gains can bz  accomplished; e.~., us ing  the 

DATA statement t o  s e t  t he  values of A and B: 

D A ? K ( A ( ~ ) - ~ .  i ) ,  ( A O + ) = X .  6666667), e t c .  

UA'lA(B(3)  .5), (€3(4)=.6666667), e t c .  

This would a l - l o w  ihe rcrnoval of the test on N I T .  

If' one w r e  t o  suggest t h a t  all of t h i s  i s  very f i n e  but, - the  number 

of c o e f f i c i e n t s  (10 i n  the. exsmplc) i s  no t  f ixed and may vary from CALI, t o  

CALL, say, C A I i L  IEGEND(X, TJ'IAX) an& therefore ,  t he  above methods would not  be 

appl icahlp ,  one would be wrong. 



11 

If LMAX were, g e n e r a l y ,  4 o r  less one should not be c a l l i n g  a 

subroutine as t h e  va lues  of t h e  P's could be w r i t t e n  out without recourse 

t o  a subroutine at  all. 

use Example 6b with DO 4 L=j,lG rep laced  by DO 4 L=j,LMAX. If i3TA.X ranged 

from 7 t o  10, one could w r i t e  out e x p l i c i t l y  t h e  f i r s t  7 P's and then t e s t  

LNAX and branch t o  a RETURPiT f o r  LMAX=7, branch t o  a sec t ion  c a l c u l a t i n g  

~(8) and RETURN f o r  LMAX&,etc. 

I f  l3IA.X ranged randomly from 4 t o  10 one could 

Summary 

Generally, equations a r e  w r i t t e n  i n  For t ran  i n  t h e i r  most 

e a s i l y  recognized forms. These forms, unfor tuna te ly ,  invol-ire lengthy 

recomputations (within 100pr; p a r t i c u l a r l y )  of cons tan t  f a c t o r s  2nd even 

of func t ions  i n  some instances.  Another source of lost t i m e  i s  the  

requireljnnt for the use of a var i ab le  as both  an index ( in t ege r  form) 

and a value ( f l o a t i n g  po in t  form). 

DO-loops and t o  avoid the use of library function; t o  convert numbers 

from one form to another. can y i e ld  a s i g n i f i c a n t  deerpasf: i n  e recut ion  

time. 

A b i t  of eff 'ort t o  "simplify" 
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Examples 

Three monitor input  t apes ,  cons i s t ing  of approximately 33 j obs ,  

were l i s t e d  and examined. A l l  of  .them cons i s t ed  of s h o r t  j obs  f o r  debugging. 

The po in t  of t h e  examination w a s  t o  st iudy t h e  way programmers were w r i t i n g  

t h e i  I- For-tran programs . 
It must be emphasized tha-t a l l  of t h e s e  programs were e i t h e r  i n  

t h e  debugging phase o r  were s h o r t ,  one-time programs t o  compute a few 

r e s u l t s .  

appear i n  t h e  appendix toge the r  with comments as t o  how they  would be 

improved i f  t hey  were debugged and used i n  production very o f t e n .  

of thpm were of t h e  one-shot t ype  (which a r e  usua1.l.y s l o p p i l y  w r i t t e n )  

b u t  t h e s e  a r e  a l s o  t rea- ted as i f  they were massive users  of computer t ime. 

Once t h e  Forbran programs have been debugged presumably a t reatment  as 

suggested i n  t h e  comments would be  i n  o rde r .  No attempt i s  made t o  change 

t h e  subsc r ip t ing  s i n c e  t h i s  has  been descr ibed previously i n  TM-1969. 

Excerpts from t h e s e  programs (s ta tements  taken out  of context!  ) 

Some 



A. Faster would be: 

22 MOX =: MO/)h 

MO = MOX + MOX + 1 

B . Faster would be: 

23 MOX = MO/8 

MO = MOX i- MOX + 1 

~*x.x--x.Y**~*******~*****-x*x-*********~ xx-****%--x ****.x-*******X********~**x--**+x 

KP =: K/2 * 2 

*************** X-x-******JCx-*****X******H~ *********~********%-%****++* *-x ** 

Faster would be : 

KP = K / 2  

K y = K I ? + K F  



;'a T = >.* LOGE' (10 .0 )  L/ 

A .  5. x- rJoGF(io.o) is a cons tan t .  

3" i.s a constan-t .  (G) 
B . F a s t w  execution would occur with: 

****?t*-x-?c******** ***.X-*******X -x-x x*~****x*xx~% x-***********-x--x-~x~****K-*-x-*-x-* *,*** 

DO 20 K = 1, IX 

IF(ALF(K) .LT. 0.) 1 : j ,  20 

19 flLF(K) = 0.5 * ALFX(K)  

XX(K,1) = -1.0 x ALF(K) (2) 
20 CONTINUE 

3. XX *****-3c-x.* x-xQ.x--***3c 3c3c3t.X-X- x- **-x***3c** *3(~-x--x-**** ****** -x x *X*********.X--X-.X- x **-**** 

A .  Thi-s is b e t t e r  written as: 

X X ( K , 1 )  = -RLF(K)  
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.***********3CJC***X*-3HtfX*********** **-X*-?+************+*********.X*-**-X-*****-X-** 

u ( i )  = COSF(THETR) 

u(3 )  = 0. 

v ( i )  = SINF(THETR) 
v(2)  = COSF(THETR) 

U ( 2 )  -SJNF(THECTR) 

