
• 

0 

DEPARTtJlENT OF NU~-'lER I CAL MATHE~1AT I CS JUN 1 

NUMAL, A LIBRARY OF NUMERICAL PROCEDURES tN ALGOL 60 
• 

VOLUME O. GENERAL INFORMATION AND INDICES 

• 

second revision 

• 



R~VlS!O:J RECORD 
2•ND REVISlO~, 1q77 

REA SO: t FOR CHA~GE t 

EXTENS!O~J OF THE LtBRA~YJ 

• 

PAGE 1 OF 2 

C HA NG E S . ~ NO C: 0 R ~EC T I r, ~J S ~ E 5 tJ L T I t J G ~ RO ~·1 D O C :J t-·1 E N T ~ T I O ~.J E. V ALU 4 T I O ti 

. 

·. INSTRlJCTIO~~SI 

THE LAST REVISION OF THtS ~4NUAL WAS l•ST REVISION, 1975,. 

T H I S · 2 • ti O R E V I S I C ~.! A F F E C T S r HE r O L L Q W I ~~ G S E C T l O ~J. S I 

(FOR EAC~ SEC:TlO'··' ALL~ :,AGES ARE MENTIONED TOGETHER \~ITH THE MONTH. 
OF THEI~ ~ATEST REVISION.) 

.. · 2, ·2.·2.· 1,· 
· . 3 • · l • 1 • 1 • 1 • . 1 • . 1. , 

' . . '' 

- . ' . ' ' . 
. . . ' . ' . ' . . ' ' .'. . 

·, ' . . : ' . 

' . ' ' ' 

1•~,7•8. 
s It t, 

. 1· - Q 

•·.· 1 • b 
1 • 4 , b • 7, q • 11 
5 , S 
1·· • 1 
1 • a1 

. 1 11111 4 
· .. 1. • 4 , 
s 
1 • 7 
1 • 12, 1'4 . 

· · . 13 
.. 1. • b 
• .. 1. · • 3 

··. 1 · • 1 
· 1 • 14 · 

1 • 3 
.JJ t;. . 

· ... 5.·.·· 
. . -· 

l • 
· 1 -
1 -

""l c;; . 

1 . . ' . 
. 

. . . -

. ,, . 

MTH/YR 

.OEC/75 
MC~f/77 

· JAN/76 . 
. JAt'411t1 
OCT/74 

.. MCH/77 
MCH/71 

· JA.N/76.· 
MCH/11 
OCT/7S . 

· HCH/77 .· 
. ~:fOV /76 · 
MAY/14 

·NOV/76 
·. JAN/76 

JAN/76 .· 
. ·.····.JAN/76 · 

. JAN/7& · 
DE /., ~ .. . ·. C .··:) · .. 
~~OV/7b 

· ~,.AV/74 
.. i~OV/7 b •·. 

~~OV/76 . . 

. . N0\//7& ·. · 

.. ' ' 

. . " . 



REVLSlON RECORO 
2•NO REVtSIO~, 1977 
SECTIO'J 

tJ, a. 3. 
s, 1. 2. 1. 2. 

s. 2. 1. 1. 3. 
s, z. 1. Z, 1 • 2. 1 • 
,. 2. 1. z. 1 • c? • 1 ' 
s. z. 1 • z. 1 - 2 2. • - • 
6t. 1. 
&, 2 -• -

b ' • lt. a. 
- -

-&. s. i •. 

-

1 • 
z. 
1 • 

' 

PAGES 

-1 • ' 
3 
1 • Z 
3 • q 
1 • 1 
1 • 3 
4 

' ' 

1 • q _ , o • q 
5 

- -

• 

• 

, 5 • 14 

1 
1 , 3 

' 4 
, 1 • q 

2 
1 • 7 
1 • 14 
1 • e 
1 • 13 
1-• a 
1 • 5 
1 • b , 8 • 9 
7 
1 -, 3 • S 
2 '' 
1•14,10•1•--
15 
1 •·11,13 •15 
12 
1 • 12 -
13 

PAGf 2 o, 2 

MT ►i/YR 

• 

J4N/7o 
f\lOV /7& 
OCT/7/J 
Ju1..11a 
~lOV 11c 
JUL/74. 
MCH/11 
~tOV 11b 
0CT/7S 
f-.JOV /To -
OCT/15 --
NOV/Tb 

_ N0\1116 
OCT/1Lt 
MCH/11 
NOV/76 

-- JAN/76 
_ JAN/16 
JAN/Tb ... 

JAN/To· 
JAN/16 -

-SEPIT4 
- -MCH/11 -

MCH/11 
SEP/14 
SEP/74 
MCH/77 
OCT/74 
MCH/71 

_ OCT ITS 
MCH/TT _-

. ' ' ' 



CUMULATIVE QEVISIO~ R!CORD 
2•ND ~EVISION, 1Q17 

T ~➔ I S C •~J f"1 u t., A T I \IE ~ E \I I S l O N RE C OR D ME r .J T I O N S A L L, P A G E S OF T HE. 
CURRENT \JUMAL•DuCU'if:~4TATtO .. J AND THE MO~JTH Or THEI.;, LATEST 
REVISION. 

SECT IO~~ PAGES 

1 • 3, 5 • o 
4 

MTH/YR 

~1AY/74 
OEC/75 

Of~OTES TrlAT S~CTIO~J 1. 2. Q9 ( FIRST APPEARANCE MAV/1Q74) 
CONSISTS o, b 0 •GES1 ~AGE~ WAS REVISED IN OEC/1975. 

ALL PA.GE$ Tt·JAT A~E \JOT corJTAii·JED IN TtiIS LIST ARE OBSOLETE 
A ~-! 0 r"i A V E T O B E D E L E f E O 1 

SECTI0~1i1 PAGES 

• • 
1. 1 • 1. 1 • 2 

l • 4 
' 

l • 1. 2. 1 • '5 
" • 

l. 1. .3,. 1 • LL 
• 

l • 1 a 1 8 1. 1 • 4. • , • 
5 • 6 

f 

1. t • ti 2, 1 • 6 ,. , 

1. 1. J 3. 1 • e ·• ~ 

1. 1. - 1 s 7 q ::, • • ' • 
& ,. 

1. 1 • b. t • 2 ' 
l.J, 

I 0 • 1 
' ' 

l , 5 
• " 

1. 1. 7. 1. • 3 .. • 

1. 1. a. 1 • q 
., 

1. t • 9. 1 • 2 .. 
1. 2 •• 3. 1 , 3 

~ 
2 

1. 2. 4. 1 • 3 , 5 • 6 
14 .. 

1. 2. s. 1 , 3 • s 
• 2 

1. 2. 1. 
~ 

1 • b 
1. 2. 8 

• • 1 • 2 • 

1. 2 1, • 1 • IJ 
• • 1 . 3. ,I 

1 "' A. • • • ... 

l. :s. 2. 1 , 3 "' 

2 

MTH/VR 

APR/74 
DEC/75 
APR/7'1 
APR/74 
oe:C/75 
MCH/77 
DE.C/15 
JA.~l1b 
APR/7/J 
DEC/75 
APR/74 
DE:C/75 
APR/74 
OCT/75 
APR/74 
MAV/74 
OEC/75 
~AY/74 
DEC/75 
~AV/71J 
DEC/75 
JAN/71:> 
D~C/75 
OEC/75 
~AV/74 
MAV/7/J 
DEC/75 



C U M U L A T I v' E R E V I S l O .•. J 
Z•~O REVlSIO~, 1q77 

1 • Lt • 

• '" 

1. rs. 1. 
• .. 

1 .• 5. 2,, 
1. s. l. 

• 

2. 2, 1. 1 • 
p 

2. 2. z, 1 • 
2. 2. 2. 2. .. 
2. 2. 3. 1 • 

. 

z. 3. 
' • 

2. 4. 1 ., 
2. fJ • 3" 
l. 1 • 1. t • 1 • 1111 1. 

.. 
3. 1 • 1 • 1. 1. 1 • 2. .. 
3. 1 • 1, 1 • 1. 1 • 3. 
3. 1 • 1 • 1. 1. 1. "· 

-
l. 1. 1. 1 • 1. 1 • 5. 

-~ 

• 
3. 1 • 1 • 1 • 1. 2. 1. 

3. 1 • 
• 1. 1 • 1. 2. z. 
~ 

3. 1. 1. 1 , 1. 2. 3. 
• 

3. 1. 1 • 1 • 1. 2. 4., 

• 

3. 1 • 1. 1 • 1 • s. 1. 
" 3. s. 1 • 1. 1 • 1. a. 

3 • 1. 1 • 
j 

1 • 1. 3. 3. 
3. 1 • 1. 1 • 1. 3. !.l ·• ~ 

3. 1 • 1,. 2. l • 1 • 
3. 1 • 1 • 2, 1. 2. 

• 

3. 1. 1,.. 2. 1. 3. 
3. 1 • l • 3, 1. 1 • 

, 

3. 1 • l • 3, 1. 2. 
• 

3. t • l • 3. 1 • !. 

3. 1 • 
.. 

l • 3 II l • 4 • 

3. 1 • 2. 1 I 1 • 1 • 1 • 

l. t • z. 1 • 1. 1 • 1 • 

2 OF 
' . 5 

PAGES 

1 • 4 , b • 1 DCT/74 
'S , 8 NQV/7b 
1 • 1 JAN/7c 
1 • 21 JA~l1b 
t .. a • MCM/71 
1 - 4 , 6 OCf/75 ,. • 

s ~CH/77 
t • 7 ~IOV/76 
1 • s OCT/75 
1 • 14 OCT/74 
1 • 2 MAY/74 
1 • 2 DEC:/15 
1 • 3 OCT/74 
1 • 1~, 14 MAV/14 
13 NOV/16 
1 • 2 MAY/74 
1 • 1 1 '·4A V / 14 
1 , 3 , b , 8 OEC/75 
z , 4 Ill s , 1 

' 
Q • 12 ~AV/74 

5 t • 2 , • 1 , q • 13 MAV/74 
' 

3 • " , e OEC/1S 
1 • l ~AV/14 
4 DEC/7S 
1 DEC/15 
2 • 3 HAV/74 
1 • 2 , ~AY/74 
l • ~ • DEC/75 
1 • 7 , t",) , 11 • 1Z M«AV/7~ 
8 , 10 OEC/75 
1 • & JAN/76 
1 • l JAN/16 
1 • 1 JAN/Tb 
, • 1 l.J JAN/16 
1 • 6 ~AY/74 
1 • 6 MAV/74 
1 • lJ OCT/74 
1 • 3 DEC/75 
4 t1AY/T4 
1 • 3 DEC/15 
4 • 5 ~AY/14 
1 • 3 OEC/75 
4 ~-IOV /1 b 
5 h,4 AV/ 7 /~ 
l , 3 • 5 MAY/74 
2 DEC/7S 

t .• 1 Dl:C/7~ 
2 • ti JU"J/1A 

2., 1 JUt\J/7'4 



11 

C U 11 UL A T I Y E R E V I S l n ;,J ;{ E C ti R 0 PAGE 3 OF 5 
2•~0 REVISIOi, 1q77 

SECT IO '.J PAGES 

2 OEC/75 • ; 

3. 1. 2. 1 • 1 • 1 • 1 • ;. 1 • 2 ' 14 • b JUN/74 
3 DEC/75 • , 

3. 1 • 2. 1 • l • 1 I 2. 1 • t • 2 , 4 • s JUN/74 
3 ' , DEC/75 

l. 
.. 

1 1. 2. 1 • l • 1 I 2. 3. 1 • , q • 10 JUN/74 
8 DEC/75 • 

3. 1 • 2 .. 1 , 1 • 2. 1 • t • 1 DEC/75 
2 • 3 JUN/14 • 1t 

3. 1 • 2,. 1 ti l • 2. 1 II a. 1 • 2 JUN/74 
3. 1 • 2. 1 • 1 • 2. 1 • 3. 1 OEC/75 

2 111P lJ JU"t/7Ll • .. 
3. 1. 2,, 1, 1. 2. z. 1. 1 111111 2 JUN/114 • 

3. 1 • 2. 1 • 1 • 2. 2. 3. 1 • 3 , 5 JUN/1'-J 
4 DEC/15 ,., 

3. 1. 2. 2. 1 • 1 DEC/15 
l • " JUN/7/J "' 3. 2. 1. 1 • 1. 1 • 5 JUN/74 ,, • 

3. 2. 1. 1 • 2. 1 • 2 , • 5 JUN/74 
3 DEC/75 • 1i 

3. 2. 1., 2. 1. l • 1 • 10 JUN/14 
3. 2. l • z. l • 2, 1 , J • 6 JUN/74 

l • OtC/75 • ., 
3. 2. l 1t z. 2. 1 t 1 • 1Z JU~/74 
3. 2. l ,. z. 2. 2. 1 • e JUf\4/74 
3. 2. 2. 1 • 1. 1 , 3 DEC/75 

a , " • t, JU~/74 • ,. 
3. 3. 1 a 1 • 1 • 1 , 3 • 5 , 1 • 13 JUL/71.l 

l , 6 DEC/TS • ... 

3. 3. l • l • 2. t • 15 JUL/1" .. 
3. 3. 1. 1 • 3. 1 • 1 • 5 ~OY/16 " 

:3. 3. 1 • 1 • 3. 2. 1 • 2 NOV/7o ,. 

3. 3. l • 1 ' 3. 3. 1 - 1 NOV/1b .. 
3. 3. 1 JI 2, 1. 1 • 2u JUL/14 
3. 3., 1. 2. 2. 1 • lb JUL/74 , ,. 

3-. 3. z. 1 I 1 • 10 JUL/74 • , 

3. 3. 2. .) 1 • 1 • 12 JUL/14 .....;of 
• 

3. 3. 2. z, 2. 1 • 1 JUl,,/74 • 

3. 4. 1 2, 1 • 28 JAN/1b •• • 

3. 5. 1. t • 1 • IJ Of;C /75 
s • b JUL/74 , • 

3. s. l. 2, 1 , 5 • & JUL/7a 
2 • q DEC/15 • 

3. ' 1 • 1 (). DEC/75 
2 • 5 OCT/74 • , 

, 3. 6. 2. t ,3 , 5 • 14 NOV/7b 
2 ,, 

OCT/7~ ,➔ 

• 



ClJ~~ULA TI ve: REV 1s10:1 RECORD 
2•NC REVISION, 1q77 

SECT IO)~ 

• 

3. b. 3. 
4. 1 • 

' 

"· 2. 1, 
4. 2. 1 • 

• 

4. 2. l • 
• " 

ti. 2. 2. .. 
q. ~ e:.. 3. 

• ' 

4. 3. 2. 1 • • 

s. 1 • 1 • 1 • 1. 
• 

s. 1 • 1. • 1 • 2. 
s. 1. 1 • 

• 
2. z. 

s. 1. a. ., t • 1 • 
s. 1. z. 1 • ~-

.. 
s. 11' 2 .. 2, 1. 
5~ 

~ 

1. 2. ~. 2. 

s. l • 
• 

2. 2. 3. 
• 

s. 1. 3_. 1 • 3. 
-

s. 2. 1. 1 • 1. 1 • 
- • 

s. 2. 1. 1 • 1. 1 • A. 
;-

s. 2. 1. ,, 1 • 1. 1 1111 B • s. 2. 1. 1 • 1 • 1 • c. 

s~ 
,, 

2. 1 • 1 • 1 1111 t • 
.., 
v. 

~ 

s. 2. 1 • 1 • 1 • t E • ... 
-• 

s. 2. 1 • 1 • 1 • l • F' • ,. 

s. 2. 1 • 1 • 1 • 1 • G. 
-

s. 2. l • 1 • l • l • t l • . • 

s. 2. l • 1 • 1 • 1 • I• 
s. 2. l • 1 , 1 • 2. 

• • 

s. 2. l • 1 • 1 • ?, A. 
" 

s. 2. 1 1 • l. 2 • • 

tl • .., • • JI 

s. ?. l ,. 1 • 1 • ".l c. t;._. 

~- 2. 1 • 1 • 1. 2. "' .,: • -r- 2. l ~ 1 • 1 • 2. E. -.:>,.. 

5. ?. 1 • 1 • 1 • 2. F • .. 
s. ?. l • l • 1. 3" • .... 

2. l • 1 • 1 • 3. A• ':) ·• 
• 

t· 2. 1. 1 • 1. 3. ·"'1 
j. '"'!t 

"-·· • 
- " r; • ?. t 1 2. 1 • ... lilt •• 

PAGE OF S 

PAGES MTH/VR 

1 • ? JUL./74 
1 , 3 • 6 JUL/14 
z DEC/15 
1 JUL/T4 
1 • z ' JUl./1U 
3 NOV/7b 
1 • 2 JUL/TU 
l - 4 MCH/77 
1 • s ocr1rs 
1 • 1 ~OV/16 
1 • tJ OCT/TU 
l • 7 CCT/75 
1 • 4 OCT/75 
1 • 10 OCT/74 
1 • 3 OCT/75 
1 • 3 OCT/75 
4 NOV/1b 
1 • 8 OEC/75 
1 • 4 , b • q OCT/1'3 
s NOV/7b 
1 • 13 DEC/75 
1 • 17 DEC/75 
1 • 2 ALJG/14 
1 • !J AUG/74 
1 - b DEC/15 
t - 2 , "' • 6 A\UG/74 
3 DEC/75 
1 • l lJ • , AUG/74 
3 DEC/75 
t I 3 , 1 • q OCT/7/J 
2 ' 

4 " b t~C H/17 
1 • 11 AUG/1'4 
1 , J • & AUG/714 
2 DEC/75 
1 • q DEC/15 
1 • 10 AUG/14 
1 NOV/1b 
1 • b AUG/71.6 
1 • q A LJG/7 LI 
t • ~ OCT/74 
1 • A AUG/7q • • • 

1 q OCT/74 • • 

1 • 12 OCT/75 
1 A t,1G/74 
1 I 3 • 7 ALJG/14 
2 OEC/75 
t • 8 AUG/74 
1 OE:C/75 



CUfw1ULATIVE ~EVlSlOtJ R!CORO 
2•ND REVlSIO~, 1q17 

SECT IO··~ 

s~ 
~ 

2. 1. 1. 2. 1 • A.. 

s. 2. "' 1. 1. 2. 1. B • 

s. 2. 
.. 

1. 1' z. 1. c. 

s. 2. 
~ 

1. 1. 2. 1. o. 
' .. 

s. 2. 1. 1. 3. -s. 2. 1 ... 2. 1. 2. 1 a t. 
• 

s. 2. 1. a. 1. 2. 1. z. 
• • 

s. 2. 1. 2. 1. a. z. 1. 
• 

s. 2. 1" 2. 2 1 • 2. 
. "' • 

s. 2. 1. 3. 1. 
6 • 1. 

, 

&. 2. . 

6. 4. l. 
• o. 4. 2. 
,I 

o. s. 1. 
• .. 

6. s. z. 

o. 6. 
• 

o. 1. 
• .. 

6. 9. 1. 
• y 

b • q. 2. 
• .. 

6.10. 1. 
• 

6.10. ,. 
• .. 

6.10. 3. 
• 

0.10. 4. 
1. 1. 

• 

3 · • 7. 1. 2. 1. 

• 

PAGE 5 or S 

PAGES MTH/YR 

• 

1 • 3 OEC/75 
4 • 5 4UG/7'J 
1 • u DEC/75 
5 • 7 AUG/74 

3 DEC/15 1 • ' • 

4 • $ AUG/7'l 
1 • 3 DEC/15 
4 • b AUG/14 
1 • 1 NOV/16 
1 • 1U JAN/76 
1 • 8 JAN/76 
1 - 13 JAN/70 
1 • 14 OtT/14 
1 • 23 OCT/7S 
1 • 2 J A~J/16 
1 • s JAN/76 
1 • 5 SEP/74 
1 • b , e • 9 $EP/74 
1 MCH/71 
1 • 11 SEP/74 
1 ' l • 5 HCH/7'1 
2 SEP/Tt.t 
1 • 1 q, lb • 1 q SEP/74 
15 MCH/77 

• 

1 • · 11, 13 • 15 OCT/14 
12 MCM/77 
1 • 1q OCT/75 
1 • 20 OCT/15 
1 • 10 OCT/75 
1 • 1~ ,. OCT/75 
13 MCH/77 
1 • 10 OCT/1$ 
1 • e OCT/7'5 
1 • 2 SEP/74 
1 • t1 DEC/75 



OF A~GO~ oO PROCEDURES I~ NU~ERlCA~ MATHEMATICS 

• 

V :lL IJ~t 0 
\IOLU~E 1 
VOL tJ'1 e. Z 
V UL U"~E 3 

4 
5 
b 
7 

G E N E R A L I t 1 v: 0 R t,,, A T I O f;J A '-JD I tJ D I C E S 
EL E ~-IE: f J T AR Y PR O C E O tJ RE S 
ALGEBRAIC EVALUATIO~S 
L.lNEAR ALGEBRA 
Af~ALVTICAL EVALtJlTlONS 
ANA~VTICAL PROBLE~fS 
5 P E C l A L F t t • 1 C T l O 'l S A t~ t O C O ►.J S T A ~~ T S 
I~TEPrOLATia~, A~,, APPROXIMATION 

:· ' A T ~➔ E 1~1 A T I C A L ~ E : 1 T R E , A • l S T E R O A ' 1 

2 • ~ L: ~ E V I S I (; N , 1 q 7 7 

• 

• 



NO PART OF THE LI6RA~Y ~iUt·1AL \1AY BE REPRODUCED, STORED IN A 
ijETRIEVA.L SVSTE~~, OP TRA~S~ITTED, IN A'JY FORM OR av ANY MEANS, 
f.LECTRO'~IC, ~HOTOCOPVING, RECORDING, 0~ OTHERWISE, WITHOUT THE 
PRIOR WRITTEN PER~ISSION OF TJiE ACADEMIC COMPUTING CENTRE AMSTERDA~ 
(SARA) OR THE ~AT4EMATlCAL CENTRE (AMSTERDAM), 

' 



THE LIBRARY ' ' 

CO~'TENTS OF VOLUMt 0 

GE~E~AL IriFORf1AT10N ANO INDICES 

0 .1 GENERAL INFOR~1ATION 
0 .z SYSTEMlTICA~ INDEX 
0 .3 INDEX BY CODE NU~BER 
O .q KWIC INDEX 



2-nd REVISION, 1977 

GENERAL INFORMATIO~ 

INTROOLJCTION. 
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AT THE REQUEST OF THE ACAOE~IC COMPUTING CENTRE OF A~STERDAM (SARA)THE 
MATHEMATICA~ CE~TRE HAS ADAPTED AND EXTENOEO ITS LIBRARY OF NUMERICAL 
PROCEDURES FOR USE WIT~~ TH! CO CVBER 70 SYSTEM, T~E RESULTING LIBRARY 
IS CALLED ''NUMAL" C "NUM"E~lCA~ PROCEDURES IN "AL"GOL &O ). 

• 

THE AI~ OF NU~AL IS TO PROVIDE A HlG~ LEVEL NUMERICAL LIBRARY 
FOR Al.GOL <,o F'ROGRAM~ERS. TtiE LIB~ARV CONTAt\JS A SET OF VAL.lOATEO 
~UMERICAL PROCEDURES TOGETHER WITH SUPPO~TING OOCUMENTATION 1 

EXCtPT FOR 4 S~AL~ NWHBER or DOUBLE PRECISlO~ 4RITMHETIC ROUTINES 
ALL THE SOURCE TEXTS ARE WRITT!~J lN ALGO~ bO AND TH!V ARE TO A HIGH 
DEGREE I~JOEPE~OE~JT OF Tli£ COMPUTOR/COMPILE" USED, 

THE LIBRARY IS UNDER COtJTI~UOUS DEVELOPH!NT AND ,HENCE,ANY DESCRIPTION 
WILL BE AN INSTANTANEOUS O~E. T ►iE MATHEf·1ATICAL CENTRE WILL DISTRIBUTE 
UPOATl\JGS 4ND EXTENSIONS OF' TriE ~ANUAL. O~JCE A YEAR, 

ORGANllATION. 

EACH ?Rt:iCEDt1RE OF T4E L.lBRARY IS 
CODE NUMBER, TrlE CODE 'JLJ~BER MAS 
PROGRA~, ~EFERE~-icE IS ~.DE TO TriE 

lDE~TlrIEO BY A NAME ANO A 
TO BE USED WHEN, lN AN ALGOL 60 

PRE•CO~PILED PROCEDURE IN THE 
OBJECT CODE LISRARY. 
ALL PROCEDURES IN ~JU~Al ARE CLASSI,lfD ACCORDING 

• 
TO SLIBJECT • 

THE SUBJECTS ARE lDENTtFt!D BY A SECTION NUMBER, 
T H E t-~ A ~ J t\ L, I S O R O E ~ E D B Y T HE SE S EC T I O r,.J N U M a E R S • 

IN ORDER TO FIND A PARTICULAR PROCfDUR~, THERE IS .A SYSTEMATICAL INDEX 
I!J WHICH AL.L ?ROCEDt.JRES C T~·iEl~ "-JAMES A~O THEIR'•,··-c.QOE NUMBERS) ARE 
~~ E "' T l O \~ E: D , C L A. S S 1 F l E O R V l t..f t: t R S EC T I O f\t \I UM 8 ! ct C I • E • B V S LJ BJ f C T ) • 

FOR CROSS REftERt,JC!NG T~E~E IS AN INOEX BY CODE NUMBER, 
11 A S R E f=' E R E \J C E S T O P R O C E D :J R E t ~ A ri E A NO S E C T I o· N N UM R E R , A ~-J D 
IS ALSO A KWIC INDEX I~ A~lCft KEYWORDS At4D PROCEDU~E NAMES 
BEEN O~OERED ALPHABETICAL~¥. • 

WHlCH 
THERE 

HAVE 
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GENE:RAL I~lF0q'1ATIO~J (MAY 1977) 

MC 

PAGE 

THE MAJOR ~ART Of THE LIB~ARY CONSISTS o, PROCEDURES THAT HAVE BEEN 
OEVtLOPt~ AT TrlE t1ATHt~ATICAL CtNTRE. HOWEVER, SOME PROCEDURES ARE 
A DA P TED VERS I O~JS OF PRDCEOURES PUSL, I StiED I l'j THE LITERATURE, 
t~ PARTlCU~l~ A NU~BER OF PROGRAMS ARE DERIVED FROM PROCEDURES 
PUB L, l SH E O 6 Y G • ti • GO L U a A "4 D C • R E. I tJ SC ri • , 

EDITORIAL SOARD. 

~ E W C O ~J T R ! 6 U T I O J J S C A ~~ B E 1 N S E R T E O l F T r·i E Y S A T I S F Y T H E S T A ND A RD S A ~ 0 
If THEY FIT I~JTO THE rRAt1EWORK or ~JUMA~. CONTRIBUTIONS CAN 8E 
8UB~1!TTED TO ONE OF T~~t ME4BERS Of THE E:!)ITORIAL BOARD1 

FURTHER INFORMATio~j CA•J BE OBTAINED 'ROM ~.w. ~EMKER, MANAGirJG EDITOR 
Of THE NLJMA~ PROJECT 1 

• 
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CLASSIFIE.0 ACC'1RCiI~JG TO SlJBJECT, Tri!S INDEX CONTAINS THE NAMES OF 
THE PROCEDJRES AtlD THE CORRESPONDING CODE NUMBERS, THE DOCUHEtJTATION 
OF. Tt➔ E PROC£D 1JRE5 IS PRESENTED It~ VOL,Uf1E$ 1 TH~OUGH 7 ANO I$ ARRANGED 
ACCOROI~G TO SECTIO~J '~Uf1Bf~S, HENC! ~EFERENCE tS IMMEDIATE, 

lij AODITtO~ TO THE CODEfJUMBER At~O TtiE NAME OF EACH PROCEDURE THE MONTH 
OF F I RS T A P ,=t E A R A NC E' 0 F T HE f l t J AL DOC l.J t~1 E ~J T A T I O '~ 
A SEPARATE REVISION RECORD EN•BLES THE USER 
'1ANUAL lS ACCURATtLY JPDAT!O~ 

• 

T O l. 0 C A TE 4 P I EC E OP' DOC UM Et! TA T I O ''4 l N 
USE ~ITH THE CO CYBER 70 SVSTEH) THE 
T ~I E R E C O RD N i.J M 8 E R C L E V EL O l W HE Re: E A C H 
F OU ~ D O ~ ~ T HE J o C U t•1 E tJ T A T I O ~·J F I LE ( l I C • ON 

IS LISTED, 
. 