Faster is: 

u ( i )  = COSF(TKETR) 

u ( 2 )  = -SINF(THXTR) 

u(3 )  = 0. 

v(1)  = -u(2) 

v(2)  = u ( 1 )  

DO 5 I = 1,NL 

DPMS(I) = CASM(I) * KMF 

PIC(I) = DPMS(I)/P.E 

‘j AMC(I) = PIC(I)/ 10ooooo.o 

The loop would be fas te r  as: 

CON = 1. / 2.22 
DO 5 I = 1, IT1 

DPMS(1) =1 CASM(1) * RMF 

PIC(1)  = DTMS(1) * CON 
A M C ( 1 )  = PIC(I) * 1.0E-6 5 
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SRT~TH = swr (SELTH / (K - j . ) ) 
SETSG = SQRT ( SKLSG / ( K - 3. ) ) 
1USIG SQ,RT(kESTG / (K - 5 . ) )  

*******x x xx?t*****): x x-xx;Y +******** x*x*****x x i: X*XX%+***XX x*+*x Ic**xxXXxx* 

is a cons tan t  for these equations, s o :  K-3.0 

XK -- 1. / (K - 3.) 
SEL'L'II = S&RT(SELTH X K )  

SELSG = SQRT(SELSG * XK) 
RESIG = S&IIT(HESIG *- XK) 

*****-***** ~~*-x*******-x--x-X-******* x .x--x--x ***x**-~*-):-%******-~~):--********~~-x--~ ***X-***-x-x -E*% 

.I+ * SQRT(S1))) Ql =. .01032?0 X EXPF(4. * 1..17202 * S Q J T ( S 1 )  / (1. + 

-x *-E**** x* x X~.X -x-*?t*****%--x--x--~~x~**~--x--x--X*~~*****-Xx* x*******x*x-x *******3c * ******-x -x x-x-3(- 

Notice t h a t  SWT( SI_ I appears twice. 
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DO 10 I r- 1,12 

io BB(I) = ~(100) * BB(I) / 4&542 

B(100) / )+8.5!-t2 i s  a constant  inside t h i s  loop.  

Rewriting as : 

EX = B(lO0) / 48.542 
DO 10 I ;= 1,12 

BB(1) = BB(1) * EX 10 

would save eleven d iv i s ions .  

T2P = 1./EXPF(XR) 
EREPA = 6. * B EXPF ( - X R  ) 

EREPA6 = 6 .  ++ B * T2P is faster .  
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yc = 0.5 * A/GP1(1) 
F I  = Y ( J )  - YC 

DERIV(1) -= -O.:< X- A/(GPI.(1))**2 

DERLV(2) I:: O . ' J / G P l ( l )  * x(J,1) 
D E R I V ( 3 )  = 0 . 5 / G P l ( l )  3f X ( J , 2 )  

x x****x** x-x .x x +-E***** fcx %xx*x****x* ********** x x # * * X  ******* x I( *x*******x x*x 

Rather : 

YCC :: . 5 / G P l ( l )  

YC = A * YCC 

F I  :: Y ( J )  - YC 

D E R I V ( ~ )  = - Y c / w i ( i )  

DERIV(2) = X(J, 1) * YCC 

DERTV(3) = X ( J , 2 )  .X- YCC 

The o r i g i n a l  has f i v e  mul t ip ly  and four  d iv ide  opera t ions .  

vers ion has three rnultiply and two d iv ide  opera t ions .  One can a l so  w r i t e :  

The revi.sed 

XGP 1. /GYI  (1.) 

YCC = .>  * XGP 
e t c .  

DERIV(I) = -YC * XGP 
etc. 

and have f i v e  mul t ip ly  and one div ide  ope ra t ions ,  



/A 
'.. 

1 DENOM = 2 ' IMAX - 1 
IMAx=- 2*IMAx 

1 
1 

DELTA = (TANAX - TWOME)/DENOM 

GO TO 5 

2 DENOM = IMAX - 1 1 @ DELTA = (TW - TWONE)/L)ENOM 

j CONTINUE i 

A. 

B. 

These two s ta tements  could w e l l  be reversed: 

1 IMIUT. = IMAX + DIAX 

DENOM c IMAX - 1- 

Note t h a t  t h e s e  five statements could a l so  be wr i t t en :  

GO TO 4 

2 DENOM = IMAX - 1 
4 DELTA = (TWKPX - TWONE)/DENOM 

3 CONTLf\TITE 

N o  machine time i s  saved or  l o s t  but  t he  amount of  memory used would 

be  reduced. 



****Jc******Xx****-x x XX-X******x********X xx******~*x**************x X-KX-X* 

UDZD =I UDZDO * SQRT (E ) 
UL = ULO -x- SQHT(E) 

Fas t e r  is: 

SgRTE = SQ,RT(E) 

UDZD = UDZDO -* SQKTE 

UL = ULO * SQ,RTE 

x x x****x* **x********x%-X-******x X*******XX*********% x X**?(%****X x XX+**** 

H11 H11 - T?4(A,10.,15. ) X COS(4. * D) 
H12 = €112 - W3(A,10.,24.) * COS(4. * D) 
H1.j = Hlj + W4(A,8.,12.) -E COZ(2. ++ D) 

H11-l H14 + ~ 3 ( ~ , 8 . , l t . )  * coS(4. u) 

Note that, COS(4.  * D) is computed three times. 