TO CHECK WHETHER HIS 

MACHINEwREAOABLE FORM CE,G FOR 
SYSTEMATICAL I~,DEX ALSO GIVES 
PIECE OP DOCUMENTATION CAN BE 
TAPE), 

FOR USE WlTrl THE CO 
IS AV41LABLE A~IO 
THIS LIBRARY FILE 
ARE LOADED. 

CYBE~ 10 SYSTEM, THE O!J!CT CODE Of THE PROCEDURES 
IT IS COiJTAIN!:O t~~ TH! 1.IBRARY FILE "NU~1AL3'' • 
CA~J AE t .. tSED WHEN PROGRAMS COMPILED UNOE:R ALGOL 3 

~OR US! or A LIBRARY rlLE SEE E.G, 
CDC SCOPE REF. 4 ANU4L, CHAPTE~6f 
C O C I ~ T E RC LJ i.1 R E F" • ;· ! A :~t U A L. , C HA P T ! R 3 , 



f•i"\G,V 
.I, ,.li..A 

1 , El. E ~~ E '4 T A R V P R O C E D lf i~ E S 

1. 

\ • ~ E A I. ·v £ C T A ~-10 ~ A T O ~ER A T l O ~! S 
1 • I kl I T I A L. I Z A T I O t,.J 

2 • 0 U F' ·~ I C A T I O ~, 

l.~UL,TIPL.?CATION 

4.SCAlA~ PRODUCTS 
!,VECTOR VECTOR PRODUCTS 

2,HATRii VECTOR PRODUCT! 

• 

l,MATR?X MATRlX PRODUCTS 

-

SeELlHlNATlON 

' 

1 • s. 

PROCEDURE 

I~·JIVEC 
I i·l l MAT 
I~Jl'1ATO 
IN IS Y ~~o 
INISV~ROW 

DUf,V E. C 
DUPVECROW 
OUPRCt~VEC 
OUPVE.CCOL 
OUPCOL.VEC 
DUPf1AT 

MULVEC 
~4ULRQW. 
~1'JLCOL 
CCLCST 
ROWCST 

VECVEC 
MATVfC 
TAMVEC 
t-fAi~AT 
T AH•~ AT 
MATTA~ 
SEQVEC 
SCAPRD1 
SYMMATVEC 

FIJL~ATVEC 
FUL TA ►~ VtC 
FULSY''~ATVEC 
AES 1vEC 
SYMRESVEC 

tfSHVtCMAT 
HSHCOL,MAT 
H S ~ R (l t; t·4 A T 
HSH\'ECTAM. 
HSl-iCOLTAM 
HSI--IROWTAM 

ELMVEC 
ELMCOL. 
E\..~1ROW 
EL.HVECCOL. 
EL.--1CO~ VEC 
!~~VECROW 
E L .. , RO w V r: e 
ELMCO~ROW 
ELMROWCOL 

' 

• 

' 

CODE 

• 31010 
• 31011 
* 31012 

31013 
3101Q 

* 310 lo 
* 31031 
* :31032 
* 31033 
• 3103Q 
* 31035 

* 31020 
• 31')21 
* 31022 
t 31131 
* 31132 

* 31J010 
• 3Lt011 
t 3~012 
• :SiJ013 
t 3'1014 
t 3tJ015 
* 3:J01b 
t ll.1011 

3l.l O 18 

• 31500 
t 31501 

:s1,02 
• 31503 

31S04 

t l1070 
w 31071 
* 31072 
* 31073 
t 3107'4 
t l1075 

* 
t 
• 
* 
• 
• 
* • 
* 

JQ020 
3Ll023 
3"02lJ 
3/J02t 
34022 
3402& 
J(J027 
34029 
li.1028 

MNT/YR 

APR/74 
APR/74 
APR/7a 
APR/74 
APR/74 

APR/74 
APR/74 
AP~/74 
APR/7/J 
APR/74 
Af'R/71.& 

APR/74 
APR/74 
AP~/7'4 
APR/74 
APR/74 

OEC/75 
OEC/7S 
DtC/75 
D£C/75 
OE.C/75 
OEC/7S 
OE.C/15 
DEC/'15 
DtC/75 

DEC/7S 
OEC/75 
DlC/75 
OEC/75 
OEC/7S 

JAN/7o 
J At✓/ 7 6 
JAtJ/76 
JA"!/7b 
JAN/7b 
JAN/7b 

APR/74 
APR/7L. 
APR/7lJ 
APR/74 
APR/74 
APR/1lJ 
Al'Q/74 
APR/1'-' 
APR/7Q 

RECCRD 
1'.UMdf:_~ 

• 

' 

,"· 

r 

7 
7 
7 
7 
1 
7 
7 
7 
7 

15 
lS 
15 
15 
15 

• 

2b9 
269 
2bCJ 
2o9 
269 
2b~ 

9 
0 
• 

q 
() 

q 

9 
9 
q 
9 

(I) 

-< 
(./) 

....... 
"" "·i• 
·• n: 
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-t 
t, ng 

n 
► r 
I i 
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'fTI 
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► 
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I n 
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-..a . ,, 
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► 
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I: 
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0.. 

~ 
trl 
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H 
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H 
0 z 
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\..0 
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1 • 
• 

• 

z~,ocx 

1 t 5 111 

. 6, l}~TERC;f A;~G I t..JG 

7.ROTATI01~ 

8 • ~JOf~MS 

9,SCALING 

2 • C O \1? L VE C T A ~JD M A T OPE RA T l ON S 
1 • 
z. 
l,~U~Tl~LICATION 

411 SCALAR PRODUCTS 

5,ELI4I"JATlON 

f> • I' l TE RC HA ~JG I ~ G 
7.RDTATION 

o.~oRMS 

9.SCALI~G 

l • C O "4 P L E X A R I T Lt t t E f I C 

• 

1 • :1 O i l A J I C t1 P E R A T I O t-~ S 

Z,OVADIC OPERATIONS 

1. 3. z. 

• 

• 

?ROCfDURE 

MAXELMROW 

ICHVEC 
tCHCOL. 
IC~RCw 
ICHROWCOL 
lCI--ISEQVEC 
ICHSEQ 

ROTCOL. 
ROTROi~ 

? NF ~! R !•1 V f; C 
I NF ~~ R ~~RO w 
INFNR~COL 
I N F :·, R ~ l fl1 A T 
O~~Ef'RMV£C 
O~'E~JR'~ROW 
0 ~~ E ~! R "1 COL 
0 ~J E N R li MA T 
Af3St,,1AXMAT 

REASCL 

COMCO~CST 
COMRO~CST 

COM~ATVtC 
HSHC0~1COL 
HSHC O~~PRO 

ELMCOMV~CCOL 
ELMCOMCOL 
EL.MC 0~1ROWVEC 

R O T C 0. ~,. C O L 
ROTCOMROW 
CHSH2 

CO~tEUCNRM 

COt-45C L 
SCLCOJ.1 

COMABS 
CQ~1SQRT 
CARPOL 

COMMUL· . 
C0'"401V 

• 

• 

' 

• 

• 

COOE 

t 31.1025 

t !UO:SO 
* 34031 
t 34032 
* 3tJO:S3 
* 3lJ034 
• 34035 

* 34040 
t 3Li041 

• 31061 
* 3106~ 
• 31063. 
* 310b4 
* l10b5 
t 31066 
t l1067 
t 310b8 
* l10bt.l 

l418l 

3/J:SSZ 
3U353 

5a354 
J(.355 
3q3So 

3tl316 
34377 
34376 

3l.357 
34358 
34611 

343S9 

34193 
3"3b0 

343UO 
l"3Q3 
343'44 

3431.11 
31J342 

• 

~NT/YR 

APR/7~ 

APR/7'J 
APR/74 
APR/74 
APR/74 
APR/7Q 
A?R/7U 

APR/74 
APR/7'4 

OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 

APR/7'4 

MAY/74 
MAY/74 

MAY/14 
MAY/7/J 
MAY/74 

MAY/1Q 
~AY/7q 
MAY/74 

JAN/7b 
JA~J/70 
JA~/1b 

OEC/15 

OEC/75 
DEC/75 

MAY/74 
"1AV/74 
MAY/74 

tltAY/74 
MAY/74 

RECORD 
NUMBER 

q 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

ll 
13 

241 
241 
2Lt 1 
241 
241 
2u1 
241 
2U1 
2a1 

17 

21 
21 

23 
23 
23 

25 
25 
25 

287 
287\ 
287 

31 

29 
29 

3S 
35 
35 

11 
31 

• 

u., 
-< 
tn ...... 
!- '' • ~,,,, ,· 

• -- ,,, . 
> 
..... 
~ ' 
n 
-~ 

r 
• f 

z 
0 
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• • 
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I ~:ncx PROCEDURE CODE MNT/YR RECl1RO 
NU~8ER 

(A 

-< . " " ' 

' (I) 

1 • . a.LO~G INTEGER ARITHHtTlC -4 
N fTI I L~?GINTAOD 31200 OCT/7~ 201 •► :,p, 

111a,:. =' L ~ l G l tJ T SUB TRAC T 31201 OCT/'14 201 > Q.. 

LNGINTl.1ULT 31202 OCT/14 201 --4 
• • L ~JG l N T D l V I D E 31201 OCT/7Q 201 n <: L~~G IN TPCwCR 3120 t.J OCT/74 201 > H 

5,LO~JG REAL ARIT•itiETIC r en 
H 1.ELE 11 , ARITH~ETIC OPERATIONS 

I •I 0 
OP ADD t l1101 MRC/77 2'11 I ;!!It z .,,_ 
DP sua 31102 MRC/77 271 " • 0 

' OP ._~UL • 311 O l MRC/77 271 ,.,, 
' X \.,0 ' 
i DP DIV t 31104 MRC/77 271 • 
I -...J I 

I DP P0:4' 31109 MRC/77 271 -...J I 
' ' ' ' ' ' LNG ADO * 31105 tl.RC/77 271 • 

LNG sua • 31100 MRC/77 Z71 • 

L ~IG MUL * l1107 MRC/77 271 
L~JG 01\/ • 31108 MRC/77 271 
l. •~G POW 31110 MRC/77 271 

2.SCA~A~ PRODUCTS 
L ~-l G ~• E C V t C * 3QIJ10 JA~/7b 285 
L~lGHATVEC * 3"411 JAN/76 2F45 

- '+ L ~JG T A ~1 VE C • l44l2 JAN/1b 285 3: 
L ~~ G ' I A T tui A T * 3~413 JANl7b 285 ' ► 
L tJ GT A ~1 ~4 A T * 34Lll~ JAN/7b 285 -< 
LNGtlATTAH * 34415 JAN/7b 285 • 1111 

Lt~GSEr.JVtC t 34ij1b JAN/7o 2$35 ·.O 
LNG5CAPR01 • 3UiJl7 JA>.J./"lb ,es ....... 
L NG S V "i ~~ A T VE C l4418 JAN/7b 285 ...... . ., 
L ~! G F UL. t-' A T VE C • 31505 JAN/7b 285 
LtjGF'UL. T AMVEC 3150& 

• 

* 'JAN/76 2fi5 
LNGFUl.,SVMMATVEC 31501 JA~/7b 285 
LNGRESVEC * 31508 JAN/1b cBS 
L ~I GS Y MR ES V f C 31509 JAN/7& 285 

3 • CO NV ER S I O ~, 
• 

LNGREATOOECI 31100 MRC/77 28Q 
2.A~GEORAIC EVA~UATIONS 

t 1EVAL 1 Of A FI:1tTE SERIES 
2 1 EV4L., OF POL.Yr~OHtALS 

. 1.fVAL, OF GENERAL POLYNOMIALS 
1,POLY~OMIALS IN GRUNERT FORM 

• POL 31040 OCT/75 245 
TAYPOL. 312/Jl OCT/75 21.!S 
NOROERPOL 3!242 OCT/75 24.1:) 
OERPO\. 312'1:S OCT/75 2LJS 

2 • POLY 1~ 0 >-1 I A L. S l ~I r: E WT O rJ F OR M 
NE:WPOL 3101.J 1 NOT· YET AVAILABLE 

, , ~ V A L , 0 F' 0 R THO GO t J , P O L Y t~ 0 ~11 A ~ S 
.• 

11 GE~ERAl. ORT~fOGOlJ~ POL Y~OMIALS 
ORTPOL 310U4 NOV/7b 2q3 ' ~ I AL.LORTPOL 31045 NOV/70 zq3 .,., 0 5ERORTPOL 31047 N0\//1b ► -2Ql 

2,CHEBYCHEV POLYNOMIALS (i) 
rq CHEPOL 3101.12 OCT/75 22q 

• ALLCHEPOL 310lJ3 OCT/75 229 -4:: 
.. ' 

• • 2. ,. 2. C ~iEPOLSER :s1otJo OCT/75 22q 
• 



• 

I~~OE)( 

2 • 2 • 3 • C VA L I Jr TR I GO i' IO ~1 _ • P O L Vt.JO·~ I A ~ S 
1.EYAL. OF FOURIER SER?ES 

3,E:VAL., OF CO~JTINUED FRACTIOflS 

Q,OPERATIONS Qt~ POLYNOMIALS 
1,TRANSr, OF REPRESENTATION 

• 

2,0P 1 ON GENERAL POLYNOMIALS 

3 • 0 P , 0 ~J Of~ T H O GO f J A L POL V ~J O ~1 I A L, S 

5,FAST FOURIER TRAf\fSFOR~t 

• 

3.Lir~EAR ALGEBRA 

3. 

1,LINEAR SVSTE'-15 
1,FULL HATRtCES 

• 

1 , SQ u ARE NO .'-1 •SINGULAR t1 AT RICES 

• 

1 • R EA L ~1 A T R I C E S 
!,GENERAL MATRICES 

l,PREPARATORY PROCEDURES 
• 

•. 

2aCA~CULATXON Or DETERMINANT 

3.SOLUTION OF LINEAR EQUATIONS 

4,HATRIX INVERSION 

1, 1. 1. 1. t. S,ITERATZVELY IMPROVED SOLUTION 

PROCEr,URE 

SINSER 
COSSER 
FCUSER 
FOU$(R1 
FO\JSER2 
COHf0:1S£R 
co~FOUSER1 
C0Mf""OUSER2 

JfRAC 

N f \t.' G R t-J 
POLCHS 
POACHS 

AOD?O~ 
SUBPOI. 
MUL.POI., 
OIFPOL, 
ItJTPOL 

lNTCHS 
• 

FFT 

DEC 
GSSELH 
Ol~ENR~lt~V 
ERBEL~1 
GSSERB 
GSS~:R t 

· OETERM 

SOL 
DECSOL 
SOLELH 
GSSSOL. 
GSSSOL,ERB 

tNV 
OECI~V 
It.JV 1 
GSSlN\/ 
GSSlNVERB 

• 

CODE 

31090 
31091 
31092 
31093 
31094 
:S1095 
310q£, 
31097 

35083 

31050 
31250 
31051 

31053 
31054 
31052 
3105S 
31057 

31248 

31300 

34300 
3tJ231 
3ij240 
3l.l241 
!4242 
3U252 

34303 

34051 
3JJ301 
340b1 
31.J232 
34243 

34053 
3iJ302 
3U235 
l4al6 
34244 

• 

MNT/YR 

OCT/74 
OCT/7'4 
OCT/74 
OCT/74 
OCT/7~ 
OCT/7lJ 
OCT/74 
OCT/74 

MAY/74 

D~C/75 
NOT YET 
NOT YET 

RECORD 
NUMBER 

203 
203 
203 
205 
203 
203 
203 
203 

LA 1 

43 
AVA!LARLE 
AViI~APLE 

NOT YET AVA1LA8L£ 
NOT YET AVAILABLE 
NOT YET AVAILABLE 
NOT VET AVAILABLE 
NOT YET AYAlLAB~E 

OCT/7~ 205 

NOT YET AVAILAS~E 

MAV/7/J 
MAY/74 
MAV/74 
MAY/7U 
MAV/74 
MAY-/ 7 a 

MAV/74 

MAY/74 
MAY/7/J 
J!iA Y /74 
MAY/74 
MAV/71,J 

MAY/74 
MAY/74 
MAY/74 
MAY/74 
MAY/74 

4$ 
45 
us 
as 
~ e; -
LIS 

47 

4q 
49 
" 9 
Qq 
"9 

51 
51 
51 
51 
51 

en 
-< 
Cl) 

-9 
m 
.. _~ 
► 
--t 
.. t 
n 
:1>
r 

,Z. 
0 
m 
X 

d Ck 

i 
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-< 
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► 0 
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P1 

\11 

N 
I 

::s 
0.. 

<! 
H 
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. . l=!CEX 
• 

3. 1. 1. 1. 1. 1. 5. 

• 

• 

• 

• 

3. 

• 

• 

• • 

• 

2, SY M ~i ET RIC PO S OE F ~i AT RICES 
1,PREPARATORY PROCEDURES 

2,CALCULATION OF OETERMINANT 

31 SOLUTION OF ~!NEAR EQUATIONS 

4,MATRtX INVERSION 

l.GENERAL SY ►tHETRIC MATRICES 
11 PREPARATORY PROCEDURES 

Z1 CA~CULATION OF OETE~t1I~IANT 

3.SOLUTIO~ OF LINEAR EQUATIONS 

4,tlATRIX INV~RSION 

2.COMPLEX HATRJCES 
2 • PULL R A ~ ! K O VE RD E T ER H S V S TE~, S 

1.REAL ~ATRICES 
11 PREF'ARATORV PROCEDURES 

20 LEAST SQLIARES SOLUTION 

l • Ir JV ERSE ,~AT R l X Or ~, 0 RM AL, E Q ~~ • 

, 1 C 0._IPL.EX r1A TR ICES 
3, OTHER "'ROBLE:~1$ 

1.REAL '-1A TRICES 
1,SOLUTlON OVERDETERHINEO SYST 

1. 1. 3, 1. t • 

• 

PROCEDURE 

ITISOL, 
GSSITISOL 
IT I SOL.ERB 
GSSITISOLERB 

CHLOEC2 
CHLOECt 

CHLOETER~Z 
CHLDETERMl 

CHL.SOL2 
CHLSOl.1 
CHLDECSOL,2 
CHLDfCSOL1 

C•~LIN\/2 
CHLINVt 
CHLDECINV2 
CHLDECINV1 

SY~DEC2 
SY~DE"C1 

SY ~ D E T ER t ◄ 2 
SYMOETER~1 

SYMSOL2 
SYM50~1 
SYMDECSOL.Z 
5YMDECSOL1 

SVMINV2 
SYMINV1 
SYMOECINV2 
SYMDECINV1 

~SQORTDEC 
LSQDGLINV 

~SQSOL 
1.SQORTOECSOL 

LSQINV 

SOL.SVOOVR 
SOLOVR 

• 

COOE 

3UZSO 
3lJ251 
3£!253 
34254 

· 3'4310 
31J311 

34312 
!U313 

34190 
Jij391 
34392 
34393 

34400 
3qqo1 
3U402 
34403 

34700 
34701 

34702 
3U703 

34704 
34705 
3470b 
34707 

3Q708 
3470li 
3U110 
34711 

34134 
3tJ132 

34131 
3Q135 

3U13& 

3i.i280 
3/J281 

MNT/YR 

MAY/7'4 
MAV/7'4 
MAY/7tJ 
MAV/14 

MAY/14 
MAY/7tJ 

MAY/7Q 
MAY/7tJ 

MAY/74 
MAY/14 
MAY/74 
MAY/74 

MAV/74 
MAY/7U 
~AY/70, 
MAV/74 

J At,.J/ 7b 
JAN/7b 

JAN/7b 
JAN/76 

-· J At~ I 1 b 
JAt.J/7& 
JAN/7b 
JAN/76 

JAN/7b 
JAN/76 
JAN/7b 
JA~J/7b 

MAY/7U 
MAY/74 

MAY/74 
MA'f/74 

OCT/7~ 

fliAY/744 
MAY/74 

RECORD 
tt. lJ r-i 8 E R 

53 
53 
5) 
53 

55 
ss 

57 
57 

S9 
'59 
59 
59 

61 
61 
b1 
01 

277 
217 

?.79 
z1q 

281 
2e1 
281 
281 

283 
283 
283 
28.3 

• 

t, 3 
b3 

bS 
bS 

207 

67 
&7 
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• 

• 

• 

• 

l. 1, 
• 

I ~iDE X 

1. le 1. 2,SOLUTlOli UNDERDETERM SYSTEMS 
• 

3.SOLUTION HOMOGENEOUS EQUATION 

4,PSEUOO•lNVERSION 

2.CO ►!PLEX ~•ATRICES 
,,SPARSE MATRICES 

1 • D I Re: C T 1-1 E THO D S 
11 REAL MATRICES 

1,NOMaSV~HETR?C ~ATRICES 
1,8AND ~1ATRICES 

11 PREPARATORY 

2,CALCUL,ATION 

• 

PROCEDURES 

OF OE TERM l ~~ANT . 

39 SO~UTtON OF LINEAR EQUATIONS 

2.TRIDIAGONAL ~ATRICES · 
t 1 PREPARATORY PROCEDURES 

PROCEDURE 

SOLSVDU~D 
SOLUNO 

HOHSOL,SVD 
HOHSOL. 

PSOINVSVD 
PGOINV 

• 

DECBND 

DETERl.1BNO 

SOLB~lO 
DEC S OL,B~~O 

DECTRI 
· DECTRIPIV 

• 

• 

2,CALCULATION OF DETERMINANT 
3.so~UTlON OF LINtAR EQUATIONS 

l. □ LOC•TRIOIAGONAL MATRtCES 
2,SYMMETRlC PDS DEF MATRICES 

1e8A~JD ~~ATRICt.S . 

. 

1,PREPARATORV PROCEDURES 

2,CALCULATION OF DETERMINANT 

l 1 SO~UTION or LINEAR fQUATIONS 

Z,TRIDlAGO~A~ MATRICES . 
1,PREPARATORV PROCEDURES 

2,CA~CUL.AtION OF DETERMINANT 
3,SOLUTION OF LINEAR EQUATIONS 

3,BLOC•TRlOIAGONAL· MATRICES 
Z,COMPLEX ~!AT~ICES 

28 ITERATIVE ~ETHODS 
l,REAL MATRICES 

3. 1. 2. 2. 1. 

SOLTRl 
DECSOL.TRI 
SOL.TRIPI\/ 
DE:CSOL,.TRIPIV 

CHLOECBNO 

CHL.DETE'RMBNO 

C HLSOLB~JD 
CHLDECSOL.BNO 

OECSYlr1TRl 

SOL SY ~ITR I 
OECSOL,SYMTRI 

CONJ GRAD 
CONJ RESI 

• 

CODE 

Ja2a2 
lt128l 

:s"2eq 
J428S 

:sa2ae 
3lJ287 
• 

34320 

3U321 

lll071 
3U322 

lll423 
3 lJ 1~ 2 b 

3~424 
34425 
3CJ427 
3uq2s 

ltl:S30 

:SU3:\1 

34:s:sa 
34333 

34420 

t-4NT/YR 

MAY/7(,J, 
MAY/74 

MAV/74 
MAV/74 

MAY/74 
WiAY/74 

JUN/7'4 

JUN/74 

JUN/1tl 
JUN/7lJ 

JU~J /74 
JUN/71.l 

JUN/7/J 
JUN/74 
J U~J I 1 U 
JUN/74 

JUN/74 

JUN/7~ 

JUN/74 
JUN/74 

JUN/74 

RECORD 
NUt-1BER 

69 
bQ 

71 
71 

73 
73 

75 

77 

7q 
7q 

81 
81 

8j 
83 
83 
8:S 

85 

87 

S9 
69 

Qt 

lijQ21 JUN/74 qJ 
34422 JUN/74 q3 

34220 
3U221 

• 

JUN/74 9S 
NOT YET AVAILABLE 
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,. ;f · ...... ·. 11·,~~X. 

j . .. • . . '!f ·~ ~ .. M u .n ~ ti. ii u .i r·· ··. ft ., C .. A 
i • ~ 1 ,s;, 1 ~ :J v v1"' r 1i-, r ,,. Ft " ~ ,,. 1., ~ 

. ,,, .... .J. \i<a11r Atll id I ·r·· T 'l"'/'i.l!. ·y l'!i D n fr I" l .A L 11!1" Am. u 

. iit:t t~n .. w.r Ur\,,,,.· 1itJ~t v ~t t.v ~. r u1~,-1 

. f ··j··· ~-•,w ·r·•1 itrhDM•TIO•JO ·, ,~1iii111t"n• ·• f · ~fiiit111 vnmif"II . · ,~ 

I.l!iJUILll'FfAflOtt 
1,IEAL MATRttEI 

a.COMPLEX NATRICtt 

4J ,. ffl, .,~,. T'A u.tl;'.ft··d; . .,~Jfttf.8A , ... o· f!IU 
.r, • . n ,. 11 • · w n I. • v Go :~1 ~ L r,; v . n,.. 

1.tCAL MATA.JC£$ 
. . I · • ··r·tti·c · · E l , YM IE ·- ·. · · HA TR IC · S 

l,llYM~ETRIC MATRIC!S 

2.COMPL!X HATAICES 
l,H£R~ITIAN MATRICES 

1,NON•HEMHlTlA~ MATRICES 

z.~TtiER TRAN&roRNATIO~S 
l t TRlt!SF ft) Al DI AC0~4AL FORM 

1,Rt:AL ,..ATRIC£8 

z,cowPLfX ~ATAICES 
J 1 Trl£ (CIDt~ART) EIGESV PROBLE~ 

1.R£AL MlTf.i:lCES 
l ,SYJi' 1 ifTq1c \4ATRICES 

1.T~lOIAGONA~ ~ATRICEI 

2 ~ FULt. tt A TR ICE$ 

s. ,. 1. l,JTERATIVE IMPROYt~ENT 

flftOCEOURI 

ECtLSR 
8AKLeA 

!C!LSRCOH 
8AKLBRCOM 

TF~ SY 11TRt 2 
8AKSY"4TR12 
Tf~1PREVEC 
TF?-4SY 11TRI1 
BlKSVt.-1TRI 1 

TF~REAHl::S 
BAKRfAHESt 
IAKR£AHES2 

HSHtiR~TRI 
HSHHR~TRIVAL 
IAKH~l.4TRI 

HSHCOMHEI 
8AKC0liiHf I 

HSHRIAIID 
PSTTF~MAT 
PRETF~~AT 

VALSYMTRI 
VfCSV~iTRI 
ORIVALIYMTRI 
9RI8Y~TRJ 
RlTQRI 

EIGVALS'fli42 
EIGSY'iZ 
EIGVAL,SVMl 
fIGSYH1 
QRIVAL8YM2 
O~ISYM 
QRJVAL8YM1 

CDDE MMT/YR ~!COAD 
kJj·Wl!i'I!&;:·~ 
"" \J r1 D jj;, ~ 

(a 
-( 

'8 
-f 

~ . ., 
.flllj I 
:1: :, 
JJi> 0,. _,.. 
11'4 ~ 
n ~ . - -~ .. c! 

lli17:S JUN/71 1.J7 .>' '" ◄ 
. ;' .-iJ .' ,- ,,:,,-4. . ,., ... , """" l1171 J~N/74 •1 ~, 

~ ' . 

,,,,,,,, C} 
Jt3•l JUN/71 t9 ~ Z 
31Jl&Z JIJM/74 tq o "" 

J•ttO JU~/71 101 
31141 JU~/71 101 
Jij14l JU~/14 101 
JlleJ JUN/74 101 
3t1i4 JU~/14 101 I 

' ' ' 
• 

34170 JU~/14 103 ; 

A ~-.,_ ' ~ - -....,, 
~ 

'" 

34171 JUN/74 lOl " 
lll7Z JU~/74 1,s ~ 

31lfi3 
34361 
J4l65 

ltl•t 
3'43(,7 

31110 
11261 
S42t2 

34151 
lfi152 
lGlttO 
l~1tl 
llllbeJ 

lG15l 
ll.l1514 
l41S5 
3'315@ 
3416>2 
341•J 
llilt.,4 

JUH/1t 
JUM/11 
JUN/74 

JU~/74 
JUJc/114 

JUNl1li 
JU'tt/14 
JUH/71 

105 
105 
105 

101 
107 

l Ott 
10, 
109 

JU~/7~ Iii 
JUL/74 111 
JUl/14 111 
JUi,/11 111 
~· O, T y J: 1' " lt! A 'r t ii: ~ j 1;· 

! . . .... ! ,!Ill 'If JI\ .ii • ,!ill Id IP "" 

JUL/14 11 l 
JUL,/74 l t l 
JUL/11 t1J 
JUL/7• 1 3 • 1 .· 
JUL/71 113 
J'' /,.4 UL , ···· 113 
JUL/11J 11 l 
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IN0f)( 

3. 3, 1. 1, 3, t.AUXlLlARY PROCEDURES 

2.0RTHOOONALISATION 
' 

3 • I~1PROVE~1Et4T AtJD ERRO.RBOUNOS 

2,ASYr1~1ETRIC tlATRlC~S 
1,MATRlCCS IN HESSENBERG-FORH 

2.FULL MATRICES 

2.COMPLEX ~tAT~IC~S 
11 HERt1ITIAN MATRICES 

2 • NO~,• f➔ E ~ ~ I T I A N M A TR I C ES 
1 • M A T R I C E 5 I : J HE S S E 'l BE R G F OR ti 

,.FULL MATRICES 

q,TrlE GENERALIZED ElGENV PROBLEM 
1,REAL ~ATRICES 

1. SY~tfET~IC ~A TRICES 
2.ASVHMETRIC t1ATRlCES 

• 

S,SI~GULAR VALUES 
· 1.REAL MATRICES 

1,BIOIAGONAL MATRICES 
3, s. 1. ,. 

• 

' 

PROCEDURE 

~tRGESORT 
VECPEP.~t 
RO\.!PERM 

ORT~iOG 

SVMEIGINP 

REAVALGRI 
REAVEC~~ES 
REACRI 
C0~1VA~QRI 
C01AVECHES 

REA£ICVAL 
REAEIG1 
REAEIG2 
REAElGl 
COMEIGVAI... 
COME:IGl 
COt--1f.lG2 

EIGVAL,.H~M 
e I G~IRM 
QRIVALHRM 
QRIHR~ 

VALQRICOM 
QRICOM 

EIGVA~COM 
EIGCOM 

QZIVAL 
QZI 
HS ►➔ OEC~iUL 
HESTGL3 
HESTGLZ 
HSH2COL. 
HSH3COL 
H$H2RnW3 
HSH2Row, 
HSH3ROWl 
HSH3ROW2 

QRIS~GVALBlD 

• 

CODE 

J&'405 
3640U 
3bij0l 

3&402 

3b401 

3~180 
3"181 
34186 
:s" 1 qo 
34191 

Jll182 
3tJ164 
31.1185 
34187 
341q2 
34194 
34195 

3/J3b8 
311369 
34370 
:SJJ371 

3lJ37Z 
34373 

34374 
3U375 

l4o00 
3lJ601 
34602 
34b03 
:St.tbO ti 
3Ub05 
3Q60b 
31J607 
34b08 
34b09 
31Jb10 

34270 

MNT/YR 

NOV/70 
NOVl7b 
NOV/7b 

NOV/7b 

NOV/7b 

JUL./74 
JUL/74 
JUL/7~ 
JUL/71.i 
JUL./74 

JUL/74 
JVL./7Q 
~JOT YET 
JUL./14 
JUl./74 
JUL/7/J 
NOT YET 

JU~/1tl 
JUL/7/J 
JUL./7'1 
JUL/7U 

JUL/7U 
JUL/74 

JU~/74 
JUL/74 

JAN/7b 
JAN/7b 
JAN/7b 
JAN/7& 
JAN/7& 
J A N/·7 b 
JAN/7b 
JAN/7o 
JAN/To 
JAN/7b 
J1N/7b 

JUL/74 
• 

REC CJ RO 
NL1MbER 

zq 7 
297 
2Q7 

2qq 

301 

1 t 5 
11 '5 
115 
115 
11 S 

11 7 
11 7 

AVAILA6LE 
117 
111 
111 

AVAILiBL.E 

119 
11 '1 
11 q 
11Q 

121 
121 

123 
123 

2b'f 
261 
267 
2b7 
267 
267 
2b7 
?61 
2b7 
267 
2b7 

125 
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. 

• 

• 

• ! ;JOEX 

• 

3. s. 1. 1. 
• 2,FULL ~ATRlCCS 

,.COMPLEX 11ATRICES 
b,ZEROS OF POLVNO~lALS 

I.ZEROS 01 GENERAL REAL POLVNOM 8 

2 • Z E R OS Of OR THO G O t ~ AL POLY l~ D ~1 , 

3.ZEROS OF CO!◄ PLEX POLYNOMIA~S 

'4.A·\JALYTIC EVALUATI0r4S 
1 .EYAL,. or A~t I~iFtNITE SERIES 

2.0UAD~ATUQE 
1.0~E•OIHEtlSIO~JA\r QUAOHATURE 

Z,MULTIOI~E~SIONAL QUADRATURE 

3,GAUSSIA~ QUADRATURE 

3.~UMERICAL Dtrr~Rt•,TIATION 
1.FU~CTIO•JS OF Ot--lE V/\RIASLE 
a,FUNCTIO~s or MOQC VARIABLES 

11 CALC. WITH DIFFERENCE FORMULAS 

s.A~ALYTICAL PR08Lt~s 
I.ANALYTICAL EQUATIONS 

1.NON•LI~EAR EQUATIO~~S 

s. 1 • 1. 

1 , A S I '-I G LE E a lJ A T I ON 
1,~o DERIVATIVE AVAILABLE 

?.DERIVATIVE AVAILAB~E 

2,A SYSTEM OF EQUATIO~JS 
!.AUXILIARY PROCEDURES 
2.JAC06IAN MATRIX NOT AVAI~A6LE 

3.JAC06IAN MATRIX AVAI~ASLE 

J.POLYNOMIAL EQUATIONS 

• 

PROCEDURE 

QRISNGVALDECBIO 

QRISNGVAL 
QRlSNGVAL.OEC 

POLZEROS · 

ALLZERORTPOL 
LUPZERORTPOL 
SELZERORTPOL 

COHKWO 

EUL.ER 
SUHPOSSfRIES 

QADRAT 
INTEGRAL 

TRICUB 

GSSJACWGHTS 
GSSL.AGWGHTS 

JACOB\JNF 
JACOB'JMF 
J ACOB~~BNDF 

ZEROI~ 
ZE:POI~~AT 

ZEROI~OER 

BROWNLS 
QllANEW 
QUAt~fW1 
QUA~JE WBNO 
QUANEWBt~01 

NEWRAr' 
DAMPED NEWTON 

• 

CODE 

3'1271 

34272 
3U273 

. 

:s4so·o 

313b2 
313 t,3· 
31:Sb4 

l/J31J5 

~2010 
32020 

' 

32070 
3!051 

32075 

MNT/YR 

JUL/74 

JUL/74 
JUL/14 

OCT/14 

OCT/7i. 
OCT/7ij 
OCT/14 

JUL/TU 

JU~/74 
• 

JUl,/7lt 

JUL./1Q 
• 

JUL./7/J 

OCT/75 

31Q2S NOY/7b 
:!>1U27 NOV/7b 

34~37 
34438 
34439 

34150 
lLt43o 

lUUS3 

34450 
34451 
34452 
3lJIJ30 
34~31 

14202 
34200 

• 

OCT/74 
OCT/1~ 
OCT/74 

OCT/15 
OCT/75 

OCT/15 

NOT YET 
NOT VE'T 
~OT YET 
OCT/74 
OCT/74 

NOT YET 
NOT YET 

RECORD 
NUMBER 

125 

127 
127 

20Q 

211 
211 
211 

129 

1~1 
131 

131 
135 

257 

2q l 
291 

213 
213 
213 

215 
215 

233 

AVAILt4BLE 
AVAILABLE 
AVAILABLE 

217 
217 

AVAILABLE 
AVAILABL! 
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* 

I ~JOE X 

s. 1 0 1. SEE ALSO SECTIOtl 3,6 
• 

s. 

• 

2 • U t l C () t-J S TR A I ~ J E D OP T l 14 I Z A T I O ~-I 
1.fUNCT1c•;s OF ONE VARIABL.E 

1.oe~!VATIVE NOT AVAILABLE 

Z,DERIVATIVE AVAILAB~E 

2.FU~CTIONS OF ~\ORE VARIABLES 
1.AUXILIARY PROCEDU~~S 

~,NO DERIVATIVES AYlILAB~E 

3.GRADlEtJT AVAILAD!_.E 

'i.GqADlEtlT & JACOBI4N AV4ILABLE 

l.OVERDETcR•~INED t-JONLI~JEAR SYST • 
1.LEAST SOUARCS SOLUTIONS 

SEE: ALSn SECTIO'J 1. 
1.AJXILIARY PROCEDURES 
a.JACOOIAN ~ATRIX N~T AVAILABLE 

SEE ALSO SECTION 5,1,2,2 0 21 
3,JACOOIAN HATRIX AV4I~A6LE 

2,FUNCTIONAL EQUATIONS 
1.DIF'FERE'-ITIAL EQUATIO~JS 

1,INITIAL VALUE PROBLEMS 
1,FIRST ORDER ORDINARY D,E, 

1.No DERIVATIVES RHS AVAILABLE 

2,JACOBIAN MATRIX AVAILABLE 

• 

S~E ALSO P~oc. MULTISTEP cs.a.1,1.1,1) 
3,SEVEAAL DERIVATIVES AVAILAB~E 

2. 1. 1. z.sECONO ORDER OROI~ARY o.E. 

PROCEDURE 

MININ 

MlNINDE:R 

LlNEHlN 
RNK1UPO 
OAVUPO 
FL.EUPD 

PRAXIS 

RNK1MIN 
FL,EMIN 

NEWTONMIN 

-

MARQUARDT 
GSStJE'.WTON 

RK1 
RKE 
RKIJA 
RK 4 ~IA 
RKS~lA 
MULTI STEP 
DlFF'SVS 
ARK 
ErRK 

ErSIRK 
EFERK • 

LI~lGERtVS 
LINIGER2 
I~~PEX 
GHS 

" 

• 

MODIFIED TAYLOR 
EXPONENTIAL~V FITTED TAYLOR 

• 

• 

CODE 

:54"33 

3,.,q35 

3i.1210 
34211 
34212 
34213 

MNT/YR 

OCi/75 

OCT/75 

OE.C/75 
DEC/75 
DtC/75 
DE'C/75 

34432 · OCT/75 

34214 DE.C/75 
34215 OEC/75 

RECORD 
NUNSER 

2::SS 

237 

1:sq 
13q 
13q 
139 · 

239 

! 9 
19 

3U203 NOT YET AVAILABLE 

!UC.LIO 
344Ut _ 

DEC/75 219 

33010 
33033 
33016 
33017 
33018 
33080 
33180 
350.b1 
33070 

33160 
33120. 
33132 
33131 
:Sl135 
33191 

330"10 
33050 

OEC/75 219 

AUG/74 
DEC/75 
AUG/7(), 
AUG/74 
AtJG/7t;, 
AUG/74 
AUt;/74 
OEC/75 
AUG/74 

AUG/74 
• 

AUG/7Q 
ocr11q 
AUG/7lJ 
OCT/75 
OCT/74 

AUG/74 
AUG/74 

• 

1lJ1 
1~3 
145 
l Li 7 
1 tJ '1 
t51 
153 
15S 
157 

159 
1 l'J 1 
221 
165 
2l1 
225 

167 
1b9 
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l tJOEX 
• 

·. 5. .· 2 •. ··· 1. 1. .2 A 
' 

1,MO DERIVAtIVES RHS AVAILABLE 

2,SEYERAL OERIV 1 RHS AVAILASLC 
5. INITIAL BOIJ'JOARY VALUE PROBLEM 

2.aou:JDARV VALUE PROBL.E~,s 
1.rwo POINT a.v.P, -

t ,,StlOOTlt-JG t1ETkfODS . 
StE ALSO SECTIO~ S,2,1,3,1 

2,LINEAR GLOBAL HET~iODS 
1.!ECOND ORDER TP8VP 

leSELF ADJOINT TPBVP 

2,SKEW ADJOINT TPBVP 

z.roURTH ORDER TPBVP 
t,SELt_AOJOINT TPBVP 

2,SKEW ADJOINT TPBVP 
31 ~0N•LI~JEAR G~OBAL ~ETHODS 

2,rwo-oI•iEtJSIO'lAL, a.v.P. 
1,ELLIPTIC B,V.?,S 

1,DISCRETIZATION PROCEDURES 
Z.SPECIAL LI~JEAR SYSTEMS 

SEE ALSO SECTION 3,,1,2 
3 • S" EC I Al. "l ON• L I ~EAR SYS T f'. f1 S 

2,PARABJLIC & ~YP~RSOLIC a.v,P.S 
3 " ~1 U L T I • D l ~ 1 E \ f S I O ~ ~ A L. B , V , P e1 

4.0Vf~•DETERl1INEO P~08LE~S 
31 PARA~ETER ESTI~ATION 1~ D,Et 

1 • P , E • I t ~ I t~ l T I A~ V A LU E P RO BL E MS 

2 • 1 t, T E G R A L E Q lJ A T I O i ~ S 
3.li:TEGRO• OIFFE~Et!TIAL EGS 
4,~IFFER~~CE ~QlJATIONS 
S,CONVOLUTlO~ EQUATIONS 

b.SPECIA~ FUt~CTIONS & CONSTANTS· 
1.~ATHE~ATICAL CO~STAtlTS 

'V 2,~ACHI~E CONSTANTS 
.. 

'• l,RA~DOM NU~IBERS 

• 

PROCEDURE 

RK2 
RK2~J 
RK3 
RK3N 

A~KMAT 

f' E M L A G S ~ :-1 
FEM LAG 

FEt11 LAG SKEW 
• 

FE~ HER ~i S V H 

RICHARDSON 
EL I t-1 I N • T I ON 

PE:IDE 

PI 
f 

MOASE 
ARREB 
DWARF" 
GlANT 
tNfCAP 
OVERFLOW 
UNDERFLOW 

CODE: 

33012 
33013 
33014 
33015 

330b& 

33300 
33301 

33l0i 

MNT/YR 

AUG/71.4 
AUG/714 
AUG/7tJ 
AUG/74 

NOV/7b 

JAN/7/J 
JAN/7b 

JAN/70 

33303 JANl1b 

ll170 OCT/71.J 
3 l 1 71 -- 0 CT/ 14 

3~44" 

* 3000b 
* 30001 

• 30001 
* 30¢02 
* 3000) 
1t 10004 
t lOOOS 
• 30008 
* 30009 

OCT/75 

JAN/7& 
JA~J/76 

JAN/1b 
JAN/7b 
J A~J/7 b 
JAN/7& 
JAN/7& 
JAN/7b 
JAN/7b 

RECClRO 
NUMfjER 

111 
113 
175 
177 

295 

cb1 
2b1 

203 

2&5 

225 
22':i 

2~9 

273 
273 

275 
275 
275 
275 
275 
275 
215 

UI 
-< 
·(/) 

-4 
fl"'. 
.3: 
!)lo 

--11 
., 4 

n 
> 
r 
•- .. 

. 

•' 

0 
r'1 
)< 

"'1' 
~ 

> 
~ 

l •• 

.,a 

..... 
....... 
tli:t, 

--0 I:: 
► n 
Gl 
~ 

41 a 

I\J 

N 
I 
~ 
0.. 

<: 
H 
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H 
0 z 
" 
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Ci. 

• 

• 

INOEX 

3. 

tJ,E~EME~TARY FUJ·JCTION.$ 
1.CIRCULAR FUNCTIONS 

Z,~VPERBOLIC FUNCTIONS 

S, EXPO~ E tl T? A I.. I Ii T.E GR A~, ETC• 
1,EXPOMEtlTtAL INTEORA~ 

2 • S I ii E Ar~ 0 COS I ~J E I NT E GR AL 

6,G.\~t-14 FUNCTlOtJ, ,TC 1 

• 

7,ER~OR FUNCTIOtJ, trc. 

S,LEtENDRE FUNCTIO~S 
9.8ESSE~ FU~CTIO~S or l~lT. O~OER 

1,BESSEL FUNCTIONS J ANO V 

2.BESSEL FUNCTIO~lS 1 ANO K 

• • o. q, 2. 

¼-;:,c.,,, " .. 

• 

• 

PROC EOlJRE 

RAt~DOM 
SET RANDOM 

TAN 
ARCSIN 
ARCCOS 

SINH 
CCSH 
TA~JH 
ARCSI~JH 
ARCCOSH 
ARCTA~lH 

El 
EI A~PHA 
E~JX 
NOJ\JEX? ENX 

SINCOSINT 
SINCOSFG 

GAM~1A 
RECIP GA...,MA 
LOG GAMMA 
I NC 0 ► 4 G A~ 
INCOETA 
IBPPLUSr~ 
IBQPLUSN 
IXGFIX 
IXPFIX 
FORrlARD 
BACKWARD 

E P. R OR FU ~i C T I O N 
NONEXPERF'C 
INVERSE ERROR FUNCTION 
FRESNEL 
FG 

SESS JO · 
8ESS J1 
BESS J 
BESS YOl 
Bf.SS V 
BESS PQO 
BESS PQi 

BESS IO 
BESS 11 
BESS I 

• 

• 

CODE 

30010 
10011 

35120 
35121 
35122 

35111 
3511Z 
35113 
35114 
:3511S 
35116 

35080 
35081 
3508b 
35081 

3S08t.i 
35085 

35061 
350&0 
350&2 
35030 
3SOSO 
35051 
35052 
35053 
3S05U 
35055 
3505b 

35021 
35022 
3502:S 
~S027 
35028 

351&0 
351b1 
35162 
35165 
351&4 
35165 
35tbb 

• 

35170 
35171 
35172 

"·'".. ,..., 

MNT/YR · ~£CORD 

NOT VET 
NOT VET 

SEP/74 
Sf:P/74 
SEP/74 

SEP/11.1 
SE.P/71.1 
SEP/74 
SEP/74 
SEP/74 
SEP/7a 

SEP/7't 
SEP/74 
SEP/74 
Sf.P/71J 

SEP/74 
SEP/74 

SEP/74 
SEP/14 
SEP/7'4 
StP/74 
SEP/74 

·sEP/7" 
SEP/74 
SEP/74 
SE:P/74 
SEP/7Q 
SE:P/74 

OCT/7'4 
OCT/7tJ 
OCT/7/J 
OCT/74 
OCl/74 

OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 

OCT/75 
OCT/75 
OCT/75 

J 

NUMBER 

AVAIL.ABLE 
AVAILABLE 

179 
l79 
11q 

181 
181 
181 
181 
181 · 
181 

183 
183 
183 
18l 

185 
185 

181 
187 
187 
1B7 
187 
187 
187 
187 
181 
187 
187 

227 
227 
227' 
227 
227 

255 
25 :3 
2~:S 
253 
253 
2S3 
.253 

255 
255 
2S5 

• 

CJ) 
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n, 
.I 
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....... 
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n 
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r 
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• 

'•" 

tt40EX 

6. q,. 2. 

• • 

· 3,KELVIN FUNCTIONS 
1 0 , B ES SE L F' U f·I C T t Of JS OF' RE A L OR ~ E R 

1.BESSEL FUNCTIOi~S JANDY 
• 

2a8ESSEL rUNCTIONS I ANO K 

3.SPHER?CAL BESSEL FUNCT?OtlS 

il.AIRV F!JNCTIOt\S 

1 • I N TE RP O L A T I O ~! & A Pr) RO X I MA T l Or I 

• 

. 

1 • RE A I. DA T A l i·J O 'J E D I I i E: J 8 IO ~J 

• 

1 •It~ TERP OLA TIO ~i, W l TH 
1 , P O ~ Y ~JO '--t ! A L S 

1.GENERAL POLY~OMIA~S 

2~0RTHOGONAL POLYNO~IALS 
2,S?L.lNES 

1.GE~ERAL S~L,I:-tES 
2,l,J4TURAL SPL.li~r:5 

30 TRIGO~OMETRIC SEPIES 
1,rOURIER SERIES 
2,SI 11!E SERIES 
3 • C OS I ~! E SER I £ S 

u.RATIO\JAL FUtiCTlONS 
s.EXPQtJE ► :rtAL FUNCTIO~~s 

2. APP~ 0 XI~ AT I J ~ J l ~, 2 "NOR ~1, WI T ~f 
!,GENERAL FU~CTlONS 

SEE ALSO SECTIO~f s.1.3.1 
2.POLYt·JOMIALS. 

! .GENERAL POLV~JOHIAt.S 
2,0~THOGONAL POLYNO~IALS 

3,SPLINES 
. ·· .... · ....... ., t l I Z. le 1~GENERAL SPLINES 

• 

• 

• 

PROCEDURE 

BE5S K01 
BESS K 
NO~EXP BESS IO 
NONEXP BESS 11 
NO r~ E X P 8 E S S I 
NONEXP BESS K01 
NONEXP BESS K 

BESS JAPLUSN 
BESS VA01 
BESS YAPl..USN 
BESS PQA01 

BESS tAf'>LUSN 
BESS KA01 
B~SS KAPLUSN 
NONEXP BESS IAPLUSN 
,~ 0 N E X P 6 E S S K A O 1 
NON~XP BESS KAPLUS~ 

SPHER BESS J 
SPHER BESSY 
SPM(:R BESS I 
SPHER Bt:5S K 

• 

NONEXP SPHER BESS I 
NONEXP SPHER BESS K 

• 

AlRY 
AIRY ZEROS 

NEWTON 

• 

• 

• 

• 

• 

CODE MNT /YR · · RECORD 

3517] 
3'5174 
3St7S 
3517b 
15177 
35178 
35179 

35180 
15181 
35182 
35163 

35190 
351q1 
:ss1q2 
:ss1q1 
35194 
3519S 

35150 
351$1 
35152 
3~1Sl 
3'3154 
3515S 

• 

• 

OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OC1115. 
OCT/75 

OCT/75 
OCT/75 
OCT/15 
OCT/75 

OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 

OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/7S 
OCT/75 

35140 .. OCT 175 
3St45 OCT/75 

3&010 SEP/74 

NU~BfR 

• 

255 
2'55 
~ss 
255 
255 
255 
255 

21.19 
249 
249 
zaq 

251 
251 
251 
251 
2s1 
251 

2'47 
z q 1 
2u1 
247 
2" 7 
247 

2Ul 
Z4S 

1~5 

0 
-< 
Cb 
-t 
rrf 
3: 
> 
........ 
H 
n 
> 
r 
• ' z 
0 
rfl 
X 

.,; "' 
3: 
> 
-< 

.... 
-..0 
~ 
~ 
11': 11 

'V I: 
> Q 0 
.1'11 

' . 
~ 

N 
l 
~ 
0.. 

j 

<: 
H 
C/'J 
H 
0 z ..,. 

... j 

\0 
""-J 
-...J 



. 

• 

INDCX 

. 

7, 1, 2. 3. 2.NATUAAL SPLI'4ES 
~ , TR I GO !.JO,.! E TR l C SE:~ t ES 
S, RATIONA~ FU,ICTIO~JS 
b,EX?U~.:Et~TtAL FUNCTIOt~S 

l , APP Ra X I '-« A T ! 0 r ~ l ~I I }~ f' • ~J OR !·I , W I TH 
t 1 GENERAL FLJ~JCTIOtJS 
2 • P O ~ Y ~JO ~ I A L 3 

1.GENERAL POLYNOHlALS 

2.0RTHOGONAL POLVNOHIA~S 
3,TRIGO•JQMETRIC SERIES 
Q , R A T I O ~j A L f U1 IC T I O t JS 

4 6 A p p R u X I :-1 A T ! 0 ti l L} 1 1111 ""0 RM , w l TH 
1 • G e; 'i E R A L f U ~,, C T I O ~ l S 
2.POLY'JO~tAL.S 

2 , RE 4 ~ D A TA I N l IO RE D I HE N S l O ~JS 
3,qEAL F"Uf~.CTIOt-l.S l~ 1 04MENSION 

1,POLYN0'1IALS 
8.NU~1BER THEORY · 
9 • T A 5 L E H A !~ 0 L I NG 

• 

• 

VERSION: 710501 

• 

• 

• 

• 

• 

• 

PROCEDURE 

INl 
8NOREHEZ 
MlNMAXPOL 

REAO 
WRITE 

• 

• 

., 

' 

• 

CODE 

3&020 
36021 
lb022 

39q99 
39998 

• 

• 

• 

• 

MNT/YR RECORD 
NUMBER 

OEC/75 1q7 
OEC/75 191 
OCT/75 197 

NOT YET AVAILABLE 
NOT YET AVAILABLE 

• 

• 

• 

UI 
-< 
CA 
....... 
m 
~:c 
J,1-

-f 
ti I 
0 
J)r,, 

r 
.... 
z. 
0 ,,, 
X 

,, ' 
~ 

► --<. 

fmR 

..,a 
...... 
..... ., ,, 

~ 

► 
GI 
r'I 

$ e 

u, 

I: 
n 

N 
I 
~ 
0.. 

<:: 
H 
Cl) 

H 
0 z ,., 
.. r:f 

'-0 
'-J 
....... 



OBSOLETE P~OCEOURES 

PR'>CEDlJ~E 

OET 
LS t10€C 
ERF' 
R K 1 ?·J 

L 1 ~J l GER 1 
A[3$\1AXV~C 
~1 AX "'1 AT 
BESSfLJ 
SEss·cL Y 
5ESStl..l 
6ESS!:LK 
KO : 

• 

NOr•IEXP9ESSf!L.I 
N O t..1 E X P 3 i-; S S E L, K 
~.JOtJEXrKo 
YA 
YAPL,lJS~ 
SE:SS~LPQ 
)(A 
KAPLUS~ 
ij a ti-1 E x ? K Ai 
NONEXPt<APL,US~ 

• 

VERSIO-'il 770501 

• 

• 

• 

CODE 

)l.f 050 
3413<) 
35020 
33011 
33130 
31060 
31+230 
35100 
35101 
35102 
35103 
35040 
35104 
35105 
35038 . 
35075 
3507b 
35077 
35071 
3SOT2 
35073 
3S07U 

• 

• 

rl I T 1-f O R A W A L 

1!0901 
730901 
7U050t 
740501 
71J0915 
750101 
750101 
750101 
750101 
750101 
750101 
750101 
750101 
750101 
7S0101 
750101 
750101 
7'>0101 
750101 
750101 
7501.01 
750101 

• 

• 

• 

• 

EXPIRATIO~J 

750701 
750701 
750101 
750701 
750701 
760101 
760101 
750701 
750i01 
750701 
7S0701 
750701 
750101 
750701 
750701 
750701 
750701 
750701 
750701 
750701 
750701 
750101 • 

REPLACED BY 

• 

DECC3.1.1,1,1,1.1),DETERM(3 1 1,1al,1,1,2) 
LSQORTDECC3.1,1.2,1 8 1) 
ERRORFUNCTION(6,1) 
RKECS.2,1,lal,1) 
LINlGER1VS(S.z.1.1.1.z, 
INF ~JR~ VE C ( 1 , t , 8) 
ASS!W!AX~~AT ( 1,1 1 8) 
BES$ J (6,~,1) 
BESSY (0 1 9,l) 
BESS l (b.9 8 2) 
BESS K (o,q,2) 
BESS K01 (6 1 9,2) 
NONEXP BESS l (b,~,2) 
NO~EXP 9ESS K (b.q,2) 
NONEXP BESS K01 Cb,Q,2) 
BESS YA01 Cba10,l) 
BtSS YAPLUS~ (6 9 10,1) 
BESS PQA01 (~ 1 10,1) 
BESS KA01 Cb 1 10 1 2) 
BESS KAPLUSN (6,10,2) 
NONEXP BESS KA01Cb,10 1 2) 
NONEXP 8ESS KAPLUSN (0 1 10 1 2) 

• 

• 

• 

• 

-

• 
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2-nd REVISION, 1977 

INOEX BY CODE ~U~BER 

CODE 

10001 
10002 
30003 
100,4 
Jooos 
30000 
10001 
30008 
30009 
30010 
30011 
3101'> 
31011 
31012 
31013 
3101'1 
11020 
'510Z1 
31022 
31030 
31031 
31032 
310l3 
11034 
31035 
11040 
31041 
310142 
31043 
5104!.S 
Jl04S 
310ijb 
31047 
31050 
31051 
JlOSe 
31053 
31054 
31055 
31057 
31000 
31!161 
J10b2 
310b3 
31004 
310bS 
11 t• ob 
310b7 
31()08 
31')0q 
S 1 i~) 7 !) 

• 

• 

C APRIL 

PROCEDURE 
• 

~BASE 
ARF?EB 
DWARF 
GI A~~ T . . 

l ~·J TC AP 
PI 
E 
OVERFLOW 
u~.JPERFLOW 
RANOOM 
SETRA~~OOM 
I ~JI VEC 
INIMAT 
I~◄ lMATO 
IN I SY~·10 
lNISV"'ROw 
MULVEC 
MUI.ROW. 
MULCOL. 
OUPVEC 
DUl'VECRO~ 
OUPROWVEC 
OUPVE:CCOL 
DUPCOLV~C 
QUPMAT 
POL 
N£WPOL 
CHfPOL 
ALLCHEPOL. 