DO 6 I = 1, N1 

DPMS(I) = DPMS(I)/WG(I) 
PIC(I) = PIC(I)/WG(I) 

6 MC(I) = AMC(I)/WG(I) 

The loop would run slightly faster on most computers if written as: 

DO 6 I = 1,Nl 

EX = 1. / WG(I) 
DPMS(1) = DFMS(1) * EX 

PIC(I) = PIC(I) * EX 
6 AMC(1) = AMC(1) EX 

360/75 Multiply = 2.1 ksec .  

Divide = 3.9 ksec.  

so  that 1 divide  t- 3 multiplies = 10.2 psec.  

and 4 div ides  = 11.7 p e e .  



22 

El = EXP(-UF * ZZ - UDIF * V * Z/CO) 
E2 = EXP(-UF -x- ZZ - UDIF * V * Z/CO - UDZD) 
TK = (EX - W ) / ( ~ . O  - EXP(-UDZD)) 

Faster and y i e l d i n g  the same results would be: 

~i = EXP(-UF -x- zz - UDIF * v *- Z/CO) 
E2 = El * EXP(-UDZD) 
TK = El 

**** * *3(-?f *******-E*** *.E-** ********* *% * )c*********x~x--x-3(--x-*** x**********x-x--***-**********-X%-~X- 

YDIREA = A ( 1 )  + A ( 2 )  * D + A(3) * D**2 + A(4) * D3-'x-3 + A(5) * D*xh t A ( 6 )  * D*x5 
YINREA = A(1) * D + (A(2)/2.) * D**2 + (A(3)/3.) * D**j + ( A ( J + ) / b . )  3 Dx*b + 

1 (A(5)/5.) * D**5 + (A(6) /6 . )  * D**4 

**x************x*x*************************x -X3t--~-*--X--*********** x *Y-X-%********** %% - X - H  

This would be considerably faster if written as: 

YDIREA : 

YINREA 

( ( ( ( A ( 6 )  * D + A(>)) * D i- R ( 4 ) )  * D + A(j)) 

( ( ( ( ( A ( 6 ) / 6 .  

* D + A ( 2 ) )  * D + A ( 1 )  

* D i- A('>) * .2) * D + A ( 4 )  * .25) * D 
A ( J ) / J . )  * D + A(2) * . 5 )  * D + A ( 1 ) )  * D 



******JC*************X *********%**** *****%XY;*%-***f*-X-~x*************** 

V(5) 3.1416 * X * (R(5 )**2  - H(1:j**2) t 2.4 * ( R ( 5 ) r x g  - R(Lk)*+j) 

~ ( 6 )  = 3.1416 -E X * ( ~ [ 6 ) 3 * 2  - R ( 5 ) " " 2 )  + 2.4 * (R(6)**3 - R ( ? ) * * j )  

******H3C3f.******%******%**********"-** *****XH *-)c*-x** *++ xSc-x* ?+t3c***3wc%-*t?c* 

Notice t h e  use of R ( 5 ) * * 2  and R(5)**3. 

if done as follows: 

This sort of operat ion is f a s t e r  

CONA = 3.11116 * X 
R 5 s Q  = R ( 5 )  * R ( 5 )  

R4SQ = R(4) * R ( 4 )  

K5CU = R 5 S Q  * R(>) 
V(5) CONA * ( R 5 S Q  - R 4 S Q )  -t 2.4 * (RSCU - R 4 S Q  * R ( 4 ) )  

R 6 S Q  = R ( 6 )  * R ( 6 )  

V ( 6 )  = CONA * (R6SQ - R5SQ) + 2.11 * ( R 6 S Q  * R ( 6 )  - R 5 C U )  



D C ( 1 )  = F R - ’I. * P I  * D (X * C ( 2 )  C(1) t Y * C(2) Y C ( 1 ) )  

D C ( 4 )  = 4 .  

D C ( 5 )  -= 4 .  * PI * D (Y * C(2) * C ( j )  + RIT X C ( 2 )  E C ( 3 ) )  

D C ( 6 )  = I+. + PT * D it (X * C ( 2 )  x C ( 1 )  + X 3: C ( 2 )  * C ( 3 ) )  

PI * D * RII * C ( 2 )  * C ( 2 )  

*-********-k-x--E ***-**it* x x x x x ~x-x**x*****Yxx- x x- x *-x “ ~ * * ~ - * c x - x - - x - x * x  ** -)c****x-x--x--x--x-~x x 

The calculation of 4. -x PI * 1) appears in each statement. 
Y * ~ ( 2 )  appears two times. 

x * ~ ( 2 )  appears three times. 

C ( 2 )  * C ( 3 )  appears three times. 

C ( I )  * ~ ( 2 )  appears three times. 

This would be faster if written as: 

~ ~ 1 4  = 4. * PI * D 
c2c1 = c ( 2 )  * C ( l )  

c2c3 = c(2)  * c(3) 

I ) C ( l )  = F * R - DPI4 * C 2 C 1  * ( X  + Y )  

D C ( 4 )  = D P I h  * R I I  * C ( 2 )  

D C ( 5 )  = DPIlc * C X 3  * (Y + X I I )  

D C ( 6 )  = D P I l +  -X- X * ( C 2 C l  + C 2 C 3 )  

C ( 2 )  

The or ig j .na l  contained 27 multipliczkions. The revised version c o n t a i n s  

14 multiplications. 