• 

ORTPOL 
AL.LORTPOL, 
CHEPOLSER 
SE~ORTPOL 
Nf:WGRiJ 
POWCHS 
MlJLPOL 
AOOPOL. 
SUBPOL. 
OIFPOL 
IiJTPOL 
ABSMAXVEC 
1 ~l F \JR rt VE C 
l \J F ~~ R ~1 R O :.ii 
1 l~ r \~ R i1 c 'J 1. 
I ~.1 F N R ~,~•A T 
0 ~1-

1 E "R ~!Vt C 
0 ~in "•.JR ~ • P rl -' 

' ~ • • ' • p--~ • 

•2' ~.4 E ~◄ R ; .. ~ C Q l. 
0 ~i E ~J R l 1 ~'1 ~ T 
A 9 S ' 1 A X ·• 4 A T 
H$HVEC'~A T 

• 

MC 

PAGE 1 

MNT/VR 

• JAN/76 
* JAN/76 
• JAN/Tb 
* JAN/76 
* JANl1b 
tc JAN/T& 
* JAN/76 
* JAN/76 
* JAN/71:t 

* APR/74 
* APR/71J 
• APR/74 

APR/74 
APR/74 

• 

* APR/TQ 
• APR/74 
• APR/74 
w APR/74 
* APR/74 
* APR/74 
* APR/74 
* AflR/14 
• APR/74 

OCT/TS 

OCT/75 
OCT/15 

' 

NOV/76 
NOV/7o 
OCT/15 
~,ov 11, 
DEC/7S 

* OCT/75 
* OCT/75 
* OCT/7S 
• OCT/75 
* OCT/75 
* OCT/7'5 
* OCT/75 
* OCT/75 
* OCT/75 
* JA~➔ l16 



2-nd REVISION, 1977 

INDEX BY CODE NU~1BER 

CODE 

11011 
31012 
11073 
11074 
31075 
31090 
11091 
31092 
31093 
31094 
31095 
3109b 
31097 
31100 
31101 
31102 
31103 
31104 
31105 
3110& 
31107 
31108 
31tOtJ 
3111 () 
31131 
31132 
31200 
!1201 
31Z02 
31203 
51204 
31241 
31Z42 
312"43 
31248 
31250 
31300 
!t3o2 
313b! 
313b41 
31425 
3l!J27 
31500 
'515l1 
11502 
31503 
11sua 
315 OS . 
3l'SOb 
31507 l. 5, 

' 

'31CiQ8. l. 5., 
• 

1. 
4. 
". 
q. 
2. 
2. 
2. 
2. 

( APRIL 
• 

PROCEDURE 

HSHCOLMAT 
HS~➔ ROW~A T 
HSHVECTA~ 
HSHCOLTA~ 
HSHROWTA~ 
SlNSER 
COSSER · 
FOL~JSER 
FOlJSER1 
FOUSERZ 
COMFOUSE~ 

tQ77) 

C QMff 0 1JSE ~ 1 
COMF0USE~2 
L.NGREATOOECI 
OP ADD 
DP SUB 
OP ;1UL 
OP DI\' 
L '·~G ADD 
L, ~~G SUB 
L ~4G M•JL 
I.NG DIV 
DP P0¥i 
L'JG POW 
COLCSi 
ROWCST 
L. ~J G I ~-I T A D 0 
L.~~GI~~TSU9T~ACT 
~NGINTMULT 
L. '·J G I ~J T O I V l O E 
L r"G I ~TPO we: R 
TAYPOL 
NOROERPOL, 
DERPOL. . 
I~JTCMS 
POL.CHS 
FrT 
AL.LZERORTPOL, 
L1Ji:tZE~ORTPOL, 
SELZERORfPOL. 
GSSJACWGHTS 
GSSL.AGWG~TS 
F'JL~ATVE:C 
f 1JL TAMV~C 
~ '.J L S Y i1 ~~ A T V f. C 
RESVEC 
S'f!4 ~E:SVE:C 
L. r 1 G F 1 .. t l '1 A T V E C 
I. !.JGrlJt. TA ~Vt C 
L. ~ J G F ll I., S Y '1 ~.~ A T V E:. C 
L~JG~ESVF:C 

MC 

PAGE 

MNT/YR 

-,, JA~~l'1b 
• JA~.Jl1b 

' . 

* JAN/7& 
* JAN/To 
* JAN/76 

OCT/74 
OCT/74 
OCT/74 
OCT/74 
OCT/14 
OCT/74 
OCT/7tt 
OCT/74 
HAR/77 

* t1AR/77 
• MAR/77 
* MAR/77 
* MAR/77 
* MAFt/77 
• ~1AR/71 
* MAR/77 
* ~1AR/77 

MAR/77 
HAR/71 

* APR/74 
• APR/14 

OCT/7/J 
OCT/7/J 
OCT/74 
OCT/74 
OCTIT4 
OCT/75 
OCT/TS 
OCT ITS 
OCT/14 

OCT/74 
OCT/14 
OCT/10 
NOV/7& 
'lOV/7& 

* DEC/TS 
* DEC/TS 

OEC/75 
* DEC/75 

DEC/TS 
* J A fJ /7 E, 
* J A. 1~ 116 

JA~:J/7& 
* JA~l16 



31509 
12010 
32020 
320$1 
3Z01o 
32075 
!3010 
13011 
33012 
33013 
13014 
33015 
33010 
33017 
33018 
33033 
330ij0 
!30SO 
J30Q1 
330bo 
33070 
33080 
33120 
3313(' 
33131 
33132 
3313S 

' . 

331&0 
33170 
33171 
33180 
33191 
33300 
33301 
33302 
33303 
34010 
34011 
34012 
:St.J013 
34014 
3Q~'1'5 
3401b 
34017 
34018 
3~020 
34021 
3£+022 
3~023 
3qoz4 
l40ZS 

2-nd REVISION, 1977 

( APRIL 

PRoce:01JRE 

1CJ77) 

L. t-J G S Y M ~ E S VE C 
EULER 
SU~r'osse:RIES 
I l'!TEGRAL. 
QAD~AT 
TRICUB 
RK1 
~Kl~ 
RK2 
R KZ i~J 
QK3 
~K1N 
RK4A 
RK4NA 
R KS t~ A 
RKE 

' 

t-iOOIFtEO TAYLOR 
ex,o~E~TIALLY FITT!O TAYLOR 
4RK 
4Rt<MAT 
EFPK 
MULTI STE? 
ErERK 
LI t,J I GER 1 
LI~JIGERZ 
LI~\, IGER 1 VS 
I t1PEX 
EPSIRK 
RICHARDSON 
E L I M I r~ A T I O ~~ 
DlftFSYS 
GHS 
FE~, LAG sv~ 
f Et" LAG 
FE~• LAG SKEW 
rf:M HfRM SVM 
\IECVEC 
MATVEC 
TAHVEC 
~,A T~A T 
T AM~,1A T 
"4ATTA~·1 
SEOVEC 
SCA?~Ol 
s y ~A ~-, A T V E. C 
E. L i,.1 VE C 
EL,~' VF.CC O L 
EL' 1COLVEC 
EL,;~ COL. 
E l .. ~-,. R n ~' 
M AXEL ' 4 RO"' 

MC 

PAGE 3 

MNT/YR 

JAN/T" • 

JUL/7" 
JUL/7/J 
JUL/74 
JUL/14 
OCTIT5 
AUG/14 

AUw/14 
AUG/74 
AUG/14 
AUG/71.l 
AUG/74 
AUG/14 
AUG/14 
DEC/15 
AUG/74 
AUG/7a 
DEC/75 
NOV/76 
AUG/7/J 
AUG/7'4 
AUG/74 
AUG/74 
AUG/14 
OCT/71J 
OCT/7'5 
AUG/74 
OCT/74 
OCT/74 
AUG/74 
OCT/74 
JAN/76 
JAN/7& 
JAN/16 
JAN/16 

tr 0EC/7S 
* O!C/15 
* OEC/75 
* DEC/7S 
* DEC/75 
• DEC/15 
* O!C/7S 
* DEC/75 

DEC/75 
• APR/74 
* APR/74 
• APR/7/J 
* APR/74 
• Af:'R/74 
* AP~l1/J 

• 



2-nd REVISION, 1977 

INDEX BY COOE NUMBER 1 <'177 ) 

COOE SECTION PROCEDURE 

• 
340Z& 1 18 1' s. EL.t~VECROW * APR/7lJ 
34021 1. s. ELt4ROWVEe APR/·74 1 • * • 

34028 1 • 1' s. EL,MROWCOI. • APR/7tl 
T' 

34oaq 1, 1, s. EL.MCOL~O~ * APR/7lii 
34030 1. 1. &. I Ct➔ VEC • APR/7/J 

• 

14031 1 • l • o. 1c~➔co~ • APR/74 ,,, 
• 

34o3c l • 1. t.>. lCHROW ' * APR/74 ' 

34033 1. 1. b, I C~➔ ROwC Ol. * APR/14 
tr 

1. ICHSEQVEC APR/14 3'4034 1. t,. * • 

34035 l • 1 • ~- ICHSEQ * AP~/14 . . 

" 1. ROTCOL, APR/14 34040 1, 7. * 
14041 1 • 1. ROTR0\41 APR/74 1. * 
'.!40S0 oasOL,ETE PROCEDURE DET 
34051 

.. 
3. 1. 1. 1. 1 • 1. 3. SOL MAY/14 

l"OS! 
• 

t • 3. 1 • 1 • 1 • 1 • 4. INV MAY/14 
• • 

340~1 3~ 1. 1. 1. 1. 1. 3. SOLEL~1 MAY/74 
314011 3. 1 • 2. 1. 1. 1 • 1. 1. SOLSND JUN/74 
341.30 O@S01.ETE PROC!DURE LSQDEC 
3ijl31 

., 
2. LSQ80t.. 3. 1. 1. 1. 2. MAY/14 

"' • 

1413Z 3. 1, • 1. 2. 1. t • LSQOGl.lNV MAV/14 
31+134 - LSQOATOEe MAY/74 3,. 1 I 1. 2. 1. 1. 
3'1135 3. 1. 1. 2. 1. 2. L.SQORTDECSOl. MAV/74 .. ,' 

34130 3 1 • 1. 2. 1. 3. LSQINV OCT/74 13 
14140 3,. 2. 1. 2. 1. 1. TFMSVMTRIZ JUN/74 
14141 3. 2., 1. 2. 1. 1. BAKSY:1TRIZ JUN/14 

~ 

34+142 3p 2, 1. 2. 1. 1. TF 1APREVEC JUt~17a 
34143 3. z, 1 • 2, 1. 1. TFMSYMTRil JUN/74 ... 

3Ul/Ji4 3. 2, 1 • 2, 1. 1. BAl<SV~·,TRI 1 JU~~/74 
•• 

141S0 s. 1 • 1. 1' 1. z·ERO! ~l OCT/7S -
34151 3 .. 3 t 1. 1 I 1. Y AL S V r-, TR t JUL/74 

• 

lti1Sl 3. 3. 1. 1 I 1 • vc:csv~~,r~I JUL/14 ,, 

}'1153 3. 3. 1. 1 • 2. ElG\IAL,SV~c JUL/74 
• . 

34154 3. 3, 1 • 1. a. EIGSY~--12 JUL/74 .. • 

34155 3. l, 1. 1. 2. E?G\IALSY~l JUL/14 
" 34156 3. 3. 1 • 1. 2. ElGSV'11 JUL/1~-
• 3t41 ~ () 3. 3. 1. 1. 1 • QRIVALSY~T~t JUL/T4 
• 

1~161 3 3. 1. 1. 1 • QRISVMTRI JUL/71.f 
• • "' 

• 

341b2 3. !, 1. 1. 2. QA?VAL.8Vli12 JUL/7U 
• 

l~1b3 3. 
• 

3. 1. 1. 2. GRlSY*1 JUL/74' 
341b4 5. 3, l • 1. 2. QRIVAL.SY'11 JUL/1LI 

• 
3q10& 3. 3. l • 1 • 1 • RATQRl 

• 

34170 3. 2. 1 • 2. 1 • 2. TFMREAt➔ ES J~1Nl1iJ 
I 

34171 3. 2, l. 2. 1. z. Bl\KREAHESl JUN/74 
3l.t 1 72 3. ~. 1. 2. 1. 2. 8A~REA.r➔ f;S2 JUN/1U 

ii 

1Lt173 3 - 2, 1. 1. 1 • EQlt_BR JU~l/71.! 
34174 

• 
2. - 1 • 1 • l • BAKL,9R JU~/7/J ..). 

34180 
,,. 

3. 3. 1. 2. 1 • REA.VALQRI JUL/74 .. 
34181 3. 3. 1. 2. 1. RE4YEC~4ES JLIL./74 ,. 

34182 3. 3 .. l • 2 2. '<E-AEIGVAt.. JUl,./14 • • 
34163 1 11 1 • 9. Rl;ASCL APR/1'-' 

• 

3t.i i 84 3. 3 • 1 • ?. 2. P.EAE?Gt JUL/14 



COME 

3418'5 
. 3"1eb 
3ij181 
Jt.i190 
34191 
31J192 
3ij193 
3419q 
34195 
1£&200 
Jijl02 
34203 
3Ll210 
34211 
3Q212 
3'4213 
34214 
3421S 
3'6220 
34221 
14230 
3'1231 
34212 
34235 
l'l23& 
14240 
3q241 
14242 
3Q243 
Jq~qft 
34250 
3Lt251 
34252 
34253 
34254 
342b0 
342bt 
34202 
5427C' 
14?.71 
3Lt272 
34273 
34280 
34281 
3!+282 
34283 
34~,a ·-
342 S 5 
342S6 
34237 
~ Ji 3 t'\ '\ ::, ..., . i.· \J 

2-nd REVISION, 1977 

( APRIL 

P RO C E D t_J R E 

REAEIG2 
REAQRI 
REAEIG3 
COMVAl,.QRI 
C O ►•i VE C ~ E S 
C QME t (rVAL 

' C O~SCL . 
COMEIG1 
COM!IG2 

' " ' 

1977) 

OA~PEO NEWTON 
Nf:WRAF' 
N E W TO :·J M I N 
LI~EMtN 
R t-JK 1 UPD 
OAVU"O 
J:LEUPD 
RNK1MlN 
FLEM I ~J 
CO~J GRAO 
co~,~J RESI 
~AXM4T 
GSSF;LM 
GSSSOL, 
l ~JV 1 · 
GSSINV 
0 ~.J E ~~ R M l ~.J \/ 
ERB EL~~ 
GSSERB 
GSS$0L.ERB 
GSSl~JVERS 
ITISOL, 
GSSlTISO'
GSSNRJ 
ITISOLERB 
GSSITISOLERB 
HSHREABIO 

• 

P S T T F :~1 ~ A T 
PRETf1w1MAT 
QR I $~~GVALB ID 
Q ~ I s~,JG VAL OE CB In 
Q~I Sf~GVAL. 
Q R I S ~JG V A. I. DE C 
SJLSvoovq 
SOLOV~ 
S O L 5 V D LI ~I D 
SOL U r"l D 
~0~ 1Sr:JL,S VO 
~ 0 •~ S Cl l,. 
PS Ci I !J. VS V) 
P~f)I~l'·) 

V ·~ ~ 

DEC 

MC 

PAGE 

• 

s 

JUL./74 
JUL/74 
Jl.JL/74 
JUL/74 
JUL/74 
D!Cl15 
JUL/74 

O!C/15 
OEC/15 
D!C/1S 
OEC/75 
OEC/7S 
DEC/15 
JUN/14 

HAY/7ll 
t~AY/74 
MAY/14 
~tAV/74 
~i1AV/74 
r➔ AY 11/J 
f~A Y /74 
r1A v 11a 
~'tA V /74 
t·1A Y 114 
~•AV/1/J 
MAV/f'J 
MAV/14 
tJ.AY/1/J 
JU~l/74 
JU"-11114 
JIJ~l 1; Ll 
JUL/7/J 
JUL/1/J 
JlJL/7tJ 
J t.t LI 1 iJ 
MAY/7/J 
~AY/7/J 
~1AV /1lJ 
~,1 A Y / 7 IJ 
~1AV/74 
r1AY/7U 
'f,1A V 17 L+ 
·-·1 A Y / 7 li 
:~AY/7/J 

• 



2-nd REVISION, 1977 

MC 

INDEX BY COCE NUMBER C APRIL 1 '977 l 6 

CODE SECTION 

3: 
. 

34301 t • 1 a 1. 1 • 1 • 3. OECSOL. ~~AV 11/J 
"' 

OECINV 1'4302 3 JI t • 1 • 1. 1 • 1 • '-'- MAY 1·7a 
34303 3. 1 • 1. 1 I 1. l • 2. DETERt1 ~AV/74 
3'i310 3~ 1. 1 • 1 11 1 • 2. 1 • C ~iL.0!:C2 MAV/74 
34311 3. 1 • 1 • 1 • 1 • a. 1 • CHLOEC1 MAY/14 • • 

314312 3,. 1 • 1. 1 • 1 • 2. 2. CHL0ETER\f2 MAY/74 
34313 3. 1. 1 " 1 • 1 • 2. 2. C H L 0 E TE R··~ 1 MAV/7/J .. 
343ao 3. 1 • 2. 1. 1 • 1 • 1 • 1 • OEC8NO JUN/74 • 

34JZ1 3., 1 • 2. 1 I 1. 1 • 1 • i. OETERMBt~O JUN/74 • 

143,2 3. 1 I ~- 1 • 1 • 1 11 1 • 3. DECSOLB~O JUN/74 • 

34.1330 l. 1 • z. 1. 1 • 2. 1 • 1 • CHLOECB~~O JUN/74 • • 

34331 3, 1 • a. t • 1. ?. 1 • 2. CHLOETER~B~JO JUN/74 
34332 3. 1 ' 2. 1. 1 • 2. 1. 3. CHL.SOLB~~o JUt~t/74 , 

• 

31.1333 3. 111 a. 1 • 1 • 2. 1 • 3., C ti L DEC S O L. B ~~ D JU~,11u • 

34340 1 • 3. 1 • C0~1ABS ~1AY/74 .. 
343q1 1. 3. I a. COMHUL MAV/14 r 

• 

34342 1 JI 3. z. COMOIV MAY/7/A 
34343 1,a 3. 1 8 COMSQRT MAV/71J 
343Ll4 1. 3. 1. CARPOL MAY/74 ,. 
343q5 1, ~. 3. COMKWD JUL/74 
'34352 1,. 2, 3. COMCOLCST MAY/T4 
34353 1 • 2. 3. COMROWCST MAV/,a ... 
ll..J3S~ 1. 2. "· co~~ATVEC MAV/74 
~4355 " i. ~SHCOMCOI. 1,. 4. ~AY/14 

• 

3435& 1. a. 4. ~SHCOMPRO ~~AY/14 • 

!4357 l. ~. 1. ~OTCOMCOL. JAN/7b • 

34358 1 z. 1. R O ·T C O "'1 R O W JAN/76 . di 

34359 
, 

2. e. c O M E u C t.J R \4 1 • DEC/75 .. 
3<-J3b0 1 • 2. 9. SCLCOM DEC/15 .. 

?. EQILBRCO~ 
. 

34:Sbl 3. 1. 1 • 2. JU~J/14 • 

34302 3. 2. 1. 1 • 2. ~AKL,BRCOM JUN/14 • 3LJ3b3 3. 2. 1. 2. 2, 1 • HSH~R~TRl J~IN/TU 
343()4 

,; 

~. MSHHRMTR?VlaL, 3. 1. 2, z. 1 , JUN,'14 • 

143!»5 5. 2. 1 • 2. 2. 1. 8AKHR~1TRI JUN/74 .. 
5436'6 3. 2, 1 • 2. z. 2. H S H C O ~·t HE S JUN/74 • 

3Q3b7 3 ., 2. 1 • l. z. ?. BAK CO :--1 ~ES JUf~/71.J 
Jij3bS 3. 3, z. 1 11 EIGVALr-lR--4 JUL/74 • 34!&9 3 JI 3, 2. 1 • ElGrl~~ JUL/14 
34370 3. 3. z. 1 • QRIVALHR~ JUL./7~ ,. 

34371 l. 3. z. 1 • QR t ~iR~ JUL/74 • 
34312 5. 3. a. 2. 1 • VAl-.QRIC0'1 JI, J'-JL/74 • 34373 3. 3, 2. z. 1 • QR t co~1 JUL/14 • 

3t+314 5. 3. ,. l. 2 • fIGVAL,CO~ JUL/TU .. 
3!.4375 3. 3. 2. ~. 2. ElGCO~ JUl,./7~ ~ 

34376 1. 2, s. El,•·1C0'4VECCOI. ~1 AV 17 li.l • 

31.4377 1 • ?. s. E L t 1 C O ~~4 C O t.., ~AV/74 .. 
34578 1. 2. s. E \. tA C O ·-1 R O ►~, V E C ~:~AV 17a 

~ 

3!.J39Q 3. 1 • 1 • 1 • 1 • 2. l. C :1LSrJL,2 ~4AV/71J • 

34391 3 1. 1 • l • 1 • 2 3. C t~LSOL 1 11 AV/ 7 IJ • • • . , 
34392 ·. 3. t • 1 • 1 • 1 • 2. :s. C1tl,DE.CSOL.2 ._~ A Y / 7 4 • 
34393 3. 1 11 1. 1 • 1 • 2. .-s. C i t l, 0 f.: C S fJ L. l tiAY/14 



2-nd REVISION, 1977 

INDEX ey CODE NUMBER 

CODE 

' 

3: 
• 

14400 1 • 1. 1, 1 • • ,, 

14401 l" 1. l • 1 • 1. 
' 

341J02 3, 1. 1 • 1 • 1. • 34U03 3, 1 • 1 • 1. 1. 
• 

5, 34410 1. 2. .. 
5, 2. 34411 1. • 
s. J4412 1. a. ... 
s. 14413 1. z. 

" s. 34414 1. z. 
34415 

.. 
s. 1., z. 

14416 1, $, z. 
34417 s. 2. 1, 
34li18 1, s z. • ' 

34420 3. 1. z. 1 • 1 • 
!4421 3~ 1 ' 2. 1 8 1 • 
34'1?2 3. 1 ' 2. 1. 1. 
34Ul3 3: 1. z. 1 11 1 • .. 
34"Z4 3. 1 I 2. 1 • 1. 

t· 

l44Z5 3, 1. z. 1. 1. 
341-126 3 JI 1, z. 1 • 1 • 
:14Llc7 l. 1. a. 1 • 1. 
34428 3~ 

• 

1 ' 2. 1 • 1. 
l4li30 5 ,. 1 • 1. 2. 2. 
34'-'31 s. 1, 1. 2. z. 
34'43Z s~ 1 • 2 • 2. 2. .. • 

341.J 33 s. 1 • z. 1 • 1. 
J44l5 54 1 • z. 1 • 2. ,. 
34436 s. 1. 1 • 1. 1. 
34!J37 " J. ~- 2. 1 • 

J 

54£1Je ij. 3 tJ 2. 1 • .. 
3443Q q p 3, 2. 1 11 

34440 s. 1 • 3. 1 • la 
·' 

34£141 5 1 • 3. 1 I 3. " J4/J44 - z. 1. 3. 1 • :, -,. 
34£150 5 l • 1. ~. 2. 
54l!S1 1. 1 • 2. 2. 

~ 

34452 s. 1 • l II 2. 2 
• • ~ 

341JS3 s 1 • 1. 1 • 2. 
l4SOO II &. 1. 
34600 3. a, 1. ~-.. 
34&01 3. " 1 • z ,. • "' 34602 3. lJ • 1. e, 

• 

34603 l. u 1. z. ·• 3· 34604 4 l. z. " ·• 
34bOS 3. ti 1. 2. • • 
34&06 .3. u ·• 1 • z. 

• 

34607 3. IJ l • z. • • 
34608 3. a. l. ·2. ., 
ll+bOq · l. a 1. 2. • 
34610 3. tJ l • 2. •• 

' 34611 1. , 7. -· 

C APRIL 1Q'T7) 

2. 4. C HL. l ~JV2 
~. q. CrtLINV1 
~. ""· CHLDECINV~ 
2. 4. CHLOECINV1 

LNGVECVEC 
LNG~1ATVEC 
LNGTAMVEC 
L~JGHATMAT 
LNGTAHMAT 
L.NGHATTA~ 
Lt~GSEOVEC 
LNGSCAPRD1 

• 

L.NGSV~~~4'4 TV!C 
2. 2. 1. OECSVt~TRI 
a. 2 • le SOLSYMTRI 
2. 2. 3. DECSOLSYMTRI 
1. a. 1. DECTRI 
1. 2. 3. SOLTRl 
1. 2. 3, DECSOLTRI 
1. 2. 1. DECTRIPIV 
1 • a. l. SOLTRlPIV 
1. 2. 3. OECSOLTRIPIV 

QUA~~EWBNO 
QUANEWBNr)l 
PRAXIS 
MI ~JIN 
M I'NINOER 
ZEROlt-4RAT 
JACOBf~NF 
JACOBNMF 
JACOBNBNOF 
MARQtJARCT 
GSS~JE WT O ~J 
PEIDE 
eROWNLS 
Q• .. JA~~EW 
QUANEWt 
ZERO I tJDE ~ 
POLZ!ROS 
GlZtVAL 
QZl 
HSHOE~c~1u1. 
Hf.STGL,.3 
HESTGL,2 
f-1SHZCOL 
HSH3COL 
HS~➔ 2ROW3 
HSY2RO;,.J2 
H5f...13QOW3 
~5~{3l;>OW2 
C~Sri2 

• 

MC 

PAGE 1 

MAV/74 
• 

MAY/74 
MAV/11.l 
MAY/7Q 

* JA~J/70 
* JAN/16 
* JANI?& 
* JAN/16 
- JAN/7b 
* JAN/7& 
• JAN/1& 
* JAN/76 

JAN/16 
JUN/14 
JUN/14 
JUN/74 
JUN/74 
JUN/Tl.I 
JUt~/74 
JUN/14 
JUN/74 
JUNIT'4 
OCT/14 
OCTl't4 
OCT/15 
OCT/TS 
OCT/TS 
OCT/15 
OCT/14 
OCT/14 
OCT/1/J 
OEC/TS 
DEC/TS 
OCT/TS 

OCT/75 
OCT/74 
JAtJ/16 
JANl16 
JA~-i/1& 
JAt~/76 
JA~~/7& 
J A~~ /7 b 
J A ~J / 7 b 
JAN/7& 
J4~J/7b 
JAf·-~/7b 
J At~ 111.> 
JA~~/1b 



COOE 

34100 
34701 
34702 
34701 
34104 
34705 
34706 
34101 
Jij108 
34109 
34110 
34711 
3SOZO 
3soa1 
350l2 
350i3 
3SOZ7 
3SOZ8 
35030 
3503S 
35040 
35050 
350S1 
35052 
35053 
3S054 
35055 
3SOSb 
350Q0 
35061 
:SSOb2 
35071 
35072 
35073 
3S07t.J 
35075 
3S076 
35077 
35060 
35081 
35083. 
350S4 
35085 
35086 
35087 
35100 
35101 
3Slv2 
35103 
3S1u4 
35105 

2-nd REVISION, 1977 

• 

• 

PROCEDURE 
PROCEDURE 

PRnCEDURE 
PROCEDURE, 
i,p,OCEDURE 
PROCEDURE 
PROCEDURE 
PROCfOURE 
PROCEDURE 

C APRIL 1977) 
' 

PROCEOL,JR! 

SYMO£C2 
SVM0EC1 
SYMOETERMZ 
SYMDETERM1 
SYMSOLc 
SYMSOL1 
S VMO!C SO·L2 
SY~OEC80L1 
SV~1lNV2 
SVMX~Vt 
SYMDECIN\/2 
SYMDECit,JV1 
ERF . 
ERRORFU~JCTION 
NON;XPE~,c 
INVERSE ERROR 
FRESNEL 
FG ... 

I ~JCOHGAM 
NO~~EXPKO 
KO 
l !-JCBETA 
?BPPLUSN 
IBQPL,.USN 
lXQFlX 
lXPFtX 
FOPWARD 
BACKWA~O 
RECIP GA\1M4 
GAMMA 
LOG G4HMA 
KA 
KAF>i,,USt~ 
NO~JEXPKA 
NONEXPKAPL'JSN 
YA 
YAPL.USN 
BESSf~PQ 
EI 
!l ALF'r·iA 
JFRAC 
SI i, COS I 'J T 
SI~·:.!COSf!"G 
E ~··J )( 
N O 1,4 E X P E 'I X 
BESSELJ 
eESSEL,,Y 
6ESSEL.I 
BESSEl,,K 
~ 0 ~l E X P ~ E S SE L. I 
~ 0~-J E: X f)r-3 E 5 SELK . . 

MC 

PAGE 8 

MNT/VR 

JAN/7o 
JAN/76 
JAN/76 
JAN/1t, 
JAN/76 
JAN/76 
JAN/16 
JAN/Tb 
,JAN/71:t 
JAN/16 
JAN/76 
JAN/16 

OCT/1'4 
OCT/74 
OCT/74 
OCT./74 
OCT/74 
SEP/74 

SEP/14 
S!P/14 
SlP/14 
SEP/74 
S!P/14 
S!PIT4 
SEP/74 
SEP/74 
S!P/74 
S[P/14 

S[P/14 . ' 

SEP/71.l 
MAY/14 
S!P/74 
SEP/14 
SEP/14 
SEP/14 
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INDEX BY CODE NUMOER 

CODE 

35111 
35112 
35113 
15114 
35115 
3511b 
351ZO 
J5121 
35122 
35140 
35145 
351S0 
35151 
35152 
35153 
35154 
35155 
!Stco 
351b1 
351b2 
3Stb3 
3510/J 
351b5 
351&0 
35170 
35171 
35172 
35173 
35174 
35175 
3517b 
35177 
35178 
3517CJ 
351SO 
35181 
35182 
35163 
35190 
35191 
35192 
35193 
3519(J 
35195 
30010 
3&020· 
300~1 
30022 
liJ'. I-. (J .!'\ 1 
.. ~v . V 