DO 52 I = l , K  

SCALEX = MAXIF ( SCALEX, ABSF (X (I ) ) ) 
SCALEY = MaXLF (SCrlLEY ,A13SF (Y (i ) ) ) 

IF(W(1)) 51, 71, 52 

The use of the l ib rary  f'unction MAXlP could be avoided by: 

DO 52 I = l , K  

EX = ABSF(X(1)) 

IF(SCALEX-EX) 520, 521, 521 

520 s c m x  = EX 
721 EY = ABSF(Y(1)) 

IF ( SCALEY-EY ) 522, 523, 523 
522 SCALEY = EY 

523 IF(W(I) )  51, 51, 52 



26 

********?c***x-x-%-x-**xfc*****~~x-x- x x- X--X-*-%**3C * * * * * x ~ x - * ~ ~ * * * * ~ - - ~ * * * * * * ~ - ~ % ~ ~ - - ~  x *% **%-** 

Z z COSF(A) COSF(C) + STNF(A) * SiNF(C) COSV(B) /A., ._ 

\.J/ M = SQ,RTF(~. - z * z) 
F-" 

7, = (COSF(A) - COSF(C) * 2) / (S IW(C)  * M )  

z = AMAX1i-1., z) 

, A '  
P!. 
:I3 ; 
\/ 

Z = MINl(l.,  Z )  

0 = ATANF(SQ;I':'I.'(l. - Z X Z j  / Z) 
RETIJRW 

Ern 

A. The cosine of A i s  computed twice.  

The cosine of C i s  computed twice.  

'Yhe s i n e  of C is computed twice .  

Hewrite as:  

COSA = COSF(A) 

COSC = COSF(C) 

SIPJC = SIrn(C) 

2 = COSA * COSC + SINF(A) * STNC *- COSF(R) 
AZ T= etc. 

z = (COSA - cosc * z) / (SINC * u )  

B.  IF(Z-1.) 1, 5 ,  2 

2 Z = l .  

GO TO 3 
1 TF(z+~.) 4, j, j 
4 Z L -1.. 

3 D =AT,WF(SqPTF(I. -Z X Z j l L )  

Note a lso that when Z is s e t  t o  e i t h e r  i l., D O . ,  so t h e  first  three  

statements i n  13. could be r ewr i t t en  as: 

% F ( Z - 1 .  ) 10,2C!, 23 

2 0 D I:: 0. 

RETURN 

10 IF(Z 4- 1. ) 20, 20, 3 
and. s imi l a r ly  for Z >: -1. 



***********-E********-E******++-*******-E~***************** **-E** Ex x *3t x *-********+*** x -x x-* 

DO 26 L = 1, MAX 

26 F(L,I)  = F(L , I )  + T ( L Q , I )  * U ( L L Q , ~ )  * ( 2  * LI + 1) * A ( L )  * (2 * LP -i- 1)* .~791  

x-**c3t3c************************++ **********-E~~**********x-***-E****~-**3t3c*~-~~E*** ***-x-**x fc 

Note t h a t  only values which a r e  f’unctions of  L need be recomputed i n  t h e  loop. 

EXTRA = T ( L Q , I )  * U ( L L Q , l )  * (2  * LI f 1) * (2 * LP + 1) * ,0796 
DO 26 L = 1, LMAX 

F ( L , I )  = F ( L , I )  + EXTRCI. * A(L)  26 

Also: 2 * LI 3- 1 -+ LI 3 L I  + 1 

and 2 * L P + l - + L P + L P + l  



DO 21 L = 1, j0 

X4 XA + PP(I,, Nl) * P(2  3. L - 1, Jl) 
21.. x = x + TOTAL(L,NI) x ~ ( 2  * L - I., n) 

For I, = 1, 2 * L-1 I= 1 
I, = 2, 2 * L-1 = 3 

L = 3, 2 -E L-1 = 5 

Faster is: 

m 1 =  1 

DO 21 L = 1,50 

XA XA t FP(L, NL) * P(LXM1, J1) 
X = X I TOTAL(L, N1) * P(LXM1, Jl) 

21 mi1 = L X M l  I 2 



DO 2 I = 1,7 
Z (I- .175)*.7854/6.825 
C ( I - t 1 )  = COSF(Z) 
D(I+1) = sINE'(Z) 

2 E(Ic1) = 0. 

Rewriting as follows would save considerable  time: 

CON = .7854/6.825 

Z = .825 * CON 
DO 2 I = S,7 

C ( I + l )  = COSF(Z) 

D(1-1-1)  = SINF'(Z) 

E(I+1) = 0. 

2 Z = Z + C O N  



**************** *%.X%-*-?+%-*********** x-** -)CX-******?C)C*********x-.x--X )c- x*-Y,-x*** 

DO 1 1  = 1,lg 

x = (I - 1.) * 5. 
B = (I - 1.) * .@7267 
DO 6 J = 1 , S O  

C = (J - . j )  * .0 jdi16 

A. Note tha-1;: 

Rewrite as: 

B = 0. 

x = 0. 

e t c .  

€3 = B -t .@7267 

1 x = x + 5 .  

B. 



INTVL = 100 

@ H = 1. /FLOAT (INTVL) 

DO 23 I = 1, INTVL 
S = 1. - ( F L O A T ( 1 - 1 )  4- .)+2261t57) * H 

C FORTRAN STATEPvZGNTS 

23 CONTINUE 

A. H = .01 

B.  Note t h a t  FLOAT (1-1) can be removed: 

S = 1. - .4226497 ++ H 
DO 23 I = 1, INTVL 

C FORTRAN STATEMEKCS 

25 S z S - H  



$2 

*3c**-x*3t~-x--x-x***-x***~******-;c**X-~***~*******~xs: * *XX*.~******K******.*X.X.X*** -x-x-x-x- 

DO jl I = l,N 

Z = COSF( 0.01745529 * ?'ILETA( I. ) ) 
P(1,I) = 1. 