.·30402· 
3t>403 

SECTION 

C APRIL 

PROCfDURt 

SINH 
COSH 
T At·JH 
A RC$ I ~IH 
ARCCOSH 
A RC TA ~JH 
TAP~ 
ARCStt~ 
ARCCOS 
AIRY 
AIRYZEROS 
SPH,~ 6ESS J 
SPHER BESSY 
SPHE~ BESS I 
SPHER BESS K 
NONEXP S'HER BESS I 
NOrJ~XP S~HER BESS K 
BESS JO 
BESS J1 
BESS J 
BESS YOl 
SESS Y 
BESS PQO 
BESS PQ1 
SESS IO 
BESS It 
BESS l 
BESS K01 
BESS K 
NOl·JEXP B[SS 10 
"JONEXP BESS I1 
rJON;XP BESS I 
ri.., C ~<J E X P B E S S k O 1 
t~ 0 l,I E )( P B ES S K 
BESS JAP1.US~4 
BES$. YAOt 
BESS YAPLUSN 
ee;ss PGA01 
BESS IAPJ..USN 
8ESS KAOt 
BESS KAPL,LJSN 
~ONEXP BESS lAPLUSN 
N o t ,I E )( P B ! S S K A O 1 
~~~EXP B!SS KAPLUSN 
NE.'-~Tc~, 
I~~! 
S'-.10Rf Mf Z 
~1 I ! ·4 ~·14 X P O L. 
s V f.f Et GI~ J:, 
(.:R'fHOG 
Q r1 ·ti ~r::- Q ,._, 
- k-,.r - -•· • ... _. . 

• 

MC 

PACE 

~NT/YP 

SEP/74 
SEP/14 
SEP/74 
SEP/74 
SEP/74 
SEP/74 
SEP/74 
SEP/74 
S[P/7(.l. 
OCT/TS 
OCT/1! 
OCT/1! 
OCT/TS 
OCT/75 
OCT/75 
OCT/75 
OCT/7'3 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/15 
OCT/7! 
OCT/75 
OCT/15 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/7S 
OCT/75. 
OC:Tl7S 
OCT/75 
OCT/75 
OCT/15 
OCT/7'§ 
OCT/75 
otT/7S 
OCT/75 
oer115 
OCTl7S 
S!:P/74 
D!C/7'5 
OEC/15 
oer11s 
~JO \I 11b 
:~OV 1Tb 
tJOV 11b 



CODE 

3o40lt 
361.JOS 
3q99e 
39999 

• 

~ 
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• 

3. 3, 1. 1 , 3, 
3· !. 1. 1 • 3, ,. 
9 • 

• 
9. 

1 • 
1 • 

• 

C APRIL 

PROCEDURE 
' 

VECPERM 
MERG!SORT 
WRITE 
REA.0 

• 

1 q77 ) 

MC 
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t\JOV/74, 
NOV 1·76 

• 

• 

' 



• 

• 

• 

2-nd REVISION, 1977 • 

MC 

t<WIC INDEX PAGE O 

IN THIS K!V ~ORD ttJ CONTEiT (KWIC) It4DEX KEY ijQRDS AND PROCEDVRE 
NAMES AR! ORDERED ALPHABETICALLY. 

THE KWlC l~DEX IS BAS~O UPON PROGRAM ABSTRACT SUCH ASI 

32070 #QAORAT (#QUADRATURE) COMPUTES THE .. #OEf'JNlTE #It·,TtGRAL OF A 
*rUNCTIO~ OF ONE VARIABLE OVER A FINITE JP~TERVA~. 

THE ABSTRACT CO~PRISES THE CODE NUMBER A~lD A S~ORT DESCRIPTION OF THE 
PROGRAM (tT3 NA~E, WMAT IT DOES, AND HOW tT DOES lTJ, 
THE "IMPORT~~T" WORDS (PRECEDED BV A# ?N THE ABOVE EXAMPLE) ARE USED 
AS KE Y w OROS I N T ~i E K W I C I ~DEX • 
THE FIRST AP~EARA~!CE OF OUR ABOV! EXAMP~E ABSTRACT IN THE KWIC INDEX 
ISi 

QAORAT COMPUTES THE ,DEFINITE INTEGRAL OF A FUNCTION OF .ONE 
VARIAB~E OVER A FINITE INTE~VALe 32070 133 

IF THIS P~OGRAM (OAO~AT) ts or ttJTER!:ST, vou CAN LOCATE IT BY MEANS 
0 F I T S C OD E ~ l LJ ~~1 BE q C 3 2 0 1 O ) • 
IN CASE A'l E~JTRV IN Tt·iE. KWIC INDEX lS 
TRU~CATEO AT AN ENO OF THE LINE), YOU 
( BY CODE ~UMBER) OF ALL THE ABSTRACTS 

NOT COMPLETELY READABLE CI.£, 
CAN FINO A COMP~ETE LISTING 

FO~LOWtNG THE KWIC INDEX, 

s1~1cE ALL PROCEDURE NAMES ~iAVE BEEN INSERTED AS KEYWORDS, THE 
KWIC I~DEX CAN ALSO BE USED TO TRACE 4 PROCEDURE BV ITS NAME • 

• 
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EL ki C O ►~ C Ci I... 
EL~! CO.'~• f CC i~ L 
C: L. ~ : C O M ~ 0 ;,; V E C 

• \J ,. • u· A r I'" s ""~J ... A r , v t..,,"l,.. '-. 1ni:. +i• 

CL "1 C:JL 
EL ,., r~ 0 ,,·CCL 
►' i..1\lf="cr,,L .,.\,. l- ..... 

E~ 4 C CL ~0~1 
CL~~ q o·.~ 

I'~ A X t. L ~• ~ 0 W 
EL~V[cqow 
EL~iC<'L VEC 
C" L J.{ '.j :, :,. ' ' i: r 
-.. I t ,. 't ..,._ \o,f 

CL:-~ VE C 
L~GADO 

orADD 
FUfiC T ! Ot~S 

AIRY fVALUATES T~E 
Af-.lJ hS$,1CIAT~D VA~U~S Or i~IE 

? ! RF (J f·: •~ S Ti E S :J ~i •·~ A T ! 0 ~J OF A~, 
C I E 'l TS ~ F T, IE r O L Y : .• 0 !•i I A L. T •i AT 
OROE:R RJ~JG!! ... KJTTA "tSTHOOJ THE 

• 

A :, ,oi. r" l:"\ -~ .,, .. 1w J..., CD!'PUTCS THE: 

l~CSt~ CO~!PUTES THE 

~~REa DtLIVt.RS iHE 
BAS~ r,Ei.,IVE~S T:1E BASE: Ur THE 

VE~ 

E F' S I R l< S CL \' E S 4 N 
E f E. 9 l( S C L V E S A ~J 

L. I~: I :; ER l SOL V CS 
Ll'~IGER1~S SOLVES 

G~!S $8LVES 
SET OF INTEGCRS1 IT IS 

OF A RfFERE~CE scr, IT IS 

A fl . 
AN 
A t..J 

A ~-l 
A tl 

• 

f G IS A~~ 
HSH{1EC~li.Jl. IS A~J 

}~ESTGL,3 IS .AN 
r{£STGL2 IS AN 
l-iSH2COL IS AN 

ZolOIJ,/17 

Af)SCISSt,E A:!O ~1EIGHTS roR GAUSS .. JAC'1BI QUADRATURE, 
A i'i S C • I:' t- ' E A • • ., !,; .~ t ,... ' ' 'f l' !.' n ::,, ,,. 1 L1 ... ,... LA G n A "-J GE r; ; J 1 " ff) A T UR E 

• I ;. .., ,,) ~ ~ . \ \..1 • ~ .. \J ~·, • ~ i Li I' u " y V ")I ; t; ' . \Jj t ~ l.i " • 

A [S S ·' A X' t ~ T C A LC l J L A T f: S T ~~ E ~·! 0;:, l! L. : J ~ n r-· THE L h PG E. S T fw L f HE NT Or A MA TR I X Ar-, D DEL I \IE RS THE 
A c c r L c R -~ r r o , o F" R I c rl A f~ o so~ i 1 s t ~ r r r1 o o , 
AD.1''S•3,!\Jt1::'·lRT .. , •jR G[A~•s ~-isTri8~, T~~E ORDER Of ACCURACY IS AUTOJJ.AiIC, UP TO 5TH ORDE 
ADA''Sg\;JLllT0tJ, ADt.~1S•GASiifCRTii OR GEAR'S HETHco, THE ORDER OF ACCURACY 1S AUT0,'-1ATIC, 
A[~ OS A C 0 ·:;:,LEX '! U: ~BER T I ~ t ES A C t1 r-.1 PL EX C '1 L. U ~ ,: Vt· C TOR TO A. COM.Pl.EX COL.UM N VE C TOR , 
A [ 1 ,, s A c 'J ', ;i L E x 1 1 1J} 1 B E. R r 1 :•i E s A c c ,.1 P L E x c o L. u ,✓- •• v E c r o R r a A c o ~ P L. E x v E c r o R • 
A[>OS A coltPLEX J..JUt:t'\ER TI~1ES A C:O~PLEX VECTOR TO A C0'-1PLEX ROW VECTOR 11 

• 

J. DC S A C QA.! S T A }i T T I k{ ES A COL LJ ~ N VE C TC R TO A C CL UH N VE C TOR , 
AC,05 A co:1SiA~iT TI~itS A CDLlJMIJ \vECTO~ TO A P.nia: VECTOR. 
ADD S A C O · l S T A \; T T I ~1 E.? A C ri l U t~ r l V f C TOR TO A VE C TOR , 
ADDS A CO'·iSTAfJT TI!·"r:S A RQ'rl 1✓ ECTOR TO A COLu~-•~~ '/ECTOR. 
AC·DS A CO'lSTA,~IT Tit~E:s A ~ow VtCTOR TO A ROW VECTOR. 
A iJ O S A C 0 ~ l S T A } l T 7 I : ,~ t. S A RO 11 V E C TOR T O A R OW V EC T OF< , MA X E L MR O ~ I :1 T HE S U 6 S CR I P T OF · A N E 
A D C, S A C O '•i S T A \J T i 1 'i E S A ROW Vt C i O R T O A V·E C T OR • 
AllDS A co",STA!~T T!i◄ ES A VECTOR TO A COLlJ~i'J VECTOR. 
Ao 0 s A co 1-; s r At, r r 1 •-i r. s A v c: c r o R r o A R c ,~ v f. c Ta R. 
ADDS A COi~STANT TI~~S A VECTOR TO A VECTOR, 
A C1 D S Ti~ ·J ~ O J f1 L f. P R E: C I S I O •.: "I U :-• J E: RS , 
At'· 0 S T ~ O S ! : ~ G L € P R I: C l S ! 0 N ~J tJ M ~ t RS T O A O OU e L E P RE C t 5 I ON SUM , 
AICZ) A!:[) arcz, At-JD TtiEIR DERIVATIVES, 
Alf<Y EVAL!l£\TES THE A!RY FU~CTlOi4S AI CZ) A~fD BI CZ) AND THEIR DERIVATIVES, 
A I ~ Y FU: ; C T l ·1 ~J S A I C Z ) A ~ID ll l C Z ) A N c, T HE I R DE R I V A T I V E S e 
A IR v r- u 'i c r r , l ~ s A I c z , At~ o i3 I c z) AND THE 1 P DER 1 v Ar I~· Es • 
AIR)'TCR1s CJ 1·l?t1;Es r11c zcRc1s A'Jt AssoctATED VALVES oF THE Arqv FlJNcrroNs AICZ> ANli a 
~\ l. L C ii ~ P J L E ·✓ A L. 1.J t.. T f. S A L L. C ti E i3 Y S H E V i' C L Y I~ l1 ~( I A L S UP T O A C ER T A ! N D E G R t E , 
ALLD~TPJL EVALUATf:S Tt!f VALUE OF ALL ORTt~o~o~iAL POLYNO~IALS UP to A GIVEN DEGREE, GI 
ALLlf~C~TPJL CALCiJLATES ALL ZEROS OF AN ORTHOCnNAL POLYNO~IAL, 
A L. T r. R · ·i A T I ': J I i--1 F I t~ I TE. Sf' R I t: 5 • . 
A f'? R i) X I ! \ A T E S A F l.l i JC T I O ~; 1 G I VE ~l f OR D I 5 CR t TE A R GU~, ENT S , SUCH TH A T THE l NF I N l TY NORM 0 
A~C LE:~·JGTrf IS t·JTr10DlJCEO AS A\J l"JTEGRATio ►~ VARIA8LEJ THE INTEGRATION lS TERt➔ !NATED A 
A R C C r1 3 C O '~ r1 j J T E. S T H E A R C C O S I ~~ E F O R A R E A L A R G U ~ E ~J T X , 
A ? C C 0 S 1-1 r. tj '-1 r' lJ T t :5 T H E ! f: V E R S E H Y ? E f~ B O L I C C OS l NE r· 0 R A RE AL. A R GU M £: N T X • 
A:\CC:.JSII/E r'JR A Rt:AL ARGl,1~!E\lT X, 
ARC 5 l "I CO H;, :.J T ES T rl E ARC S t :-i E r OR A RE. A L. AR GU~ E tJ T X 1 
ARC5l'1E FOQ A PEAL ARGU~iENT X, 
ARCSl~JH CO~PUTES THE INVERSE tlVrER80LIC SINE FOR A REAL ARGU~ENT X1 

ARCTA~Jti CO~PUTES THE I~JVERSE tiYPfRBOLIC TANGENT FOR A REAL ARGU~ENT X1 
A r: l T l-~ ! ! E i I C E R R O ~ B O U }~ D O f. T H E C O M P 1 .. 1 T O R 1 

A K I T 1--f · 1 t T l C J F T ·i E C O ~1 PU T O R • 
ARK SjLVfS A $YSTE~ or 1ST ORDER ~IFFERENTIAL EQUATIONS C INITIAL VALUE ?ROBLE~ l BY 
A ~ K ·!A r so 1.. v E s A s v s r f ,., of· 1 s r a K r E R o 1 F f E RE ~; r r A L. E au• r I o ~1 s c 1 f.J r r 1 A L. s o u --J o A R v • v AL u E. 
A i: R E 8 t') E L I V t. R S TI·! E A R I T i i t-4 C T I C E ~~ R 8 R 8 C U ~J D O F T H E C O f i ? U T O R • 
A U T O ~: 8 11 I) !_J S S Y S T E M O F 1 S T O R D f R D I F' F' E. R f: ~ ~ T I A L E: Q !J A T I O tJ S C l ~ i I T I A L 
AUTO\.' 0 \AO l IS $ V STE 1wt OF 1 S T ORDER O Ir FER E ~ T I AL E Q l.1 AT l O \IS ( l NI T I AL 
.AUTn~~:)~OllS SYSTE:t1 or 1ST ORDER DIFFERENTIAL tRUATIO~~s C INITIAL 
A U T ON :J: 1 0 U S S Y $ T E ~t O F 1 S T O R OE R O I f F £ R E !~ T I A L E Q U A T I ON S ( I N I T I A L. 
AUTO~O~OLIS SYSTE~, OF 1ST ORDER DIFFERENTIAL EDUATlOtiS ( INITIAL 
AUX IL I Ar~ Y P ~ 0 CE. '.)URE F CR "'1 I ~~ t1 AX POL • 
AUXI~lARY PROCEDURE fOR MINHAXPOL, 

VALUE:: 
VALUE 
VALUE:: 
VAL.UE 
VALUE 

A U X ! L I A ;~ Y PRO C E JU R E FOR T ti E C O t-4 PUT A T I O ~ 0 r 
A~XILIA~Y ~~OCEJURE FOR THE COMPUTATIO~ OF 
AUXILIARY PROCEOtJRE FOR THE COMPUTATION Of 
AUXILIARY PROCE,URE FOR THE ca~PUTATlON OF 
AUXILIARY PROCEDURE FOR THE COMPUTATION OF 

FR~S\EL INTEGRALS. 
GEf~ERAL.IZEO EIGENVALUE.Sa 
GE ~i ER AL. I ZED E ·I GEN VAL. U E S 1 

GENERA~IZED ElGE~VAt..UES, 
GENERALIZED EIGENVALUES 1 

PROSL.EM) av M 
PROBLE~) BY M 
PROBLEM) SY H 
PROBLEM) BY M 
PROBLEM l BY ►1 
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31425 29! 
31427 291 
3106<, 2a1 
3!171 225 
33080 lSt 
33ce.o 1s1 
'jt;,377 25 
3!J376 25 
34378 25 
JtJ023 g 

3~028 q 

34021 9 
3Ll029 9 
~LJ024 q 
3"1025 q 
3iJ02b ~ 

3<J022 q 
3lJ027 Q 

3~iJ20 q 

31105 271 
31101 271 
351lJO 2~3 
3S1£J0 2ijJ 
35140 2"3 
351<.JS 2~3 
351t.:S 2lJ3 
31043 229 
31045 2<t3 
31362 £?ll 
32010 131 
36022 197 
3:S018 1lJ9 
35122 17C) 
35115 161 
3S122 179 
l5121 11q 
35121 11q 
3Cj11Q 18t 
lS1lb 181 
30002 275 
3C001 27S 
3)Cb1 15r_, 
3 3' Ct Ob 2 q r1 
30002 275 
33100 1sq 
33120 161 
331:51 165 
33112 221 
33191 22.3 
36020 197 
36021 1i:J7 
l':l028 227 
3Qb02 267 
3~b03 2o7 
34·6 0 Q 2b 7 
34605 2b7 
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HS; 12 R Cl ,12 ! S A "I 
HS r·i 3 ~ C '.•l 3 ! S A I~ 

1 S ! 1 3 R O (: 2 I S A I~ 
I X Q F I X I S A !·J 
!)(PrlX IS A~.J 

F O ~ . .i A '-? 0 ! 3 4 ~~ 
6ACX:,•1.ARO 15 AN 

a E S 3 P Q A O 1 l S A ~J 
S E S S P Q 1 I S A ~~ 
Sf.SS POQ IS A~J 
Sit~COSfG IS A•J 

tl l !..r'R:::Aw=- ~1 op9r.':-,p~1s TH· E :.} "' " ' \ ... · • J I,.; .. ., j .., · I V • , 
t1 > v ,, i: l ~1 C' ~ ., n t i."' r J p , 1 t1: T ~; E 
i.J ,I,\ "\ ' t ... "' r, "" ._, t; ,.. :... . \ t . • "' ! 

3 A I( LA~ F' E q F' 0 ~ r: S r ., E 
C .A K C C i-1 r i E S P t R f Q ~ \ '. S T ~i E 
B,\K11R'.1TR1 f'ERFO~!!S THE 

8AKSYl11RI1 PERF"OR 11S TH[ 
8AKSYr~TRI2 PERFOR}~S THE 

T H E C 0 f. F' F I C l E '·l T ~1 A T R I )( I S I ~J 
L C LI '.... A i E S T rl E ~· E T E R : 1 I ~, A ~i T O F A 
A P~SITlVE O£r!1..iITE SY:-111ETl:?IC 
A {'·JS I T l VE OE F I N I T E SY '( ~• E TR 1 C 
TRtA:JG 1JL,AR OECO~~POSITlO:J OF A 

~9AS~ DELIVERS THE 

SS Jl CALCULATES THE ORO?t~ARY 
SS 11 CALC~~ATES THE ~1ootrIED 

2<;/0IJ/7·1 

ALJXILI~RY P2n~E,L!RC FOG THE COMPllTATION OF GE~:ERALIZED EIGENVALUES 1 

A u X l L I A ~ y ~ f:? (') C E J l.! t":: E f a R T r { E C O ,4 r- '~' T A T I O N O r G E ~ i t R A l I z E D E I G E N V A L u E s • 
A lJ X ! L I AR y p ;~ (1 Cf Du RE FOR TI~ E CO~ r u TA T r ON OF Gt f,J f RA LI z ED £ I GEN VAL u Es ' 
AUXILIARY ?RDC[DURE FOR T~IE CC~PUTATION OF G£f!ERAL?ZED EtGENV~LUES, 
A lJ X I L I ,\ RY PRO C ~ ) LI R € F OR T ~1 E C O •4 f> lJ TA T I O fJ OF GE ~\,ER A L I Z F.. 0 E I GE NV AL. U E S 1 

,\tJX!LIAKV PROCE0 1JRE FOR T}1E C01tPIJTATIOt~ Of tNCOliPI.ETE BESSfLFUNCTIO'JS• 
AUX I l. I A RY PR t) C E O lJ RE FOR Ti i E CO~ 4 f) UT A T I C1 ~ 0 F' I NCO~~ PL E T E B E SSE L F lJ ~ C T I O "~ S t 
A tJ X ! L ! A R Y ? Rt) C f ~ i JR E F OR T }1 f. C O t..t f' LI T A T I O N OF' I NC O ~IPL E TE 8 E S S E L F tJ fl! C T I O N S • 
A lJ X I L I A R Y P f~ 0 C E O : I R E F O R T r i E C O "'1 P lJ T A T I O N O F I ~~ C O M F' ~ E T E B t S S E L. P" U N C T I O ~~ S t 
AlJX!LlARY ~ROCE,URE FOR TtlE COMPUTATION OF THE BESSEL FUNCTIONS FOR LARGE VALUES OF 
AUXILIAl~Y ?ROCE~URt FOR Tl·lE cor1PUTATION OF THE ORDINARY BESSEL FUNCTIONS OF ORDER ON 
AUXIL.IARY PROCEDURE FOR TliE CO~PUJATION □ F TM£ ORDINARY BESSEL FUNCTIONS OF ORDER ZE 
AUXILIARY ~RC\C£Dl.JR£ F'QR T~:E SI~JE AND cosr~~E If~TEGRA~s. 
SAC'< TRA 11SFOR~1AT!Ofl C OrJ A \'ECTOR ) CORRESPO~'DI"iG TO TFMREAHES, 
8AC:< TR/,fJSfOR1.t.ATIC)~.J ( 0:1 CClL.lJ!i~IS) CORRESPO."IDING TO TrHREAHES 11 

6 A C K T R A ~' S r O P. 1.1 A T I O "J C O R P. E S P O ~ ' D I t I G T O E Q I l . ~ R , 
BACK TPAfiSrORf1ATIO}\J CORRESPO:-Jc1 ItlG TO liStlCOMr1ES, 
e Ac K r RA 1 j s F o R l1 A r r o N c o R r,) E s P o ).,1 D I : , G r o H s t 1 ~ R ~• r R r • 
8 A C K T R A t·J $ F" O R ~1 A T I O N C O R R E S F, 0 t•J D I > I G T O T F r ~ S Y t-i T R I \ 8 

BA C \{ 1 RA ~.1 SF O Ii '1 A TI OJ./ CORRE SP O ~ 1 rJ I fl G TO T P ~-~SY HT R I 2 1 

8 ,\ C K W A R ~ I S A N 4 U X I L I A R Y P R O C E O LIRE r· 0 R THE C O ~' P U T A T l O N OP I NC O P-t ? L. E TE B E S SELF UN C T I ON S 
BA i(, C Cl ~1 ti£ S :i E R F O R f.i S T t1 E r, A C K T R 4 ; { S F" 0 RM A T I O ~, C OP RE S P O ~·JO I N G TO H S H C OM HE S , 
8 A k. 1 I P i,1 1" R I ? E R f-~ 0 R I t S i r ! C B A C K i ~ A ~ J S f O R M A T l Q t 1 C O f~ R E $ P O N O l N G T O H S H ii R M T R I t 

BA t< L. BR ~ t RF' 0 ii l ls T }i E B ,\ C K TR A~ J s F p Rt t A T I t) t-; C ORR Esp ONO l ~l G T O E Q I L, 8 R 0 

BAKLBRco~• TRANSFOR~S THE EIGEfiVECTORS OF A COMPLEX EQUILIBRATED C BY EQILBRCOM) MAT 
BAKREAHCS1 PERFOR:1s THE BACK TRANSFORMATION (ONA VECTOR) CORRESPONDING TO TFMRfAH 
BAKPEA~~ES2 PERFOR~IS T}fE OACK TRANSFOR:,lATION ( ON COLUtiNS ) CORRE.SPONDING TO TF'MREAHE 
BAKSYMTqr1 PERFOR~s TtiE BACK TRANSfOR~~ATION CORRESPONDING TO TF~SYMTRI1, 
~ A K S Y '1 T R I 2 PE RF OR t 1 S T ~i E 6 A C K T RA ~1 SF' 0 R M A T 1 0 N C ORR E 5 PO ND I ~JG T O T F tit S Y M TR I 2 , 
BA~D FOn't A'1D IS STORED QOWWISE IN A ONE•DI~1ENSIO~JAL ARRAYe · 
0 A f-: ~ '1 A T R l t • 
8 A N D ,1.l A T ~ l X • 
B A 1>J P ~4 A T P I X • 
BAND ~1ATRIX, USINO PARTIAL PIVOTI~JG, 
SASE C'F TtJE ARITHt~E'.iIC OF THc COMPUTORe 
BESS I CA~CULATES THE ~OO!FIEO BESSEL FUNCTIONS OF THE 1ST KIND OF ORDER L C ~ • o,. 
8 E: S S I .A PL U S ~J C A ~ C UL A T E: S T , f E t1 0 D l f I ED BE S S E L r l l NC T I O ~ ~ S OF T HE 1 S T K I 4 D OF ORO E q A + N , 
B E S S I O C A L C UL. A T t S T • 1 £ f. 0 D I F I t O O E S S EL t ~J ~ { C T I ON OF THE 1 S T K I NO C1 F OR i.l E R Z E RO 0 
B £ S S 11 CAL. C UL A TES T ~~ E f! 0 DI r IE O 8 t SSE L. F' U ~.JC T I ON OF THE 1 ST K 1 NO OF ORD e R ONE 1 

BESS J CALCULATES TttE oqDltJARY 8E5SfL FUNCTIO~S OF THE 1ST KIND OF ORDER L ( L: o,, 
BESS JArLUStl CA~CU~ATES TliE BESSEL FUNCTIONS Of THE 1ST KIND OF ORDER A+K ( Oc:K<~N, 
BESS JO CALCULATES THE ORDINARY BCSScL FUNCTION OF ·THE 1ST KI~D OF ORDER ZER0 1 
BESS Jl CALCULATES THE ORDINARY BESSEL ru,lCTION OF T~E 1ST KIND OF ORDER ONE, 
BESS K CALCULA 1 ES THE t400IFIED BESSEL FU~jCTIOt'S OF THE 3RD KIND OF OROER L CL c O,, 
BE S S K A P L U S ~ l C A L. f'. u L A T f: S T 11 E MOO I F l E D 8 E S S C L FUN C T l O t✓ S Or THE :S RD K I "JD O F O R DE R A + ~ , 
ecss KAOI CALCULATES THE t10DIFIED BESSEL FU~CTIONS OF THE ]PO KIND OF ORDER A AND A+ 
BESS KO 1 C "LC UL A TES THE: ~11 DI F' It D OE SSE L F' U ~-1 CT I O ~ ~ S OF THE 3 RD K I ND OF ORDER 5 ZERO AND 
BESS PQA01 IS Aij AUXILIARY PROCEDURE FOR THE COMPUTATION OF THE BESSEL Fur,crxo~s FOR 
BESS PQO IS A~t AUXILIARY PROCEDURE FOR THE COMPUTATION OF THE ORDINARY BESSEL FUNCTI 
BESS POl IS AN AUXILIARY PROCtOURE FOR THE co~,PUTATION OF TH! ORDINARY BESSEL FUNCTI 
8 ES S Y CAL CUL A TES T ~i E ORD I NA RV BES SE l. FU ~JC T I Or: S OF THE 2 ND K I ND OF' 0 RD E R L C L ~ 0 , • 
BESS YAPLUSN CA~CULATES Tt{E BESSEL FUNCTIONS OF THE 2ND KIND OF ORDER A ♦ N, ~=0, 0 ,.,N 
BEScl VA01 CALCU~ATE5 THE BESSEL FUNCTIONS OF THE 2ND KIND ( ALSO CALLEO NEU~ANN 1 S FU 
BESS Y01 CALCULATES THE ORDI~IARY BESSEL FUNCTIONS OF THE 2ND Kl~D ORDER ZERO A~D ONE 
eeSSEL. FUNCTION OF TriE !ST KitlD OF ORDER ONEa 
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S 3 I & C Al C iJ ~ A T t S T ~~ E f1 a r t f' I ED 
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8 E S S E L F '. 1 . J C T I :J t~ O F' T ►~ E 1 S T K ! I l D O F O A D E R Z E R O , 
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BESSE~ fl .. J)fCTIONS OF THE 1ST KI~·~D ~~UL.TIPlEO av EXP(1111X)1 I [K+.sl (X)-.iSQRTCPI (2•X))tEXP 
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B E $ 5 E ~ F' IJ r l C T I O ;~ S OF T f-f E 3 R D K l f·J D ~, U ~ T I P L I E D ~ Y E: X P C t X ) g K t ! + , 5 l C X ) * S QR T C P I ( 2 * X ) ) • E X 
BCSSEL, FLJ~JCTIONS OF T~ 1E 3RD KIND OF ORDER A A~JO At1, A>:+0 AND ARGUMENT x, X>O, MUL. Tl 
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Cl"L OEC BND P ERFQR!tS THE 
C ~~ L O e: C 1 . C A L. C UL A TE S T HE 
CHLDtC2 CALCULATES THE 

£ TRll,~!GUL.AR · OECO~i'OSliION BY 
S Y S T f: , i O F" L. l 'l E l t: E Q U A T I O t J S B V 
srsrE~1 OF Ll~EAR t0UATJONS BY 

TAMMAT := SCALAR PROOUCT OF A 
TAMYEC .~ SCALAR P~ODUCT or A 
O~COLCST ~iUl. TIPt..tES A COMPLEX 

COLCST f! 1JL TIPL IES A 
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o~~PLEX 'IU\~BER T l~ES A co~,PLEX 
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ALORI CALCU~4TES T~E REAL AND 

.· .. NSfORr!S THE EIGE:~JVECTORS OF A 
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CtiLDEC2 CALCULATES THE CHOLESKY DECOMPOSITION OF A POSITIVE DEFINITE SYMMETRIC MATRI 
Cifl.DETER~IB'JD CA.LCULATES THE: nETER~~I~JAtJT OF A POSITIVE DEFINITE SYHMETRlC: BANO ~ATRIX 
C H L DE TE R r 11 C A LC :.J L ~ TE S T r~ E D E T E R >1 I ~ J A N T OF A P O S l T I VE O E F I N I T E S Y M "1 E T J:t I C M A T R l X , T HE C 
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CtlOLES~Y•S SQUARE ROOT HETHODr THE COE·FFICI!NT MATRIX SHOULD BE GIVEN COLUMNWJSE IN 

. CttOLESKY'S SQUARE ROOT HET~iOD; THE COEFFICIENT MATRIX SHOULD BE GIVEN IN THE UPPERTR 
C rf S ~ I 2 F I ~JD S A C C ~ PL E X ROT A T I O ~J MA T R I X • 
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COl.lJ~IN VECTOR AND A VfC TOR II 
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COLU~N VECTOR I!JTO A VECTOR, 
C O l 1.J ~ N V E C TOR T O A C O LUM N VE C T OR 1 • 
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COLUMN VECTOR TO A ROW VECTOR, 
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C O tA E I G VA l, C A L C l J L A T f. S TH E E I G E' I~ V A L U E S OF A MA T R I X • 
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COME!G1 CA~CULAT!S THE EIGENVALUES ANO EIGENVECTORS OF A MATRIX, 
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COf•FOUSER2 EVALUATES A COM 0 LEX FOURIER SERIES, 
COMKWD CALCULATES THE ROOTS or A QUADRATIC EQUATION WITH COMPLEX COEFFICIENTS, 
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COMPLEMENTARY E~ROR FUNCTlON ·c ERrc) FOR A REAL ARGUMENT, 
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COMPLEX COLUMN VECTOR av A C0~1PLEX NUMBER, 
co~PLEX COLU~N VECTOR TO A CO~PLEX COLlJ~lN VECTOR •. 
COMPLEX CJ~U~tN VECTOR TO A COMPLEX VECTOR, 
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CO~PLEX COLU~1 N VECTORS X AND y BY TWO CO~PLEX VECTORS ex+ SY AND CY. sx, 
COMPLE·x DIAGONAL TRANSFORflATION INTO A SIMILAR UNITARY UPPERaHESSENBERG MATRIX WITH 
co~PLEX EIGENVALlJE OF A REAt UPPER•HESSENBERG MATRIX a·v MEANS OF INVERSE ITERATION, 
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COMPLtX EQUILIBRATED C av fQlLBRCOM) MATRIX INTO THE EIGENVECTORS OF THE ORIGINAL M 
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CQMFQUSEQ EVALUATES A 
co~:FQ0SERl EViL~ATES A 
f't~ 11 F·'·1~~·~2 e:''' 1 'l1ATcs A ,.. ,_. , , u . v r. r, ... v ,, "" • c. 

LC 1JLATES Ti-f:: £.r:;r:~'v'ALUtS OF A 
N V A L Li f. S · -~ t~ j £ I GE t J VE C T OR S OF A 
LCllLATr:s T~E El:i[ilVAL~ES OF A 
·,VAL... 1 .. !ES Ai'~' EIGE~~VECTCPS or A 

ri S , f C O '~ t i E S T f{ A f.l S f O R ~1 S A 
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01rrERf~;iIAL EQ~ATIOfJS C lt.JlTlAL VALUE PROBLEM ) SY ~EANS OF A STABILIZED RUNGE•KUTT 
01,rcRE~ITllL [0UATIO~S ( INITIAL VALUE PROBLEM J BY "EANS c, A VARIABLE DNDfR MULTI! 
OJffEPt:~TilL fQJATlo~s ( I~JTIAL VALUE PROBLl~!) BY Nfl~I DF A VARIABLE ORDER TAYLOR 
0 I F ,- E q Er J T l A L f O 1J A T 10 !l,J 5 ( I ~ I T I AL VAL tJ E p ~ 0 ALE !i ) e V ME .l ►11 I OF A 1 s T , 2 "- 0 0"' 3 ~ D O ~ i:' E R 
Ol'FE~E~TIAL EDJATlON8 ( INITIAL VALUE PROBLEM) BY M[l~S OF A 1ST, 2~D OR JAD ORDER 
DJFF!RENTI&~ tQJATlONS ( INITIAL VALUE PRDDLEN) BY HEA~S OF A ]RD ORDER "ULftSTEP M 
DJFFERENTlAL f0JATZON8 ( JMlTIA~ VALUE PROB~EM) BY MEANS OF A JRD QPntR, fXPD~fijTIA 
Dl''ER!~TllL [QUATID~8 ( INITIAL VALUE PAC8LE~) SY MEANI OF A 5TH ORD!R AUNGf•KUTTA 
01,rt~[~:TllL EDUATIO~S ( J~ITIAL VALUE rROB~EH) a, MEANS o, A 5TH CRD!R AU~GE~KUTTA 
DIJFEA!'ITl&L EDUAT!O'JS ( INITIAL YALU! P0 rBLEH J BY MEANS Of A 5TH OROfR RU~GL•KUTTA 
DJFrER[•iTJIL fQJATIONS ( lN!TIAL VALUE PACBLfM J BY M[A~S o, A 5TH ORDER RUNCf•KUTTA 
DJFrERE~JTlAL EOJAT!o~,s ( INITIAL VALUE rROBLEM, BY MEANS OF' !TH OAO(R ~U~Gf•KUTTA 
OIFF"ERE ,TiiL EOJATio,~s ( INITIAL. VALUE PRCBLEt1 ) BY MEA ►JS OF AN EXPOt.Jf:.~TIALLY ,1,rt::o 
01,,rrr~1TJ&L EQJATIDNI ( ItJlTIAL VALUE PROBLEM> BY ~fA'JI OF AN IMPLICIT, EIPO~fNTIA 
DlFFEREP~TIAL fQUATJONI ( INITIAL VALUE PROBLEM) BY MEA~I Of AM l~PLICIT, £XPO~lhTJ& 
DIFFEPE~ITIAL [Q~ATt0~1$ ( INITIAL VALUE PRCftLf~) BY HflNI OF TH! IMPLICIT M!DPDIMT R 
01,rFPEr~TIAL E0UATIONS ( l~ITIAL VALUE PRD8~E~ >, BY EXTRAPDLATlD~, APPLIED TO LO• 0 
o I F F i:. R f ".i r 1 • L. e. c; ~: A r t o , 1 s , 
o i F r :: ~ e- ,~ t 1 , L. E Q ~" T 1 o • ~ s , T , i r u r J K,: ow N v ;\ ~ 1 , at.. Es M , Y APP f , R No N. L I ~ E A R L v so r H I ~ r ~ E o I 
JIFFSYS SOLVES A SYSTC~1 OF 1ST ORDER DIFFEijE~TIAL EQUATION& C l~ITIAL VALUE PRDILlN 
OIQICrlLfT SOUNDAMY C0NOJTION8 BY I RJTZ•GAL[RKIN ~ETH0D, 
0 I V I CE S T ,; 0 0 0 L' 5 L E PRE C I 5 I O 'I f JU 118 ER$ • 
DlVlDES T~O SINGLE PRECJSJON NUl•BERS TO A DOUBLf PRECISION QUOTIENT, 
OOvELE Lf''GTH APITti''ETIC, 
oouaLE LtlJTC4 A~ITM~fTIC, 
OOUGLE PPCCIS!ON ARlTt-'f'(TIC THE PROCUCT A * B, Wt1f~E A IS A 
D0U5LE PP£ClSICN ARITi,f• 1E:TlC Tt•E PROCUCT A * 8 1 ~HERE A 11 A 
DOUBLE PPE:ISIQ).J ARITfit1ETIC Ttif: PRODUCT At t B, Wt1ERf A' IS 
DOlJfiLE fi)ECISI0 1,4 ARITtlMtTIC THE lt!SIOUAL VECTOR A t a + X t 
0 C' tJ 5 l t P RE C l S l O ~, 4 R l T t fut T I C T ~If RES IO VAL Vt C TOR A t 8 t X * 
D0u5LE PPE:1s10~ lqITti 4 ETIC, 
DOUBLE PRECJSJOij ARJT ►ft'fTlC, 
OCU9LE PG:!.CISIO\I AR1Tttr'-'£TIC, 
OOU~L.E r~c::1szoi1 ARITH 1lfTIC, 
o o u o Le P Q E. c 1 s z o .. , AR 1 r •• t• E r t c , 
OOUBLE PQECISIO~: ARIT~1H£TtC, 
o o u a LE r RE c I s I o ~4 AR 1 r ti'* E r z c , 
00l10LE P0 ECISIO~ DIFFERENCE, 
OCUDLE PRECJSID~ NU~OER TO IT5 DECIMAL REPRfSENTATION 1 
OCUBLE PQ£:ISIO~ ~U~RER, 
DOU~LE PQtCJSJO~ NU~BCRS 1 
DOUBLE PRECISl0\4 ~,u\18EQS, 
DOUBLE PAECISIO~ NUMB[AS 1 
0011~t e P~t c Is 1 O'J t1 lJ~e ER s, 
oouaLC PRCCISJON PO•ER OF A DOUBLE PRfCISION NUMBER, 
DOUBLE PAECJSlC~ POWER OF A SINGLE PRECJ8IO~ NUMBER, 
OOUBLf PRECISJON PRODUCT, 
DOUBLE P~!ClllON QUOTIENT, 

GlY!N MATRIX A~D 8 II A 
~V~WETA'C M'Tnzv -w~e, 9 V • · ~ ,ii, A n; if/I,, # n f"! f.; ~ -

TH[ TRA~SPOIED OF TH! MA 
C, ~Hf~! A II I GIVEN MA 
c, •HERf A II A lfMMfTRI 
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Slt,GLE PRECISIO~ NUMBERS TO A 

ENCE OF EXPONENTIAL INTCGRALS 
• 

0 X I M A T I ON OF A ~ E'. A L S Y •~•IE T R I C 
RESPOi·IDl~IG TO A GIVtt~ cot~PLEX 

fIGSY' 11 CAI-CULATES 
E I O S Y '·4;? C A LC UL A T E S 

OZt C'"'PUTES GEl!ERAL!ZtO 

• 

EIG~~~~ CALCULATES T~E 
riRitiR'1 CALCUL/\TES THE 

CO~flGt CALCULATES THE 
RtAQnJ CAI-CULATlS ALL 
Q P. ! S Y f, C A L C U l A 1' E S A L L 

'GRISY~TRl CALCULATES T~E 
Q Z I V A L, C O ~t P 1J T E: 3 G E • ~ E RA L I Z E 0 

E!GVALH~~ CALCULATES T~4E 
OR!V~~HA~ CA~CULATtS THE 
tl5VA~COM CA~CULATE5 THE 

lCULATES T1E EIGENVECTORS A~D 
VALORICOM CALCULAT~S THE 

ATES THC E.Z;tNVECTORS AllD T~E 
C0'1EIGY4l. CALCULATES THE 
REAflGV~L CALClJLATES T~E 

L C l ! i.. A T E S T H E t I GE ~-, V £ C T n R S A f, 0 
LCUL,ATES T"iE EIGE!!'✓ ECTORS A\;O 
LC lJ L.1- : ES T ~ E RE,\ L A ~1 D CO~~ P ~EX 

~:EAV1LJRI CALCULATES TtiE 
t4 ~i I YA L S Y , ' l C A L C UL A T E S T r! E 
C"IVALSY~2 CALCULATES THE 

Ml CALC~LATES ALL C OR SOME) 
~2 CALCULATES ALL ( OR SO~E l 
T E S A L L , u R S OM E C O ~-, S E C 1J T I V E , 

ORIVA~SY~T~I CALCULATES THE 
L C U L A T E S t: Q R O R S OU ,., D S , 0 R T H E 

COMVE~HES CALCLlLATlS THE 
REA\'EC~ES CALCULATES AN 

flGCOM CALCULATES THE 
REAElG1 CALCULATES THE 

2b/04/77 

DOURLE PRECISION su~1. 
0 PAD D AD r> S T ..; 0 S l ~-} G LE PRE C I $ l ON tJ U ~IO ER S TO A DOUBLE PRE C I S I ON SUM , 
OPOIV DIVI)ES TWO SI~GLE PP.ECJSION NUMBtRS TO A DOUBLE PRtCISlON QUOTIENT, 
DP~lJL ~1lJLTIPLIES TWO SINGLE PRECISION NUMBERS TC A DOUBLE PRECISION PRODUCT, 
OPPOW co~rUTES THE DOUBL( PRECISIOM POWER OF A SINGLE PRECISION NUMBER, 
orsua SUBTRACTS TWO SINGLE PRECISION tJU~SERS TO A DOUBLE PRECISION DIFFERENCE, 
o LJ Pc o ~ v E c e o P 1 E s A v E c r o R I r~ r o A cot. u }1 tJ v E c r o R 1 

o v P 11 A r co r r Es A MA r R r x I ~,To A I Jo THE q 1.1 A r R I x , 
OUPRDWVEC COPIES A VECTOR INTO A ROW VECTOR, 
OUPVfC CCPIE5 A VECTOR It4TO A~OTHER VECTOR, 
D fJ P VE C C O L C OP I E S A C O L UH 1 J VE C T O R 1 t.J TO A V E C T OR • 

, 

OUPVEC~o·4 COPIE:S A ROW VECTOr~ Ir1TO A VECTOR, 
OHARV DELlVERS THE s·HALLEST C I~I ABSOLUTE VALUE ) REPRESENTABLE REAL NUMBER, 
E DELIVE~S A fULL PPECISION APPROXIMATION TO C• 2,718,., 
E(N,X); T~E INTEGRAL FROM 1 TO INFINITY OF EXPc-x • T) T•*N DT, 
EFERK SOLVES AN AUTQtJO~OUS SYST£H OF 1ST ORDER DIFFERENTIAL !GUAT%0NS C tNITIAL YALU 
ff.RK SOLVES A SVSTEt1 OF 1ST ORDER DlFPERE.~!TlAL, E:GUATIONS ( INITIA~ VAL.LIE PR06L,EM ) B 
EFS!RK SOLV~S A~ AUTOf10HOUS SYSTEM OF 1ST ORDER DIFFERENTIAL EQUATIONS C INITIAL VAL 
El ALPHA C~LCULATES A SEQUENCE OF I~ITEGRALS OF THE FORM INTEGRAL (EXPC•X•T)tT••N DT) 
EI CALCULATES TrtE EXPO~IE~JTIAL INTEGRAL • · 
ElGCO~ CALCULATES TH£ ElGENVeCiORS ANO ~IGE~YALUES OF A COMPLEX MATRIX, 
ElGErJSYSTE~ AND CALCULATES ERROR BOlJNDS FOR THE EIGENVALLIES, 
ElGEt 1VALLJE OF A REAL UPPER•HESSENB!RG MATRIX BY MEANS OF INVERSE ITER.ATION 8 
flGE~1VALUES AND EIGENVECTORS BY MEANS OF INVERSE ITERATION, 
f l GE !•! V A LUE S A ~ID E I Gt t-J VE C T O R S O V t-i t A ~~ S OF I NV E RS t-: l TE RA T l O N e 
e: I G E t I V A L. iJ f; $ A r.: 0 E I G E ~ J V E C T O R $ S V ~ t E A t~ $ 0 r G Z • l T E R A T I O ~, 1 
EIGENVALUES ANO EIGEiJYCCTORS OF.A co~•PLEX ~IERXITIAN MATRIX, 
E I G E N V A L U E S A r l D E I GE ~,J VE C T OR S OF A. C O MP L E X HE R ~1 l T I A "" MA T R I X 1 

E I GE t 1 V A LUE S A ND E I G E ~JV f C T OR S OF A M A T R I X • 
EIGENVALUES AND EIGENVECTORS OF A REAL UPPER•HESSENBERG MATRIX, PROVIDED THAT ALL El 
E ? GE 1.J VAL I' f: 9 AND E I GE ~IVE CT OPS OF A SY M ►~ET R IC MAT R I )( 6 Y MEANS OF QR I TERA TIO~ • 
EIGE'JVALUES A~JO E!GEt~VECfDq$ OF A SYMMETRIC TRIDIAGONAL MATRIX BY MEANS.OF QR ITERAT 
EIGft•!YALLIES BY MEAt~S OF QZ•ITE~ATION, 
E I G t ~-4 V AL lJ E S OF A C Of~ P L f. X Ii E ~ ~t I T I A N MA TR I X t 
ElGt~VALUES OF A COMPLEX HER~4tTlAN HATRIX 1 
E I G E l l V A LUE S OP" A CO ~1 PL E X "1 A TR I X 1 

! I GE, J v' .4 Lt IE. S OF A CO >-1 PI.EX t1 AT RIX • 
EIGE'·IVAt.UES flF A co,~PLEX UPPfR•~l!SSENBERG MATRIX WITH A REAL. SUBOIAGONAL, 
EIGEPJVALUtS OF A co~,PLEX UPPER•HESSENBERG MATRIX, 
E l GE ~l YA L. 1.J ES OF A t-1 A TR I X • 
ElGENVALl1~5 OF A ~lATRIX 1 PROVIDED TtiAT ALL EIGENVALUES ARE REAL, 
E l G E fJ V A L ll E S OF A ,..~ A t '< I X I f' R O V l OED T • i A T T HE V A PE A L. L RE AL. t 
EIGENVALIJES or A MATRIX, PROVIDED THAT THEY ARE ALL REAL, 
f I C, E: f 1 VA L lJ E S OF ~ R E AL IJ PF' ER • H C $SE N 8 E R G MA T R I X B V ME A ~~ S O I' 0 0 U 8 L e: QR I Tl! R A T I ON • 
t l G E fJ V A L ll E S OF A RE A L U PP ER • H E S S E t J 8 E R G ~! A T R l X , P R O V 1 D ED TH A T A L. L E I GE N V A L. U E S A RE R E A 
E l G E >-1 VA L I J E S OF A S Y t I'~ E T R I C ~1 A TR l X 8 Y ~1 E A N S OF' QR I T ER A T I ON , 
EIGE~JVALUES nF A SYt1METRtC MATRIX BY MEANS OF QR ITERATION• 
EIGENVALUES ClF A SYMMETRIC ~ATRIX USING LINEAR INTERPOLATION OF A FUNCTION DERIVED F 
EIGENVALUES OF A sv~iM[TRIC ~1ATRIX USING LI~EAR INTERPOLATION OF A FUNCTION DERIVED F 
EIGENVALUES OF A SY~!METRIC TRIDIAGONAL MATRIX av MEA~S OF LINEAR INTERPOLATION USING 
ElGEt4VALUES OF A SY~1HETRIC TRIDIAGONAL t1ATR1X BY MEANS OF QR ITERATION, 
e: I G E t·J v A L u e s • 
ElGENVECTOR CORRESPONDING TO A GIVEN C0~1PLEX tIGENVALUE OF A REAL UPPER•HESSENBERG M 
ElGE~VECTOq CORRESPONDIP~G TO A GIVEN REAL EIGE~VALUE OF A REAL UPPER•HESSENBERG MATR 
EIGENVECTO~S ANO EIGENVALUES OF A COMPLEX MATRIX. 
ElGENVECTO~S ANO EIGENVALUES OF A MATRIX, PROVIDED THAT THEY ARE AL~ REAL, 
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Ki\ICI:~OEX 

RfAElG3 CALCULATES THE 
C~ICO}t CALCULATES THE 

Hl CALCJLATES EIGENVALUES A~O 
M2 CALCULATES EIGE~VALVES AND 
S GE~!ERALIZE~ EIGE~VALUCS AND 
AL CUL AT f. S T li E EI GE NV A~ ll ES A~! D 
ALCULATtS THE EIGENVALUES Al~D 
i\LCUl. ATES TrlE EIGEt~VAL.lJES AND 
ALCULATES ALL EIGENVALUES AND 
ALCULATES ALL EIGE~VALVES ANO 

V~tSYHTRl CALCULATES 
ALCULATES THE EIGE~VALUes A~D 
L ~JO R ~\ A '9 l Z f; S R ! AL. A ti D C O t1 PL f! X 

ES THE MODU~US OF THE LARG£ST 

H POSITIVE REAL EIGENVALUES C 
H POSITIVE ~EAL ElGE~VALVES C 

• 

• 

SINGLE 2~JD ORDER DIFFERENTIAL 
SINGl..E 2tJO O?:>ER OIFFEqttJTtAL. 
Sl\JGLC 1ST ORJER OIF-FEREtlTIAL 
A TES THE ROOTS OF A Q tJ A. D t? AT l C 
TEt~ OF 1ST ORDER DIFFEqEtJTIAL 
TEU or· 1ST O~DER DIFFERENTIAL 
TE~~ OF 15T ORDER OIFFE.REfJTI.4.L 
TE~1 or 1sr ORDER DIF"FEqEtJT!AL 
T E "i O F 1 5 T O RD E R D t F F E Q E • J T I A L. 
TEH OF' 1ST OR;ER DIFJ!E~f;.tJTIAL 
TEM or 1ST ORDER DlFFEREtJT!AL 
TE~~ Of 1ST ORJER DifFERE~ITlAL 
TEM OF 1ST ORJE~ OtFrEqE•JTIAL 
TE~, or 2~0 oqoER DIFFERENTIAL 
TEM Of 1ST O~DER DIFFE~t~TIAL 
TEM OF 1ST JRDER oirFERE~TIAL 
TEM or 2~10 OROER O I FFEREt~T I AL 

'i.blOIJ/11 

EIGE~YECTORS AND EIGENVALUES OF A MATRIX, PROVlDED THAT THEY ARE ALL REA~, 
ElGE~VECTO~S ANO THE EIGENVALLJES OF A eo~!PLEX UPPER•HfSSENBERG MATRIX, 
EIGEtJ\'ECTO~S BY MEAtlS OF It~VERSE ITERATION, 
E.lGErJVECTO~S av MCANS OF I~VERSE ITERATION. 
!lGENVECToqs av MEA~S OF OZ•ITERATION, 
E I G C 'JV E' C T O ~ S OF A C O ~ PL E X t1 E Rf 1 I T I A N H A T R l X • 
EIGE~VECTD~S OF A COt1PLEX HERMITIAN MATRIX 0 

ElGf:t:VECTOiS OF A t-tATRIX, 
EIGCNYECTORS OF A REAL UPPER•tlESSE~IBfRG MATRIX, PROVIDED THAT ALL EIGENVALUES ARE RE 
EIGEtJVECTO~S OF A SYt1~1ETRlC MATRIX BV MEANS OF QR ITERATION, 
EIGENVECTORS OF A SY~HETRlC TRIDIAGONAL MATRIX BY MEANS OF INVERSE ITERATION, 
E I GE t JV E C T O ~ S OF A S Y t~ t1 ET R I C TR I D I A GO N AL ~ A T R I X 8 Y ME A N S . 0 F G R I T E. R A T 1 0 N • 
EIGE~VECTORSe _ 
EIG!IR~ CALCULATES THE EIGENVALUES A~ID EIGENVECTORS OF A COMPLEX HERMITIAN MATRIX, 
EIGSVMt CALCU~ATfS EIOE~IVALUES AND EIGE~JVECTORS BY MEANS OF INVERSE ITERATION 0 

EIGsv,12 CALCULATES EIGE~VALUES AND EIGENVECTORS BY MEA~S OF INVERSE ITERATID~. 
EJGVALCOM CA~CULATES T~iE EIGENVALUES OF A COMPLEX MATRIX, 
EIGVA~HR•A CA~CU~ATES THE EIGENVALUES or A COMPLE~ HERMITIAN MATRIX. 
EIGVALSYH1 CA~CULATES ALL ( OR S0t1E) EIGENVALUES OF A SYMMETRIC MATRIX USING LINEAR 
EIGVALSVl12 CALCULATES ALL ( OR SOME ) EIGENVALUES OF A SYM~ETRIC MATRIX USING LlN~AR 
ELEnENT OF A MATRIX AND OELlVERS THE INDICES or iME MAXIMAL ELEMENT, 
ELIHINATJO~ SOLVES A SYSTE~ OF LINEAR E3UATIOflS WITH POSITIVE REAL EIGENVALU~S CELL 
ELLIPTIC BOUNDARY VALUE PROBLEM) BY t\EANS OF A NONuSTATlONARY 2ND ORDER ITERATIVE M 
ELLIPTIC BOU~DARY VALUE PROBLE~) BY MEANS OF A NO~•STATIONARY 2ND ORDER ITERATIVE M 
fLMCOL ADDS A cor~STANT T!HES A COLUMN VECTOR TO' COLUMN VECTOR, 
ELMC•:>LROW ADOS A CO~JSTA~~T Tl ►•ES A ROW VECTOR TO A COL,Ut.iN VECTOR, 
ELMCOLVEC ADDS A COf-iSTANT TIHES A VECTOR TO A COLUMN VECTORt 
ELMC0~1COL. ADDS A COtiPLEX ~JUMBtR TI~1ES A COtAPLEX COLUM~,J VECTOR TO A COMPLEX COL.IJMN VE 
EL~ C O J,i ROW V E C A D D S A C O '1 PL E X t,I Ur~ B E R T l t l E S A C O t ~ P LE X VE C T O ~ T O A C O MP LE X RO W ·~ E C T OR , 
EL ~ C n ' 1 VE C C 1' L AO D $ A C O ~1 P Lr E X NU MO E R T I f IE S A C O ~ 1 P L E X C O L lJ t1 N V EC T O ~ TO · A COM F' L. E X V EC T OR 
ELMROH AOos·A CONSTANT TIMES A ROW VECTOR TO A ROW VECTOR, 
!LMROWCOL AOOS A CONSTANT Tl~1ES A COLUMr~ VECTOR TO A ROW VECTOR 1 

EL~RO~lVEC ADDS A CONSTANT TI~IES A VECTOR TO A ROW VECTOR, 
ELM VE C Ar, 0 S It CONSTANT TI r1 E. S A VE C TOR TO A \IE CT OR, 
EL ti4 VE CC O L AO D S A. CO r i S TA ~l T T I f·1 E S A C O L. UM ~J VE C T OR TO A VE C TOR • 
E~~•VECROW ADDS A CONSTANT TIMES A ROW VECTOR TO A VECTOR, 
E' ! X CO•' PUT ES A SE JUEN CE Or EXPO~~ Et~ TI AL INTEGRALS E C N, X} = THE INTEGRAL FROM 1 TO INF 
EOILSR EGUIL18RATES A ttATRIX 6V MEA ►tS OF A O?AGO~IAL SIMILARITY TRANSFORMATION, 
E (J I L 8 RC O "1 C: Q ll l L t 8 R A T E S A C O }1 P LE X ~1 A T R l X 11 

EQlJt,TIOt~ C, INITIAL. VAL.LJE PROBLEM ) BV MEAfJS OF' A 5TH ORDER RUNGE•KUTTA MET~oo. 
E QUA TIO t·J ( It.JI T I A~ VA~ tJ E PRO~ LE ~1 ) B V MEANS OF A 5 TH ORDER RUNGE• KUTT A METH O O r TH IS 
EQUATION BV f-1EA\f$ OF A STtl ORDER RUNGE•KUTTA METHOD, 
E Q U A T I O t l '.A t T 14 C O ~1 P L ~ X C OE F F I C l E ~ 1 T S 1 

EJUATIO~lS ( I~lITIAL BOUNOARY•VALUE PROBLE~1) BY MEANS OF A STABILIZED RUNGE•KUTTA ME 
E QUA TIO t IS ( I~~ I T I AL VAL. U E PRO l3 LE,~ ) BY t ~EANS OF A ST A 8 IL I ZED RU "JG E •KUTT A ~ETH OD WITH 
EOUATIOt:S ( JN!TIAL VALUE PROBLEM) av t1EANS OF A VARIABLE ORDER MULTlSTEP MET~OD AD 

• 

EGUATIO~JS C INITIAL VALUE PROBLEM) BY t!fANS OF A VARIABLE ORDER TAYLOR METHODJ THIS 
eaUATIONS C INITIAL VA~UE PRODL(~) BY ~1EANS Or A 1ST, 2~D OR 3RD OROEQ ONE•STEP TAY 
EQUATIOt~S C INITIAL VALUE PROBLEM) BY MEANS OF A 1ST, 2ND OR 3RD ORDER, EXPONE~TlON 
EQUATIONS ( INITIAL VALUE PROBLEM) BY MEANS OF A 3RD ORDER MULTISTEP METHODJ THIS M 
EQUATIONS ( INITIAL VALUE PROBLE~) BY MEANS OF A 3RD ORDER, EXPONENTIALLY FITTED, S 
EOUATIOtlS ( tNITIA~ VALUE PROOL~M) BV MEANS OF A 5TH ORDER RUNGE•KUTTA ~ETHOO, 
EOUATIO~S ( INITIAL VALUE PROBLEM) av MEANS OF A 5TH ORDER RUNGE•KUTTA METHOD, 
EOUATICNS ( If~ITIAL VALUE PROBLEM) av ►IEANS OF A 5TH ORDER RUNGE~KUTTA METHODJ THE 
EQUATIONS ( INITIAL VALUE PROBLEM) BV MEA~S OF A 5TH ORDER RUNGEwKUTTA METHODJ THE 
EQUATIONS ( INITIAL VALUE PROBLEM) av MEANS OF A STH ORDER RUNGE-KUTTA METHOD, THIS 
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34186 115 
341ol 11:S 
3U152 111 
341b1 111 
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,343b9 119 
34156 113 
34154 113 
JLl37lJ 123 
3'4366 11() 
3/J155 113 
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3tobq 2a1 
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33170 225 
33t71 225 
3'4023 9 
l402<> 9 
3lJ022 9 
31.£377 25 
3tJ578 25 
3Ll37b 25 
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liJ028 q 
1~027 9 
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33012 171 
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3306b 2q5 
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· XWICit!OEX 

• 

· TEH OF 1ST ORDER DIFFERtt4TtAL 
TE~1 OF 1ST OPDER DIF'FEREt-lTlAL 
TEH OF 1ST ORDER DIFFERENTIAL 

. TEM Of JST ORDER OIFrE~ENTtAL 
Tt ti O t . .1 S T O ~ 0 ER C I F" r CR C N T I AL. 

··· TE SYti'-1.ETRlC SYSTEM OF' LINEAR 
TE SY!,1•1t:TRlt SYSTEt-t OF L I~~tAR 

··• .. SMD SOLYfS A SYSTCM OF L!~JEAR 
. A SYMMET"lC SYSTt'-i Or Llt1EAR 

. . . 

A SYM~!TRlC SYSTE~ or LIPJEAR 
OLt SOLVES A SYSTE~ or LINEAR 
OL2 SOLVES A SYSTEM OF LiilEAR 

· · .. 011 SOLV£S A SYSTEM or LI~£AR 
··.· · 0 L 2 SOL. VE 5 A S Y 5 T t t.1 0 F L I t,, EA R 
.··. SOLVES A SYSTfi,1 or ,~o~J•Ltl"JEAR 

.... ·· SOLVES A SYSTf>-( OF NO"l•l,.I~EAq 
S O·L SOLVE 5 A. SYS T f t-t OF L I NEAR 
T E R ~1 l : 1 E 0 S Y S T E M OF NO t J • L I ~: E i\ R 
TERt1!'1EO SVSTEH OF NOf~•LIN!AR 
SOL SOLVES A SYSTEM OF LINEAR 
ER, E T:: ~ '-1 I ~I e: 0 5 Y STE "1 C' F L I 'J; AR 
ER DE r E Q l~ I :t E ;> • SY 3 TE i., n F LI~, EAR 

.· · EPENDE½T PARTIAL D!rFE~ENTIAL 
.· TtH OF 1ST O~OER OIFfERE~TIAL 

ERDETERMINED SYSTE~ OF LI~,EAR 
t RD E T E ~ '1 I tie; v SYS TE '1 0 F L I NE A I!? 
8 ~i D s n L v E s A s Y s T E: 1 o f L I ~1 EA R 

. . . ·. THE t I G E ~! v E C T OR S OF A C Ott P L. e· X 
EOIL,ORCO~ 

EOIL,BR 
• 

COMPUTES THE E~ROR FUNCTIO~ C 
0 HP Lt ~, E? ! TA R Y E R RO R FU t IC T I O /tJ ( 

'J J ~l r.: x P E R F C C O : ~PU T E S 
ARR E ; !) EL I V f. R S T ~ E AR I T tit~ E T I C 
IC EICE!J!YSTE:"1 ~ND CALCUl,.ATES 
. ERRORFJ~;TION co~PUTES T•~E 
I O >-l C E R F' ) A ·-~ 0 C O •~ P L E ►1 £: ~ J T ~ R V 
NCTIOfl CAL.CUL.ATES THE ItlVERSE 
AT I VE L V A~l U"PERrJOU!.JO FOR THE 

. ELY A>-JO 4!-J UPPERBOU~JD FOR THE 
ES A ROUGH UPPER80~NO FOR THE 
N UPPER60U~0 roR THE RELATIVE 
• 

PEIOE 
COMEUCNR~ CALCULATES THE 

EI c,LtllLATES THE 
t N X C Ort P UTE S A S E QUE i JC E OF 

EM) BY MEANS OF A~J IMPLICIT, 
. EM) BV MCA~S or AN IMPLICIT, 
E~) BY ~EA~S Of A 3RD ORDER~ 
ALUE PROBLE~) SY MEANS OF AN 
SOFA 1ST, 2ND OR 3~D ORDER, 
POINT R~LE ~ITH SMOOTHING AND 

21:)IOU/17 

IOUATIOt~S ( INITIAL VALUE PROBLEM) BY MEANS or AN EXPONENTIALLY FITTED, 3RD ORDER R 
EOUATIOt1S ( tNITIAL VALUE PROBLEM) BY MfANS OF AN IMPLICIT, EXPONENTIALLY FITTED 1S 
EQUATI0l4S C INITIAL VALUE PRODLEM) BY ~EANS OF AN IM~LICIT, EXPONENTIALLY FITTED iS 
EOUATlOIJS ( INITtAL VALU~ PROBLEM) BV MEANS OF THE IHPL?C!T MIDPOINT RULE WITH SMOO 
fOUATIOt~S C INITIAL VALUE PROBLEM )1 av EXTRAPOLATION, APPLlEO TO LOW O~OER RESU~TS, 
EOUATIOt:S SY CHOLESKY'S SQUARE ROOT METHODJ THE COEFFICIENT MATRIX SHOULD SE GIVfN I 
EQUATIONS SY CHOLESKYIS SQUARE ROOT ~ETt~oo, THE COEFFICIENT MATRIX SHOULD BE GIVEN C 
EQUATIONS av GAUSSIAN ELIMINATION WITH PARTIAL PIVOTING IF TH~ COEFFICIENT ~ATRIX IS 
EQUATIO~JS av ~Y'1METRIC DECOMPOSITION ( WITHOUT PIVOTING>, THE COEFFICIENT ~ATRIX 5H 
EQUATIONS av SY~METRIC DECO~POSITION ( WITHOUT PIVOTING )J THE COEFFICIENT MATRIX SH 
EQUATIONS ?F THE COEFFICIE~T MATRIX HAS BEEN DECOMPOSED BY CHLOECt OR CHLDECS0~1, 
EQUATION! IF THE COEFFICIENT MATRIX HAS BEEN DECOMPOSED BY CHLD!C2 OR CHLOECSOL2 1 
EQUATIONS IF THE COEFFICIENT MATRIX HAS BEE~ OECO~POSEO SY SY~DECl OR 8YMOECSOL1 1 

EQUATIOtlS IF THE COEFFICIENT MATRIX HAS BEEN DECOMPOSED BY SYMDEC2 OR SYMOECS0~2, 
EQUATIOt~S OF WHICH THE JACOBIAN C BEING A BAND MATRIX) IS GIVEN• 
EQUATIONS Or WHICH THE JACOBIAN IS A BAf~D MATRIX, 
EQUATlO~JS ~HOSE ORDER IS SHALL RELATIVE TO THE NUMBER OF BlNARY DIGITS IN THE ~UMBER 
EQUATID~lS WITH MlRQUARDT 1·S METHOD, 
EQUATIONS WITH THE GAUSS•tJEWTON METH00 1 

EOUA TI O:·IS • 
EQUA TI Of.;S • 
E Q U A T l O ~~ S • 
E QUA TIO t·l S • 

• 

• 

EQUATIONSJ T~E UNKNOWN VARIABLES MAY APPEAR NON•LlNEARLY BOTH IN 
EQUATIO~tS, MU~TIPLYING THE RIGHT-HANO SlDE BY THE PSEUOO•INVERSE 
EOUATIOtlS, ~l1~TIPLVING T~iE .RIGHT•HAND SlDE BY THE PSEUDO•lNVERSE 
EOUATIOtJS, THE '1ATRIX BEING DECOMPOSED BY DECBND, 

THE DIFFERENTIAL EQ 
OF THE GIVEN MATRIX 
OF THE GIVEN MATRIX 

E·QUIL!BRATED ( OV EQILBRCOM l ~'ATRIX INTO THE EIGENVECTORS OF THE ORIGINAL MATRIX, 
E <1 Lt I L 18 RA TE $ A C O ,., PL EX t•1 A T R I X , 
EDUILIBRATES A ~ATRIX BV HEA~IS OF A DIAGO~IA~ SIM?LARITV TRANSFORMATlON 1 
ERB£L~I CALCULATES A ROUGH UPPERBOUND fOR THE ERROR IN THE SOLUTION OF A SYSTEM OF Ll 
ERF ) AND CQHPLE~ENTARY ERROR FUNCTION ( ERFC) FOR A REAL ARGUMENT, 
ERFC) FOR A REAl ARGU4£NT 1 

ERFCCXl t EXP(XtX)• . 
ERROR BOUifO Or. THE COt1PUTOR 0 

ERR'1R BQ!_'.,!:>S FOR Tt-1E EIGENVALUES• 
ERROR FUNCTIO~ ( ERF) AND C0t1PLEHENTARV ERROR FUNCTION C ERFC) FOR A REAL A~GUMENT 
E ~ R O q F' U 'JC T I O ~~ ( E Rf C ) r OR A Rf; A L. AR GUM EN T • 
ERROR FUNCTION Y = tNVERf(X), 
ERROR I~! THE SOLUTION IS CALCULATED,· 
ERROR IN THE $0~UTION 1S CALCULATED, 
ERROR I~I THE SOLUTION OF A SYSTEM OF LlNEAR EQUATIONS WHOSE MATRIX IS TRIANGULARLY 0 
EP.~OR I'·I TbfE SO~UTIC"N OF TriAT SYSTEH 1 

ERROPfUtlCTION COl1PUTES THE ERROR FUNCTION CERF l AND COMPLEMENTARY ERROR FUNCTION ( 
ESTif~lTtS U~KtJOWN PARAMETERS I~ A SYSTEM OF 1ST ORDE~ DlFFERE~TIAL !OUATIONSJ THE UN 
EUCLIDEAN ~ORM OF A COMPLEX MATRIX WJTH LW LOWER CODIAGONALS 8 

EULER PtRfQR~S THE SU!~MATXON OF AN ALTERNATING INFINITE SERlES 9 
EXP~~:EiiTIAL INTEGRAL• 
EXPONENTIA~ I~~TEGRALS E(tl,X) ~ THE INTEGRAL FROM 1 TO INFINITY OF EXP(aX • T) TttN 
EXPOtlE~JTIA!.L,V ,;FITTED TAYlO~ SOLVES A SYSTEH OF 1ST ORDER DIFFERENT IA~ EQUATIONS ( IN 
EXPOJJCNTIALLY FITTED 1ST ORDER ONE•STEP HETHODs AUTOMATIC STEP•SIZE CO~TROL IS NOT P 
EXPONENTIA~LV FITTED 1ST ORDER DNE•STEP METHODrTHIS METHOD CAN BE USED TO SOLVE STIF 
EXPONENTIALLY FITTED, SEMI•IMPLICIT RUNGE•KUTTA METHOO-J THIS METHOD CAN BE USED TC S 
EXPONENTIALLY FlTTEO, 3RD ORDER RUNGE•KUTTA METHOD1 THIS METHOD CAN BE USED TO SOLVE 
EXPOtJENTIO~ALLY FITTED RUNGt•KUTTA METHOOJ AUTOMATIC STEPSIZE CONTROL IS NOT PROVIDE 
EXTRAPOLATIONJ THIS METHOD IS SUITABLE FOR THE lNTEGRAT10N OF STIFF DIFFERENTIAL EQU 
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33131 1bS 
33132 221 
S313S 231 
33180 153 
liJ3Q2 5q 
3/J393 59 
l43Z2 79 
3LJ70b 281 
1~707 281 
l43Q1 59 
3U3QO 59 
34705 281 
)Q70" 281 
34430 211 
31JlJ31 217 
lUl01 liq 
3q4qo Z19 
l/Jt.,'41 219 
31.1232 49 
3q2a1 &7 
lQ28l b9 
330bo 2q5 
3'1Lt4Q 25q 
3U280 b7 
3i.i282 .E,9 
3/J071 19 
l/J3tl2 99 
:SqJE,1 qq 
3LI 17l "17 
3l.12lJI tJS 
35021 227 
35021 227 
l5022 221 
10002 275 
3oao1 lot 
:SS02t 227 
35021 ZZ1 
lS023 221 
34253 53 
3lJ2S4. 53 
:S<JZ<l 1 4

1
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3ij2ti2 49 
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31J4t..4 25~ 
3435q 11 
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K ··""1i·o-x 
I'! " \, I 1 "' 

• 

SERORTPOL EVALUATE$ A 

FOUSER EVA~UATES A 
Co,~ F o t J s , R E \'AL 1J A TE s A Co r1 P ~ E )( 

FOUSER1 EYA~UATES A 
rouSER2 EVA~UAiES A. 

0 • 1 F O IJ S E ~ 1 E V l. L U A T E S A C O ~1 PL E X 
0 '. ~ F O L1 S E :::: 2 E V A \. U A T E S A C O ~~ ? L E X 

LATES A TE~~1INATING CO~TINUED 

FRES~EL CALCULATES THE 
• 

AN MATRIX OF A~ N.,IHE~SIO~AL 
A N !1 A ! R I X Of A '1 kJ • C' I ~• E ~JS I O \J AL 
A~~ ~1ATRIX :JF AN tJ•DI~iE~~SIO\lAL 

~lNI~J ~JNI~IZES A 
~II~t~CER '1IN!~IZES A 

f. S T ~i £ DE f I :·! I TE I ~~ T c GR ~ L OF A 
E s T ~, E JC: r· I \i I TE I ~IT E. r, R A L a F A 

G I V E ) l I ,., r :! ~ V A L ) A 2 E R O O r A 
GIVE~ l~!TER ✓ AL l A ZERO OF A 
GIVEN I~TE~VAL) A ZERO OF A 

Ll\JE'1If·J MI~llI·•IZES A 
R : ( I( l ~, I ~ J t,.1 1 t l I I 1 l z E s A 

fLEMIN ~IN!MIZES A 
P~AXIS ~It~I=~IZES A 

C A L, C iJ L A T E S T ; i E I ~ ~ V E R S E E R q a R 
J A p l. L: s ~ C A L. C I J L. A TE s T ~➔ E BE s s t. L 
SS Y.-\01 CALC·-'LATES T~~E OESSEL 
Y A P I,.. I J 5 '1 C A L C v L A T E S T ~◄ E l3 E S S EL 
r F' f' R E r ! r 1 A L ~ J ·J A r r a ·, s y A R I r z • 
FFERE,JT IAL f.Q.JA TIC~ BY A RITZ• 
soL,l~D~?.y co·11rr1oris ~Y A Rtrz. 
F f E R E ti T I A ~ E J J A T I O 'J B Y A R I T Z • 

CULATES THE PECI-PRnCAL OF THE 
THE :~ATURAL LOGARITHM or THE 

GA'l•AA CALClJL.ATES THE 
OrlG4µ COt.lPUTES Tt~E I~JCf'.\lfPLETE 
THE APSCISSt\E A.fJD "'EIGHTS FOR 
TtiE ABSCISSAE A~D WEIGHTS FOR 
SYSTE~ OF ~INEA~ EQUATIONS BY 
S•t10ULTON, ADAMS•BASHFORTH OR 

Q Z I C O t1 P U TE S 
• 

• 

2~/0~/77 

F E ~, i 1 E R ~~ S Y 11 S O L. V E S A L I ! J E A R T l~ D •PO l N T 8 0 U ND A R V • V ALU E PR OS L E M r O R A F' 0 UR T H OR D E R SE L. F • 