P(2 , I )  = z 
P ( ~ , I )  = 1.5 * z * z - 0.5 
DO 3? K = 2,57 

P(K+2,1) = ( ( 2 .  * K t 1.) * Z * P(Kt1,I) - K * P(K,J))/(Kil) 32 

31 CONTIME 

A. Both X and K + 1 will be converted from Tnteger t o  f l o a t i n g  p o i n t  each 

t i m e  through t h e  loop on statenlent 32. 

Rewrit,e as : 

XK = 2. 

X M  = 5. X Z 

XKAINC = i5 + z 

DO 32 K - 2,>7 

XKP 2: XK -t 1. 

P(K+2, I) = (XKA * P(K+I, 1) - XK i P(K, I)) / XKP 
XKA = XKH i XKAINC 

32 XK = XKP 



$ 3  

DO '91 NK = 1,K 

YCALC = A(l) 

DO 61 I = 2,LIM 

YCfiC = YCALC c A ( 1 )  * (X(NK) / SCALEX)*++(I-l) 
SIGR2 = S I G R 2  -t (Y(NK) / SCB;LEY - YC&C)**~ 

61 

71 

********************************** ****-x*?+**x ++*%**********XXX *x-****x * 

Statement 61 i s :  

X(NK) j I-' YCALC = YCALC + A ( 1 )  * $ scmJ 
L 

X NK 
sc ALEX i s  a constant  for the  loop or1 61 so: 

DO 71 NK = 1, K 

YC&C = A ( 1 )  

CON = X(NK) / SCAZEX 

EXTRA = CON 

DO 61 I = 2, LIM 

YCALC = YCALC -I- A ( 1 )  * EXTRA 

EXTRA = EXTRA * CON 
SIGK2 = SIGR2 c (Y(NK) / SCALEY - YCALC)**2 

61 

71 



****-x -x )c)c X - - H  %X--%**x****** x-x-x-x-x *-x***-****-)c-x--# x x X*XXX*~******** x x Yrx-u s******c-x-~ x 

DO 60 X = 1, N 

DO 60 L = 1: M 

SQI = SQ,W(Y(L)) 

G(K,L) 7- -AL * DELZ(K) * SQI/(l. + B l  

X ( K , L )  = G ( K , L )  * Q(L) 
SQI) - Cl * Y ( L )  I Dl * Y(L) 

60 

These DO loops would be milch fas te r  if revei-sed and w r i t t e n  a s :  

D l M C l  := D1 - C1 
DO 60 I, = I, M 

SQJ = SQRT(Y(L) )  

AX = -Al 3- S Q I / ( l .  + I31 * S Q I )  

BX = Y ( L )  * D l M C l  

DO 60 K = 1: N 

G(K, I,) =:. AX * DFL,Z(K) -t RX 

X(K, I,) = G ( K , L )  * Q(L) 60 



DO 2200 J = 1,NOBS 
NZ = NOZ(J) 
X(J) = XI(J) / WTDOWN(NZ) 

FRAC(I) = FLOAT(I - 1) / io. 

NFRAC(I) = NFRAC(I) + XINTF(WT(J)) 

DO 2200 I = 1,11 

IF(XI(J) - FRAC)) 2100, 2100, 2200 
2100 

XFRAC (I ) = FLOATF (NFRrlC (I ) ) / EXPSUM 

2200 CONTIWE 

A. XI = 0. 

DO 2201 I = 1,11 

FMC(I) =XI 

- 

IF(etc. ) 2100, 2100, 2201 

2201 XI = XI + .1 
2200 CONTINUE 

would be f a s t e r .  

Since t h e  computation of FRAC(1)  t o  FRAC(11) i s  performed i d e n t i c a l l y  f o r  

each J ,  t h e  outer  loop, speed would increase  by: 

FRAC(1) = 0. 
DO SO00 IJ = 2, 11 

$000 FRAC( IJ) = FRAC(I J) + .i 
DO 2200 J = 1, NOBS 

e t c .  

DO 2200 I = 1, 11 
e t c .  

2200 CONTINUE 

Notice t h a t  t h e  FRBC's are now computed once r a t h e r  than NOBS t imes.  



.* x-***-)c**** ~-x-x-x-~x--)c**x******* *x-*** ****** x--~-x--x--x-*****x**** * x -x--**~x-* ******~x-*-)c 

DO 1 I = l y  N 

c (1 )  = 0.0 

DO 1 J = l ,  N 

1 B ( 1 , J )  = 0. 

DO 2 I = l ,  N 

DO 2 J - l , M  

2 C(I) = C(I) + Y ( J )  -* X:I,J) 

DO 5 I = l y l i  

DO 5 J = l , N  

DO 5 K = l y  M 

5 B ( I , J )  = B ( I , J )  + X(J,K) * X(I,K) 
K-*******)t)(-********+**x*-x-x-x~~********* x x-x--x--x X***%******* -x--X-*X--x-*******-X-*-~ 3c 

This  can  be "collapsed" as follows: 

DO 1 1 = l, N 

c(1) = 0.0 

DO 2 J = l ,  N 

B ( I , J )  = 0. 

130 2 K = 1, M 

2 B ( I , J )  = R ( J ,  J )  + X(J,K) * X ( I , K ;  

DO 3 J = 1, M 

3 C(1) = C(1) + Y(J) * X(1, J) 
I CONTIMJF: 

There a r e  now four DO Loops i n s t e a d  of  seven  and t h e  code w i l l  r u n  f a s t e r .  



3 '7 

-> 5 COEF = 2. * PI/(PI * BOLZ * TEMPK)**~. 5 
DO 40 I = l,K 

Y I = I - 1 .  

X(1) = X l  + Y I  * XINC 

Y ( I )  = COEF x SWTF(X(I))/  E **(x(I)/(BoLz * TEMPK)) 
r 

( @ 
i 
i X E V ( 1 )  = X ( 1 )  / ERG 

Y E V ( 1 )  =. Y ( 1 )  * ERG 
40 C O N T I W E  

A .  Faster  w o u l d  be: 

EX = 1. / S&RTF(PI * (BOLZ x- TEMPK)**~ ) 
COEF = EX + EX 

B. Note tha t  EM( -BOLZ * TEMPK) and l./ERG are cons tan t  f o r  the loop. 

c .  I YI xo EW - - 
1 0. x1 EX1 

EX1 ++ EXINC 2 1. x1 + XINC 

3 2. X1 t- 2. * XINC E 

EX = COEF/E**(X~/BTK) 

EXINC = 1. /E"* ( XINC /BTK) 

CONA =  ERG 
XA = X 1  

DO 40 I = l,K 

X ( 1 )  = XA 
Y ( 1 )  = EX * SQ,RTF(XA) 

XEV(1) = XA * CONA 

Y E V ( 1 )  = Y ( 1 )  * ERG 

EX = EX EXINC 

x1 * EXINC * E X m c  

BTK = BOLZ .* TEMPK 

)+i? XA = XA t XIMC 



$8 

*******************X-*-%********* *******iy *****************x*x*********** 

DO 12 J = K,NH 

Z P R J  L (J - 1) * NA + IPR 
z = A(IPRJ) 

A 

A '- K J z  ( J -  1) ' N A  i K 

A ( 1 P R J )  = A ( K J )  

12 A(KJ) = Z 

DO 13 J = 1,NV 

i/A 
C' 

I P R J  (J - 1) ' NX -I- IPR 

z = X(IPRJ) 

W =  (J- 1) ' NX f K 

X(IPRJ) = X(KJ) 
(i' 

1-5 X(KJ) Z 

******%*********X x x x % x*-x x x ** *tX*****X-#-X x *iy . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A. Notice t h a t  (J-1) * NA and (J-1) * NX a r e  eaeh computed twice .  

This would be much f a s t e r  i f  done as follows: 

JNA = ( K - 1 )  NA 

DO 12 J = K,IW 
IPRJ = JNA t IPB 

z = A(IPKJ) 

K J  = JNU t I( 
A ( 1 P R J )  = A(KJ) 

A(KJ) = z 
1 2  J N A = J N A  t NA 

JNX 0 

DO 13 J = 1,W 

IPRJ JbX t 1PR 

z = X(IPRJ) 

K J = J N X + K  

X(LPRJ) = X ( K J )  

x(KJ) = 2 
13 JNX = JNX + NX 

Now, i n s t ead  of 2 

ca t ion  and a l l  the  o the r  mul t ip l i ca t ions  have been turned inio add i t ions .  

(NV t PSR - K )  mu l t ip l i ca t ions  t h e r e  i s  only one m u l t i p l i -  



39 

DO 54 I = l , K  

YC = Y ( I ) / S C A L E Y  

xc X(I) /SCALEX 

DO 54 J = 1,LIM 

JA J t J - 1 

52 SUM(JA)  = SUM(JA) t XC**(JA-l)  * W(1) 
53 SUM(JA+~) = SUM(JA+~) + XC**(JA) * W ( I )  

54 SUM(J+l5) = S U M ( J + l 5 )  + X C x * ( J - l )  * W ( 1 )  * YC 

The loops would be f a s t e r  as: 

DO 54 I = l , K  

YC = Y(I)/SCALFY 

xc = X(I)/SCALEX 

XCJMl = YC * w ( 1 )  
' 
!.xc i 

J-l* Yc * W ( I ) ]  , 5-1 = 0 

[XC JA-l * W ( 1 )  I , JA-1 = 0 

for statement 54 

- 

f o r  statement 52 XCJAK1. = W ( 1 )  

XCSQ = XC * XC 

L 2 

52 SUM(JA)  = SUM(JA)  + XCJAMl 

73 

54 

SUM( J A t l  ) = SUM( J A + 1 )  + XC JAM1 * XC 

SUM(J-tl5) = SUM(J+15) +- XCJMl 

XCJr4l  = x c m  * xc 

XcJAMl = XCJAMl * XCSQ 
J A  = J A  t 2 54 



******* x* %***-x 3t **.%*-E******* x ************-x*************-*********-x *-E+*** 

DO 1 I = 2 ,  NI 

SUM = 0. 

M = 2**(I - 2) 
s = 2.**(1 - 1) 

SUM = SUM + ( ( s  - 2. * J 4- 1.) * A + (2. * J - 1.) * U ) / S  

DO 2 J = 1,M 

2 

C ( 2 , l )  = C ( l , l ) / 2 .  t (B - A) * SUM/S 
DO 3 J = 2 , I  

S = l k . * * ( J  - I) 
3 C(2,J)  = (S * C(2,J-1) - C ( l , J - l ) ) / ( S - 1 . )  

1 C ( l , J )  = C(2,J )  

****-x-x--********.x3t- #-x--x-********Io(--x-x.*********-~~~--~--x-**3t ****-E*** x-x***3t3c*++**+t * 

Se t  up t h e  problem as follows: 

M = l  

s = 2. 

DO 1 I = 2, NI 

SUM = 0. 

FJ = 1. 

DO 2 J = l , M  

(FJ w i l l  r ep lace  2. * J - 1.) 

SUM = SUM + ( ( s  - FJ) * A + F J  * B)/S 

F J  = F J  + 2. 

~ ( 2 ,  1) = e t c .  

ss = 4. 
DO 3 J = 2 , I  

(Use SS i n s t ead  of S so t h a t  S w i l l  no t  have 
t o  be recomputed) 

C(2 ,J )  = (SS * C(2, J-1) - C(1, J-1)) / (SS-1 . )  

ss = ss * 4. 

C(1, J )  = C(2, J )  

or ss = ss + ss (two adds and a s t o r e  
3 ss -z- ss f ss a r e  slightly faster than 

a multiply on t h e  IBJI 

s = s i  s 3 W 7 5 )  
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DE = l + -  

EI = INTF(VC) 

E =z E1 + DE * (I - 1) 
DO 20 I = 1,40 

,- 
( A ,/ 

RM = ZZ/E 
s12 = 0. 

DO 10 J = 1,5 
S12 = S12 + K2 * 2.**(2 * J) * (2.”*(2 * J> - 1.) * B(2 * J) 

(3 1. -x- (((RM - Rl)/R2)**(2 * J + 1) - ( -Rl/R2)**(2 * J -1- 1)) / ( 2 .  * J t -  1) 

10 CONTINLTE 

20 CONTINUE 

* * X Y  ******-)Cf** *********X*X *~%-************************-~*******~~~*-~~x-* ** 

A. 1-1 runs from 0. t o  39. for t h e  loop so: 

XI = 0. or , i f  DE i s  not  changed i n s i d e  the Loop: 

DO 20 I = 1,4Q XI = 0. 

E = E1 + DE * XI DO 20 I=l, lC0 

e t c .  E = E1 + XI 

20 XI = XI + 1. e t c .  

20 XI = XI -I DE 

and, f i n d l y ,  if E, EI, and DE m e  n o t  changed inside t h e  loop: 

E = E1 

DO 20 I = 1, 110 

R4 = ZZ/E 

e t c  

20 E = E - t D E  



42 

B. Notice t h a t  2."" (2*J) could run with t h e  loop: 

2J 
J = l  -+ 2.  = 4.  

5 . 2 2  -+ 2 .  = 16. 2J 

TWOJ = i t .  

DO 10 J = 1, 5 

e t c .  

1 0  TWOJ = 'I'WOJ * 4. 

A s  only 2*J i s  used and J i t s e l f  i s  never d i r e c t l y  used i n  t h e  I-oap: 

DO 10 J 2  = 2, 10, 2 

and use J2  wherever 2*J appears.  

The inner  loop would then be: 

RX = (m - R ~ ) / R P  

RY = -R1 / R2 
RXSQ = Kx * RX 
RYSQ = KY * RY 
RX = RX * RXSQ 
RY = RY * RYSQ 

TWOJ = 4. 

DENOM = 3. 
DO 10 J2 2, lC, 2 

S12 = S12 + R 2  * TWOJ 

TWOJ = TWOJ * 4. 
FX = RX * RXSQ 
RY = RY RYSQ 

10 DENOM = DENOM + 2. 

(TWOJ - 1.) * B ( J 2 )  * (RX - R Y )  / DENONI 

One other  " t r i c k "  could be used here s ince  R 2  m u l t i p l i e s  each 

element of t h e  sum, Sl2. 

t h e  loop on statement 10 and after-  statement 10, put S12 = S12 3 R2. 

Remove t h e  mul t ip l i ca t ion  by R2 which i s  i n s i d e  



43 

x x %******** **********xx**x**.******~*******-E****~**~****~*.*** * x-x -E * x * 

35 

10 

30 

R ( 8 )  = T 

DO 10 I = 1,8 L 3 
R ( 8 )  =: R ( 8 )  F X ( 1 )  

Y = 2. * (Z - .575) * R ( 8 )  - .5 * (1. c T +- X ( 1 )  + X ( 2 )  + X ( 3 )  + @ 
1 x(l+)) - 2 .  * (x(1) J- x(9)) 

@-, 
i/ 

S = Y * (2. * X(2) * (T + X ( 1 ) )  + X(2)**2) 
IF(ABS((B * R ( 8 )  - S)/E/R(8)) .GT. l.E-6) 50, 31 @ 
T = T - (E3 * R ( 8 )  - S ) / ( B  - 2.  * (Z - .825) * (2. ++ X(2) * (T t X ( 1 ) )  

1 + x(2)**2j - 2. * x(2 )  * Y> 
M = M + 1  

IP(M.GT.lO) GO TO 31 
GO TO 35 

The code i s  an i t e r a t i v e  loop. 

A .  

R(8) is. Therefore:  

35 XSUM L- 0. 

Notice t h a t  X(1) t h r u  X(8) a r e  not  changed during t h e  loop although 

DO 10 I = 1, 8 

10 

36 R ( 8 )  = T +- SUM 

XSUM = x(1) + x m  

e t c .  and GO TO 35 becomes GO TO 36 

B. 2.0 -* (Z - .5'75) i s  a eonstant during t h e  loop.  

1.0 + X(1) + X ( 2 )  + X ( 3 )  +- X ( 4 )  i s  a constant  during t h e  loop.  

2.0 3- ( X ( 1 )  + X ( 9 ) )  i s  a constant  during t h e  loop. 

C. 2.0 * X ( 2 )  i s  a constant  and also appeus  twice i n  statement 50. 

X(2) %* 2 i s  a constant  and also appears i n  statement 30. 



D. 

I f  a l l  the "constant" terms were removed: 

36 

B * R ( 8 )  - S i s  used both i n  t h e  I F  t e s t  and i n  statement 30. 

R ( 8 )  = T + XSUM 

Y = C 1  * R ( 8 )  - C 2  - .5 -' T 
ACON = C 3  -X T -t C 4  

S = Y x- ACON 

BCON = B * R ( 8 )  - S 

IF(ABS(BC0N * C 5 / R ( 8 ) >  .GT. l.E-6) 50, 31 

T = T - BCON/(B - C6 * ACON - C 7  * Y) 30 



DO 2 I = 1,NSHIFT 

DO 1 J = 1,NUM 

1 FENERGY(2+ N -1,J) = FENERGY ( N , J )  (ZS\ 
2 N = N - l  

DO 3 I = 2,IWM,2 
DO It J = 1,NAWEXP,2 

P 

’ _ ‘  
I B  CY( (J i i ) / 2 )  = FENERGY(J,I) 

4 CX( (J 1- 1)/2) = XNEP(J) 
DO 5 K = 1,NSHIFT 

XP= BYEP(2* K) 

FENERGY(2* X, I - 1) = FENERGY(1, I - 1) 
FEP = FENERGY(2 * K - 1,I) 
FENERGY ( 2  * K, I) = FEP 

,.#”~ 

(3 

8 5 
5 CONTINUE 

A. 2* N - 1 i s  constant  within t h e  DO loop on statement 1. 

DO 2 I = 1, NSHIFT 

DO 1 J = l , N U M  

1 FEPIERGY(NX,J) = FENERGY(N,J) 

2 M = N - 1  

B. S runs from 1 t o  NAWEXP i n  s t e p s  of 2. 

I_ J+l runs from 1 t o  NAmxp+l i n  s t eps  of 1. 2 



Replace - by JX and: 2 

J x = 1  

DO [+ J = 1, NAWEXT, 2 

CY(=) = FENERGY(J, I )  

cx(Jx) = XNEP(Jj 

ii- J X = J x + . l  

C. Let the DO loop on statement 5 run from 2 to NSHIFT * 2 in steps of 
2 s ince  K by itself is not used in -the loop. 

then use K2 = K + K instead o f  2 * K. 
If K were used in the loop 

NS2 ~7 N S H I F T  i- NSHIFT DO 5 K = I, NSIfIFT 

DO 5 K2 = 2: N S 2  or K 2 = K + K  

XP = XNEP(K2) XP I= xNEP(K2) 

etc. 

E’ENERGY(K2, T - 1) = FENEHGY(1, I - 1) 

FEP 7: FENERGY(K2 - 1, I) 
5 FENERGY(K2, I) = FEP 
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DO 5 I = 1,12 
I X  = I T  

DO 4 J = I X , l O O  

I T = J - 1  

IF(B(J) - BB(~)) I+, 14, 5 
4 CONTINUE 

5 XJ = (BB(I) - B(J-L)) / ( B ~ J )  - B ( J - ~ ) )  

I Z  = II(1) 

DO 5 K = 1 , I Z  

IJ  = 1 /2  

A J  = 1/2 .  - IJ 

AI = A ( I T )  * (1. - X J )  + A ( I T + l )  * fi 
PA z= B ( I T )  * (1. - X J )  + AB(IT+l) * JX 

G: i 
i 5 i i  

P... p - .< ; 

AK = (-785399 - PA) * ( K  - 1)/(1z - 1. + AJ) 

C ( I K )  = SINF(AI) * COSF(AK) 

E ( I K )  = COSF(AI) 

D ( I K )  = SINF(AI) * SINF(AK) 

7 
i 
I 
i 

I K  = I K  + 1 1 3  

A. 

A J  depends on IJ. 

Note t h a t  IJ depends on I and i s  a constant  f o r  t h e  loop on K 

Both could be moved i n t o  t h e  I loop. 

IJ = I / 2  

AJ . 5  * I  - IJ 

DO 3 K = 1, I Z  

Note also t h a t :  

I IJ 1/2 .  A J  

2 1 1. 0 . 

4 2 2. 0. 



and A J  a l t e r n a t e s  between .5  and O., SO: 

fd- = .5 

DO 30 I = 1, 12 

e t c .  

DO j K = 1, IZ 

e t c  . 
3 I K = - I K + 1  

IF(AJ) 31, 31, 32 

31 AJ = .5 

0 TO 30 

32 AJ = 0. 

30 CONTINUE 

B .  

consequently, t h e  SINF(A1) and COSF(AI) can be computed before  t h e  loop: 

The loop on K contains  A I  and PA, ne i the r  of which depend on K and, 

XK = 0. 

DO 3 K = 1, IZ 

AK = CON * XK 

C ( I K )  = CONA -E COSF(AK) 

E ( I K )  = CONB 

D ( I K )  = CONA * SZNF(AK) 
I K  = I K  + 1 

3 XK = XK + 1. 
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