FE~1L~G SOLV(S A LINEAR TWO•POI~•T OOUNDARV•VALUE PROBLEM FOR A SECO~D ORDER SELF•ADJO 
FEMLAGSKEW SOLVES A LI~lEAR TWO•POI~T BOUNOARY•VALIJE PROBLEM FOR A SECOND ORDER DIFFE 
FEMLAGSYH SOLVES A LitJEAR T~IO•POINT BOUNOARY~VALUE PROBLEM FOR A SECOND ORDER SELF•A 
FG IS AN AUXILIARY PROCEDURE roR TtiE CC~1PUTATION OF FRESNEL INTEGRALS. 
FINITE SERIES EXPRESSED IN ORTHOGONAL POLYNOMIALS, GIVEN BY A SET OF RECURRENCE COEF 
F L E ~, ! t 1 : 1 I : i 1 ' 11 Z E S A F u t ~ c T I or~ o F s E v E R A L V A R I A B L f: s , 
FLEUPD ADDS A RAtJK•2 MATRIX TO A SYM~tETRIC MATRIX 0 
FORHARD IS A~J AUXILIARY PROCEDURE FOR THE COMPU·TATION OF INCOMPLETE BESSELFUNCTIONS, 
FOURIER SE~IES WITH EQUAL SINE AND COSINE COEFFICleNTS 1 

FOURIER SERIES WITH REAL CDtFFICitNTSt 
FOU~IER SERIES• 
FOU~IER SERIES, 
F O IJ F~ I ER S E q 1 E S 1 

F'OUr,,IER SE~lcS, 
FOUSER EVALUATES A FOURIER SERIES WITH EQUAL SINE AND COSINE COEFFICIENTS, 
FOUSERl EVALUATES A FOURIER SERIES, 
FOUSER2 EVA~UATES A FOURIER SE~IES, 
FRACTIOff 1 

FPEStJEL CAL,CULATES THE FRESNEL INTEGRALS CCX) Afl-JD S(X), 
FREStJCL I~lTEGRAL.S C(X) Af~D SCX), 
FUL• 1 ATVEC CALCULATES THE PRODUCT A• 8, WHERE A IS A GIVEN MATRIX AND B 15 A VECTOR 1 
FULSY:1~ATVEC CALCULATES THE PRODUCT At B, WHERE A IS A SYMMETRIC MATRIX, WHOSE LIPPE 
FULTA'!VEC CALCULATES THE PROOUCT A' * 6 1 WHERE A1 IS THE TRANSPOSED OF THE MATRIX A 
FUNCTION OF M VARIABLES USING FORWARD DlFFERE~!CES, 
FU~ CT IO tJ O II' N VAR I A 8 LES US I~~ G FORWARD DI Ff" ERE NC ES • 
F U t JCT IO f J O F t,I VAR I A. 9 LE: S , l F THE J AC OB I A ~l I S Kt-JO W N TO BE A B ANO MAT R I X • 
F U ~JC T l ON O F O r l E VA R t A B LE I N A G I V EN I ~~ T E: R V A L , 
Fur~c,10•; OF ONE VARlAOLE IN A GIVEN INTERVAL, USING VALUES OF THE FUNCTION AND OF IT 
fUNCTIOil o, o~~e· VAR!AOLE OVER A F'INITE INTERVAL, . 
FUNCTIO:I OF O~~E VARIABLE OVER A FINITE OR INFINITE INTERVAL OR OVER A NUMBER OP CONS 
F tJ ~Cr I Cl~ I OF' 0 ~IE: VAR 1 AOL E US l ~, G VALUES OF THE f' UN CT? 0 ~J AND OF I TS DER IV AT 1 VE t .· 
FU~CTlON a, o~JE VARIABLE. 
F u r" c T I o r J o F' o t I E v A R I A o L E • 
FUt~CTION or SEVERAL VARIABLES Itl A GIVEN DIRECTION. 
F Ut~C TI Ot·I OF SE V E:R A.L. VAR 1 ASL.ES• 
FUNCTlOll OF SEVERAL VARIAB~ts. 
FU 1, CT IO t·l OF' 5 E. VER AL VAR I AB L.. ES 1 
FUNCTIO~J Y = I~!VfRF(X). 
FU~CTIOflS OF THE 1ST KIND 
F U ~, C T I Of~ S O F TH ~ 2 ND K I f, D 
FUNCTIOt!S OF THC 2ND KIND 
GALERKI!~ t·1ETHOD, 
GAL E R K I ~~ ~I E T H OD • 
GALERKI~J 11ETHOD, 

OF ORDER A+K ( O<nK<:N, O<=A<1 ) 1 
( ALSO CALLEO NEU~ANNIS FUNCTIONS) OF 

' Or ORDER A+N, N=o,.,.,NMAX, A ► ~O, ANO 

GALERKir~ t1ETHODJ THE COEFFICIENT Of Y'' IS SUPPOSED TO BE UNITY 1 
GA t~? 1 A C A LC UL A TE S T H E G A M HA F U J,1 C T l O N 1 

' 

ORDER A ANO A+1 
ARGUMENT X>O, 

( A 
• 

G/\1'-1'1A FU'..JCTI □ t·~ FOR ARGUME~ITS IN THE RANGE t.s, 1 ,Sl I MOREOVER 000 ANO EVEN PARTS ARE 
GA ,\1 : 1 A f lJ NC T I O ~~ PO R PO S I T I Ve: AR GUM EN TS 1 
GA~~!A FUNCTIO~J, 
GA M ~! A r U t~ C T I O ~, S • 
GAUSS• JACOBI QJADRATUREe 
GAUSS• LAG~ANGE QUADRATURE, . 
GAUSSIAI~ E~IMINATION WITH PARTIAL PIVOTING IF THE COEFFICIENT MATRIX IS IN 8ANO FORM 
GEAR'S HET~oo, THE ORDER OF ACCURACY I$ AUTOMATIC, UP TO 5TH OROERr THIS METHOD IS S 
GENERALtZEO EIGENVALUES AND EIGENVECTORS SY MEANS OF 0Z•ITERATION 1 

PAGE 

33303 
33301 
33302 
33300 
35028 
310lJ7 
34215 
31J213 
3S055 
31092 
31095 
31093 
l1oqq 

· 31096 
31097 
31092 
l1oq3 
31oqu 
35083 
35027 
35027 
31500 
31502 
31501 
3U~38 
Jl.1£1!1 
341£439 
:SU433 
31J435 
32070 
32051 
:SU4S3 
34150 
34(,l36 
3lJ210 
:s"21a 
3iJ215 
3~432 
35023 
3S180 
35161 
3S182 
3l.300 
3:!302 
33303 
33301 
550b1 
l5060 
3SOb2 
l50b1 
350!0 
31425 
11427 
34322 
33080 
3Llb01 

2b5 
2b1 
2b3 
261 
227 
293 

19 
13'1 
187 
203 
203 
203 
203 
203 
203 
203 
203 
203 

Ll1 
221 
227 

15 
15 
15 

211 
213 

• 

213 
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-K ti' I C I :.; DE X 

QZIV4L COI·t?UTES 
' 

-

J;t t I S A C C ~ R i) I ~J G T O T 1-i E H OD I F I E D 
F~OM T~~ NE~TON FORM l~TO THE 

• 

• :i 

• 

rl S ~i HR '~ T R ! i RANS F OR t.1 S A 
THE E I ~ E ti V AL U E S O r A. C O •~ !' ~ E X 

A~,n E:IGc:','.\✓ Ecrnqs oF A co~PLEX 
Tl~£ EI\1£•1V.\LUES or A eoi.crLEX 

- A~~[) E. ! GE ~i y EC T :JR 3 0 f A COMP~ EX 
--

THE COv!AG0·1AL EL.c'fEtJTS Or A 
~ ElGE~1ALlJES OF A REAL UPPER• 
AL EIGENVALUE OF A ~E4L lJP~EP• 
EX EIGE 1:VALJE Of A REt,L UPPER• 
A ~1ATRIX l~TO A SI~ILA~ UPPER• 

!t;Tf.1 A Sl''lLAR UtJITlRY t.lPr>(n-. 
IG[,.,VAL.: .. 1ES OF A C0'1PLEX 1JPPt~ .. 
I G E ~ i VA L 'J E S OP A C O ~1 P l E X t.1 P ? E R • 
E E I GE \JV A L iJ E S O F A RE AL. 1.J P P E R • 

EIGE:JVECTORS OF A REAL UPPER• 

~i O 1 i S O L S VO SOLVE S THE 
HOMSCL SOLVtG THE 

T PRE~1ULTIPLIES A 
POSTt1VL.TlPL,IES A 

T PRtUL!LTIPLIES A 
Pr;~"'l'''LflTTi-'-1 'ES A •.- \~ ' let - + ~ ,I, -

T r, ,.., r l; 1 1 • T 1-P ~ t E q ' • 01,, .... '-, .,, v A 

~,AT RIX 
f~ATRIX 
''ATRI~ 
MATRIX 
'~ATRIX 

BY A 
av A 
BY A 
BY A 
BY A 

POST~~ 1--1L.T!PLIES A ~-1ATRIX BV A 
NEIR LEAST SGUARES PROBLEM av . -

LSJORTDEC DELIVERS THE 
A CO~~ PL.. EX MA TR I X 8 Y ~1 EA tJ S OF 

R TR 1 0 I ~ G O 'J AL O i~ E 8 Y t 1 E A ~J S OF 
R TRID14GO~AL ONE BY MEANS OF 

A ~~Sr OR '4 A T I O ~ C O RR E S P O ~JO l ~JG T 0 

26/0'J./77 

GENERALIZEO EIGEPJVALUCS BY ~EANS OF QZ•lTERATJON, 
G I A 11 T OE L I VE R S T 1-i E L A R G E S T RE r RES E ~J T A D L C RE A L NU M 6 E R • 
G f ! S SOL \'ES A ~-J A UT O ~-J rJ tf OU S SY STEM OF 1 ST ORDER D I FF ERE N T I AL E QUA T l ON S C I NI T 1 AL YALU E 
GRA'1•S·1Il)T 1~ETHOD, 
GRU;JERT fOR.~, 
G S S EL • 1 PE ~ F OR ~ S A TR I A t'1 CUL A R DEC O ~1 P OS I T l O ~1 W l T H A C O M 8 I NA T l O ~ 0 F PA R T I A L A NO C O MP L. E T 
GSSER6 rERFQR~S A TRIANGULAR OECOHPOSTION Of THE HATRlX OF A SY$TtM OF LINEAR EQUATI 
GS SI 1·1 V CA t. Cu LATE S T ~t E I ~IVE PS E OF' A MAT RI X , 
GSSttJVERB CALCULATES THE INVERSE OF A MATRIX ANO. 1•NORM, AN UPPERBOUNO FOR THE ERROR 
GSSITISOL SOLVES A SYSTEM OF LI~EAR EQUATIO~S A~ID THE SOLUllON IS t~PROV!D ITERATIVE 
GSSITISOLt~B SOLVES A SYSTEM OF LINEAR EQUATIONSJ THIS SOLUTION IS IMPROVED ITERATIV 
GSSJACWGt~TS co•~PLJTES THE ABSCISSAE AND WEIGHTS FOR GAUSS• JACOBI QUADRATURE, 
GSS~AG~G'~TS CO~PUTES THE ABSCISSAE AND WEIGHTS FOR GAUSS• LAGRANGE QUADRATURE, 
GSS~lEWTON CALCULATES THE LElST SQUARES SO~UTlON or AN OVEROETERMtNEO SYSTEM OF NON•L 
GSSNRl PERFOR~tS A TRtANGULAR DECOHPOSJTION ANO CALCULATES THE 1•NORM OF THE INVERSE 
GSSSOL SO~VES A SYSTEM OF LINEAR EQUATIONS, 
GSSSO~ER6 SOLVES A SVSTtH Or LINEAR EQUATIONS ANO CALCULATES A ROUGH UPPERBOUNO FOR 
HER'1ITIAN MATRIX INTO A SlHILAR REAL SYMMETRIC TRIDIAGONAL MATRIX 8 
HER t 4 I T I AN '-4 A T R I X , 
HER!!lTIAN "'1ATRIX• 
H£R' .. ITIAN ~ATRIXe 
HER '·1 I TI A t-J ~AT RIX 1 

HER~1ITIA~ TR!DlAGOrJAL MATRIX WHICH IS UNITARY SIMIL,AR .-,ITH A GIVEN HERMlTtAN MATRlX 9 
~~ESSE~JBERG MATRI)c' BY f1EA~~s OF OOUBLC QR ITERATION• 
HESSE~BEPG ~ATRIX BY t~tAtJS OF I~JVEijSE ITERATION 0 
HE S 3 E !·1 A E R G ~1 A TR I X B Y ~1 E. Ar J S OF I ~JV E R SE I TE fi A T I O N 1 
Hts s Eli E\ r q G ~1 Ar R Ix av !A EA N s o F w_ 1 L K I ~ J so I J , s r RA r-J s r: o R >-i Ar I o N • 
HE: S S E : 18 E ~ G t~ A T R I )( W l 'T H A RE A L N O ~~NE GA T I VE S U e O I AGO NA I. • 
HE S S £ 'l 9 E.: R G ~\ A T R I X W l T ~i A RE A L SU 9 D I A GO ~JAL 1 
HESSEtJBERG ~!A TR rx. . 

• 

HtSSE~~BEqG ~ATPIX, PRO\JtOED T•iAT ALL EtGEtlVALUES ARE REAL, BY MEANS OF SINGLE QR tTE 
HtSSE'~~E:PG ~1AiRIX, PROVIOEO T~IAT ALL EIGE~JVALUES ARE REAL, BY MEANS OF SING.t.E QR ITE 
HESTGL2 IS AN AUXILIARY PROCEDURE FOR THE CD~AP\JTATJON OF GENERA~!ZEO tIGENVALUES, 
HESTG~3 IS AN AUXILIARY PROCEDURE ,oR THE COMPUTATIO~ OF GENERA~IZED EIGE~VALUES, 
HO~OGENEOUS SYSTEM OF LINEAR EQUATIONS A• X ~ 0 ANO X1 t A, O, WHER£ "A" OtNOTES A 
HOMOGCr• 1E0US SYSTEM OF LINEAR (QUATIONS OF EQlJATlO ►IS A* X = 0 A~O Xt *A~ o, WHERE 
~0~1SOL SOLVES THE H0~10GttJEOUS SYSTEH OF LI~IEAR EOUATlONS OP fQUiTIONS At X m O AND 
HO ('\ SOL. S VD S O L VE S T ~ E .~ 0 ~, 0 GE N E OU S S Y S TE M OF L. I ~, f A R E Q lJ A T I ON 8 A • X 1 0 A NO )( ' t A • 0 
H0USE:tl0L.CER t-tATRIX, TriE VECTOR OEFlt•I~IG THIS HSl1 MATRIX BEING GIVEN AS A COLUMN IN A 
HOUSE~IOL.DER MATRIX, TfiE VECTOR DEFI~~I~~G T~iIS HSH MATRIX BEit-lG GIVEN AS A COJ.UMN IN A 
HO I J SE t IO~ 0 E ~ ~ A T R I X , T r1 E VE C T OR DE F I N I t~ G T ~i I S ~➔ S H H A T R I X 8 E I NG G I V EN A S A RO w I N A T W 
HOUSE~iOLPER ~AT~IX, T~E VECTOR DEFINING THIS HS~t MATRIX BEING GIVEN AS A RO~ IN A TW 
HOUSE~fOLDE~ MATRIX, THE VECTOR DEFINING TtiIS HSH MATRIX BEING GIVEN IN A ONE•DIMENSI 
HCUSE•iOLDER MATRIX, itlE VECTOR DEFINING TrlIS HSH MATRIX BEING GIVEN IN A ONE•DIME~ISI 
~OuSEHOLDEq TRIANGULARIZATION WITH COLUMN INTERCHANGES AND CALCULATES THE OIAGO~AL 0 
HOlJSE•iOt,.OE~ TRIAtJGULARIZATIO~ WtTtt COLU~~J lNTtRCHANGES OF fHE MATRIX OF A LINEAR LEA 
HOUSE1~0LOE~tS TRA~lSFORHATlON FOLLOWED-BY A COMPLEX DIAGONAL TRANSFORMATION INTO A SI 
HOUSE~iOLOER IS TRAt~SFORMATIO~, 
HO lJ SE ~i O L, 0 E ~ t 6 T RA•~$ FOR r 1 A T l ON 1 

HSHCO~HAT PREMULTIPLlES A ~iATRIX BY A HOUSEHOLDER MATRIX, THE VECTOR DEFINl~G THIS H 
HSHCOLTAM POSTMJLTIPLlES A MATRIX BY A HOUSEHOLDER MATRIX, THE VECTOR OEFI~ING TMIS 
HSHCOMCDL TRANSrOR~1S A CO~PLEX VECTOR INTO A VECTOR PROPORTIONA~ TO A UNIT VECTOR, 
H$rlC0~1HE5 TRANSFORMS- A COMPLEX MATRIX BY MEANS OF HOUSEHOLDER 1S TRANSFORMATION FOLLO 
tiSHCC ~~HES, 
HShcoi,PRD PRE~U~TIPLIES A COMPLEX MATRIX WITH A COMPLEX HOUSEHOLDER MATRIX, 
HSHOECMUL IS .AN AUXILIARY PROCEDURE FOR THE COMPUTATION OF GENERALIZED EIGENVALUES• 

• 
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3q6QO 21:,7 
3000" 27~ 
33tq1 223 
3640Z 2q9 
31050 IJJ 
ll.12'31 <JS 
3tJ2tJ2 45 
3tJ2!o s1 
l~2/J4 51 
14251 Sl 
34254 53 
31£&25 2Q1 
31~21 zq1 
Jaq!ll 21Q 
3tA252 /JS 
3U232 IJq 
3£J243 lJC) 

34363 105 
3t.t:So8 11<l 
3q!,69 119 
34370 119 
3/J.511 11Q 
:S~3b~ !OS 
:sq1qo 11s 
3lJ181 115 
31.1191115· 
:SU170 103 
ltJlbb 107 
3lJ372 121 
3U373 121 
14180 11'5 
3tSt8o 11s 
31Jb0'4 2b7 
.3Uo0l 2.b1 
3tJ284 11 
3lJ285 71 
3£1285 71 
3l428!J 71 
31071 2b<i 
51074 2b9 
31072' 2b9 . 
31075 2b9 
ll070 26<; 
31073 2b9 
l"15<.s bS 
3~134 63 
3£1l6b 101 
ll.lllJl 101 
3'11 l.l O 101 
31071 26'1 
31074 26q 
3tJ355 23 
343bb 107 

· Jl.1367 107 
l4lSb 2l 
l4c02 267 
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AtJSF'ORHATI0~1 COR~ESPo~,DING TO 

-

I X r ROM T ti E DA TA GENER A TEO 8 V 
IX FROM THE DATA GE'•JERATED ~y 

' 
CCSH COMPUTES T~E 

A R C C O S ;1 C O '-1 P U T E S T i I E I ~ l \I E R S E 
$ 1 · J ,1 C O ! I r J T E S T H E 

,~. ~ C S I \J rf C O '1 P \,1 T E S T I I E I 1 I V E R S E 
TA ~ Ii C O "ff' U T ES i Hf 

ARC TA ~4,; CO :-1i;, J TES T ~f E I 1: VERSE 
C O 1-4 P L E T E 6 E T A • r U fJ C T I O ~ J R A T t OS 

T ~ E I ~~ C O : ~ ~ I. E T E B E TA• r U ~ l C T I O ~i 
co~PLtT, 6ETA•FWNCTION RATIOS 

• 

ALLIE P~OGLE\1) BY ~EANS OF AN 
A L. U ; r ~ ~ P L. E .. , ) B V M E A ~ J S C F A fJ 
0 · 8 Y GS S ti,< I I T tJ IS SOL-UT l ON l S 
R EQUATIO~IS; THIS SOLUTIO~I IS 
MOR GSSER6a THIS SOLUTION IS 
E QUA T I O 'I S A ~ID T ~➔ E S O LU T l ON l S 

S Y'~E IG INP 

INCBE:TA CO~'PUTES THE 
I ~ P PL U S r~ C t' t1 P U T E S 
!6QPLUS~I COilPUTES 

INC0""'GA~1 C0 1!F'UTtS T~~E 
l~~TCHS COilPUTE:S THE 

S PER r OR ~ S T :·i E SU f 11
•
4 A T l O i4 OF A 

E SU"~ ~I A TI C' N OF A~! AL TERI J AT I NG 
I ~ • F t.J i \ ~ C C L C j L. C. UL A T ~ $ T H f 
l \I r : i R ~ ~: A T C A L, C U L A T E S T H E 
I\r~R~R0~ CALCULATES THE 
INFNRMVEC CALCULATES THE 

• 

Zb/04/11 
• 

HS H ~IR \1 T R I TR A:-~ SF' 0 RMS A HER ~t I T t AN MA TR I X I ~IT O A $ l M I LA R RE AL SY MME TR ? C TR I O I AGO NA(. MA 
f-lSt'1 1lR 'TRI t 

~,S~ft{2'1TRIV4L. DE~IVERS THE MAI!l DIAGO~~AL ELE~1Ef~TS AND THE SQltARr:s OF THE COOIAGONAL E 
HShRE~BIO TRANSFOR~S A MATRIX TO BtOIAGONAL FORM, BY PREMULTlPLYING ANO POSTMULTIPLY 
HSHREABIO, 
HSH~E'ABlf', 
HSH~O~l-iAT ~REHU~TIPLJES A MATRIX av A HOU·SEHOLDER MATRIX, TH! VECTOR OErINI~G THIS H 
HSHRO~TAM POSTMULTIPLIES A MATRIX BY A ttOUSCHOLDER MATRIX, THE VECTOR DEFI~ING THIS 
HSHVECMAT PREMULTIPLIES A MATRIX BY A HOUSErlOL~E~ MATRIX, THE VECTOR DEFINING THIS H 
HSHVCCTAM POSTMLJLTIPLIES A MATRIX BY A HOUSEHOLDER HATRIX, THE VECTOR DEFINING THIS 
HSH2COL JS A~ AUXILIARY PROCEDURE FOR THE COtlPUTATION OF GENERA~IZED EIGENVALUES. 
HSH2D □ wz IS AN AUXILIARY PROCEDURC FOR THE CO~PUTATIO~t OF GE~ERALIZED EIGENVALUES, 
HSH2RJWJ IS A~ AUXILIARY PROCEDURE FOR THE C0~1PUTATION OF GENERALIZED EIGEijVALUES, 
HSH3COL lS AfJ AUXILIARY PROCEDURE FOR T~iE CO~PUTATION OF GEtJERALlZEO EIGE~JVALUES, 
HSH3~0WZ IS AN AlJXIL!ARY PROCEDURE roR THE COMPUTATION OF GENERALIZED EIGENVA~UES, 
HSH3ROW3 IS AN AUXILIARY PROCEDURE fOR THE COMPUTATION OF GE~ERA~IZEO EIGENVALUES, 
H VP ERB O L I C CO S I ~ E FOR A RE A L AR GU t 1 Et~ T X 1 
HY? E RO O L I C C O S I :-J E FOR A RE AL. ·AR GU t~ Et· J T X • 
HYPER30l..lC Sl~4E FOR A REAL ARGU~1EtJT X, 
HYPCq □ OLIC SI~~E FOR A REAL ARGUl~ENT X, 
~YPfR60LIC TA~!GENT FOR A REAL ARGUMENT X, 
HYPEP.BOLlC TAi~GE>~T FOR A REAL ARGUHENf X, · 
l(X,P+t~,Q) rDR 1\J a O (1) tJt.1AX 1 0 c, )( <a 1, P > O, Q > 0 1 
I(X 1 P,Q)I O <, X c: 1, P > O, Q > o. 
I ( X I P , Cl + N ) F OR ~ l :; 0 ( 1 ) t·1 H AX , 0 < -: X <;; 1 , P > 0 , Q > 0 1 
Ifl?PL'JS:~ CO:•l?UTES It~COMPLETE UETA•PUNCTIO~J RATtOS ICX,P+N,Q) rOR N; 0 (1) NMAX, 0 c 
I6DrLUS~J CO~PUTES INCOMPLETE BETA•FlJNCTION RATIOS ICX,P,Q+N) FOR N ~ 0 (1) NMAX, 0 c 
!CHCDL INTERCHA~CES TWO COLUMt4S OF A MATRIX, 
lCH~OW INTERC ►fA~GES TWO ·Rows OF ~ATRIX, 
ICHROWCOL INTERC~ANGES A ROW ANO A COLUMN OF A MATRIX, · 
lCHSEQ l~TERCHANGES TWO COLUHtJS OF AN UPPERTRIANCULAR MATRIX, WHICH IS STORfO COLUMN 
ICHStJVEC INTERCHANGES A ROW AND A COLUt1N or AN UPPERTRIANGULAR ~IATRIX, WHICH· 15 STO 
lCHVEC I~11ERCHA~GES T~!O VECTORS GIVEN IN ARRAY AtL1Ul AND ARRAY A[SHIFT + L I SHIFT 
l~!PEX SOLVES AN AUTONOMOUS SYSTEM Of 1ST ORDER DIFFERENTIAL EQUATIONS C INITIAL YALU 
I:-, PL I C IT, , X PO r JENT I AL Li V FIT TEO 1 ST . 0 RD ER O ~JC• STEP t-4 ETH O O 1 AUTO MAT 1 C STEP,. SIZE CONT R 0 
l~PLICIT, !X~or~ENTIALLV FITTED 1ST ORDER ONE•STEP METHOD1THIS METHOD CAN BE USED TO 
IMPROVED ITERATIVELY AN UPPEnoOUND FOR THE ERROR IN THE SOLUTIO~ IS CALCULATED, 
IMPROVED ITERATIVELY AMO AN UPP(RDOUND FOR THE ERROR IN THE SOLUTION IS CALCULATED, 
!~~PROVED ITERATIVELY, 
l~PROVEO ITERATIVELY, 
IMP~OYES A~ APPROXIMATION OF A REAL SYMMETRIC EIGENSVSTEM AND CALCULATES ERROR BOUND 
I NC O t TA C O "1 P l I TE S T HE I NC OM P L E T E 6 E TA • r U t ~ C T I O ~, I C X , P , Q ) J O < e: X < = 1 , P ► 0 , Q > 0 • 
I ti C n 1,i GA•! CO~ 1 F' UTE S THE l t~ COMPLETE GAMM A FUNCTIONS 1 

• 

I ~, c o ~ 1 PL E T E B E T A "r u ~, c T I o N I c x ,. P , Q ) 1 o < = x < ,; 1 , P ,. o , Q > o • 
It~CO~PLETE 6ETA•FU~1CTI0t~ RATIOS I(X,P+N,Q) FOR Ng O (1) NMAX, 0 <, X c ■ 1, P) 01 Q 
INCO~PLETE SETA•FUNCTION RATIOS I(X,P,Q+N) FOR N c O (1) NMAX, 0 <~ X ~= 1, P > o, Q 
I f IC 0 ►~PL E T E GA ►1 MA r U ~ l C T l ON S , 
ItJDEF'ItJITE INTEGRAL. OF' A GIVEt.J CHE:BYSHEV SERIES 1 . 

IflFINITE SERIES WITH POSITIVE MONOTONICALLY DECREASING TERMS USING THE VAN WIJNGAARO 
If~ F l ~-1 IT E s ERIE s • 
I i l r l '·1 I T Y • •-1 0 R tt O F A C O L. U H N V E C T O R • 
I t ·J F I N l T V • ~4 0 RM O F A ~ A TR 1 X 1 . 

I iJ F I f·J l 'f V •~JO R t-t OF' A ROW VECTOR , 
I ~IF IN l TY• t.l ORM OF I A VE C TOR 1 

• 

ItiF~JRMCOL CALCULATES THE INFINITY•NORM OF A COLUMN VECTOR, 
ltiFNRrtMAT CALCULATES THE lNFINITV•NORM OF A MATRIX, 
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-

3U3bl 105 
ll.J3b5 105 
3U3b4 105 
34260 109 
34261 109 
542b2 109 
31072 2bq 
31075 2bq 

' 

31070 2bq 
l107l 2b9 
3lJoOS 267 
3ll608 267 
34007 267 
34b0b 2b1 
3ijb10 2b7 
34609 2b7 
35112 181 
35115 181 
35111 1 'l 1 
35114 181 
35113 181 
35110 181 
35051 187 
35050 187 
35052 167 
15051 187 
35052 187 
34031 tl 
34032 11 
lQ033 11 
34035 11 
340:S'l 11 
3/J030 11 
33135 2}i 
33131 1b5 
33132 221 
l425l 53 
34254 53 
34250 53 . 
3U251 Sl 
36!:01 301 
35050 187 
35030 187 
35050 187 
35051 187 
35052 187 
35030 187 
31248 205 
32020 131 
32010 131 
31063 21J1 
31004 2ij1 
31002 241 
310bl 241 
l10b:S 241 
31004 241 
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. · KWIC lrqOEX 
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. 

ROE R f· Ir· FE~ E ~,TI AL . E' ~ lJ AT l O ~JS C 
·. ~DER ~IFrcqEiJflAL El)l1ATIONS ( 

RD E" R · f' l F' r· Et? E •~ T 1 AL E O lJ A Tl O ~l 8 C 
ROER DIFF[REl~TIAL EQlJATIOr~s ( 
ROER C1IFFEREt~TIAL EQllATIO~JS C 
P D .E R ~ l r F t. R E ~ J T I A L E Qt I A T I O 1·J S ( 
RD E ~ r I F F E ~ E • l r I AL E Q tJ A T I Q N s ( 
RDER"nIFFEqf·1TIAL EnUATIONS ( 
ROFR ~JrFE~E~TI~l EQUATIONS ( 

· .. · 0 RD E R D I F f E RE f J T I A L E Q lJ A T I O N ( 
RDER ,trfE~E~TIAL EQUATIO~S ( 
ROER DlFfER,~TIAL EQUATIONS ( 
POER rIFFtqENTIAL EQUATIONS C 
0 RD ER D l ~ r· E R E ~ J T I A L E a U A T I O • J C 
RDfR Dlrr·E~E.;~Tl~,L EQUATIO~IS ( 
RD E R r, I r F" f_" Rt"} TI AL E Qt_! A TIO t,J S ( 

.· R v ER D t F ~EK f; ._, Tl i\ L E Q VAT 1 O ~J 8 C · 
ROE~ DifFtQE~TIAL EQUATIOMS r 
ROER DlFFERE~TIAL EQUATIONS ( 
ROER DtFFERE~TIAL EOllATI~NS C 

1 ti IM 4 TD 
It l 1 S V ~ID . 

I ~-1 I ''AT 
It•ttSVµROW 

INIVEC 

WHERt UIS A L-O~G NONt,EGATIVE 
. INTCAP DELIVERS THE 

· S r HE SUM OF LO" t G N O !J: IE G A T I V E 
IFFE~E\fCE OF L,O:JG NONtJEGATlVE 
f PR O C UC T D F Lt O :-1 G )JO :-~ t IE G A T I VE 

.· · REJJ,4 I r-,Oe;R OF l,.O~lG "IO"l~lEGA TI VE 
EI CALCULATES THE EXPONENTIAL 

INTEGR4L SI(X) AND THE COSI~E 
QAOR!,T CO~'PUTES T•1E DEFINITE 

· ·. f GP AL C AL C iJ L A TE S T ~ E D tr I ~; I Te: 
fRlCllB co~PUTES T~E CEfINlTE 

N TC ti 5 C O ).i P U ! E S T • t E 1 ~,DE r I ~ I T E 
Sl~JC,OSINT CALCULA·rcs T~1E S!~JE 
RESNEL CALCULATES THE FREStJEL 
TES A SEQUENCE OF EXPO~Ef4T1AL 

IC~ROriCOL 
IC ►tStQVEC 

lCHCOL 
lCHSEQ 
lCHROW 

2bl04/11 {ii 

• 

. 

l 11 F =-~ R t1 RO~, C A L C UL A T E S THE X NF' I N I TY •NOR H Of" A ROW VE C T OR , 
l t~ F ~ ! R ~ 1 V E C C A L C U L A T E S T ►~ E l P..t f I t J I T Y 1111 "'J O R i4 0 F A V E C T O R • 
INI SELtCTS A (SUB)SET OF INTEGERS OUT DF A GlVEN SET OF INTEGERSJ lT IS AN AUXILIAR 
It~ I ~1 AT l "' I TI AL. I Z E S A t1 AT RIX WI T •~ A CONSTANT 1 

1r1r:1ATD Ii·JITIALIZf.:S A (CO)DIAG'O~JAL OF A l~ATRIX. 
ltlISVMD ItJITIALIZE:S A CCO)DIAGOtiAL OF A SYM~1ETRIC t-tATRIX, WHOSE UPPERTRIANGLE IS STO 
l~•lSY}IRQ\41 !fJIT!ALIZES A ROW OF A SYMJ.iETRIC MATRI,t, ~HOSE UPPER·TRlANGL.E · IS STORED COL 
INITIAL 80~tJDARY•VALUE PROBLEM) BY ~EANS OF A STABILIZED RUNGE•KUTTA METHOD, IN PAR 
ItJIT!AL VALUE PROBLEM) SY ~IEA~JS OF A STABILIZED RUNGEwKUTT.A METHOD WITH LIMITED STO 
INITIAL YALU~ PROBLEM) BY ~1fANS OF A VARIABLE ORDER MULTIST!P METHOD ADAMS•MOULTON, 
INITIAL VALUE PRODLEH) BY ~1EANS OF· A VARIABLE ORDER TAYLOR ~ETHODJ THIS ~ETHOJ CAN 
IflITJAL VALUE PROBLEM) BY MEANS OF A isr, 2~'D OR 3RD ORDER ONE•STEP TAYLOR MEfHODr 
llilTIAL VALrUE PROBl.,E~i) BY ~1EANS OF A 1ST, 2ND OR 3RD ORDER, e.XPO~JENTIONAt.L.Y FITTED 
It{ I TI AL VAL U ~ PRO 6 ~ E ~, ) 8 V MEANS OF A l RO ORDER ~UL. T I STEP >-1 £THO O J T ti! S ME T ~i O O C A ~i BE 
INITIAL VALUE PROBLEM J BY MEANS OF A 3RD ORDER, EXPOrJENTIALLY FITTED, SEMiu!MPLICIT 
l ti I T t A L VA I,. U E P RO 6 L. E ~1 ) B Y ME A fJ S OF A 5 T H O RO E R RUN GE " K U T T A ~ 1 E T HOD 1 

ItlITIAL VALUE PROBLEM) BY MEANS OF A 5TH ORDER RU•JGE•KUTTA METHOD, 
ItllTlAL VALUE PROBLEM) BY ~EANS or A 5TH ORDER RUNGE•KUTTA ~ETHOD, 
tr~ITIAL VALUE PROBLEM) BY MEANS OF A 5TH ORDER RUNGE ■ KUTTA METHODS THE ARC LENGTH I 
INITIAL VALUE PROBLEM) BY MEANS OF A 5TH ORDER RUNGEPKUTTA ~ETMOPJ THE INfEGRATION 
ltJlTIAL VALUE PROB~EM) SY '1EANS OF A STH ORDER RUNGE•KUTTA METHODf THIS METHOD CA~ 
I~~ITtAL V,\LUE PROBLE.H ) av ~1EANS OF A 5TH ORDER RU"IGE•KUTTA HET~oo, THIS ~F.TMOD CAN 
lt·JITIAL VALUE PR08LE~) 8Y ~1fAr~s OF At~ EXPO~JEt·~TIALLY rITTED, 3RD ORDER RUNGE .. KUTTA M 
IflITIAL VALUE PROBLEM) BV MEANS OF AN IMPLICIT, EXPO~iENTIALLY F·ITTED 1ST ORDER O~E• 
llllTIAL VA~UE PROBLE ►4 ) BY MEANS OF AN IMPLICIT, EXPONENTIALLY FITTED 1ST ORDER O~E• 
trttTIAL VALUE PROBLEM) BY MEANS OF TltE I~PLlCIT MIDPOINT RULE WITH S~OOTHING AND ~x 
I~~IT?AL VALlJE PROBLEM )J BY EXTRAPOLATION, APPLIED TO LOW ORDER RESULTS, A HIGH OROE 
l~~ITIALJZES A CCD)DIAGO~AL OF A MATRIX 0 . 

11-lITIALIZE.S A CCD)DIAGO~IA~ OF A SYM~'ETRIC MATRIX, WHOSE UPPERTRIANG~e: IS STORED COLU 
It!ITIALIZES A MATRIX WITt~ A CONSTA~T, 
lNITIALJZES A ROW OF A SYMMETRIC MATRIX, WHOSE UPPERTRIANGLE IS STORED COLUMNWlSE IN 
INITIALllES A VECTOR WITH A CONSTANT, 
J~JIYCC It,IITIALIZES A VECTOR WITH A CONSTANT, 
It,TCAP DELIVERS THE I~~TEGER CAPAClTV • 
ItlTCHS COMPUTES THE INDEFINITE INTEGRAL OF A GIVEN CHEBYSHEY SERIES, 
INTEGER ANO POWER IS THE POSITIVE C SINGLE•LENGTH) EXPONENT, 
ltlTEGER CAPACITY, 
I t~T EGERS 1 

l~iT~GERS 1 

ItlTECERS 11 
I f ·I T E G E R S a 
I ~I TE GP. AL , 

-

lf4TEGRAL CALCULATES THE DEFINITE INTEGRAL OF A FUNCTION OF ONE VAR.IABLE OVER A ,tNiT 
lfJTF:GRAL Ct(X),, 
ItlllG~AL OF A FU~JCTION OF O~E VARIABLE OVER A FINITE INTERVAL, 
ll~TEC~AL OF A 'UNCTION OF ONE VARIABLE OVER A FlNITE OR INFINITE INTERVAL OR OVER A 
INTEGRAL OF A FUNCTIOtl OF TWO VARIABLES OVER A TRIANGULAR OOMAIN1 
t t~ T E G R A L O, A G I VE N C Ii E B Y SHE V SE R I E S 1 

I ~ l T E GR AL S I ( X ) A ~10 THE C OS I NE I tl TE GR AL C I ( X ) • 
INT~GRALS C(X) AND sex,. 

• 

• 

l~ITEG~ALS E(N,X) a THE INTEGRAL FROM 1 TO IN,INITY OF EXPC•X * T) T••N DT, 
1 t ~ T E"' C ~i A NG E S A ROW . AND A C O L U f 1 >.J OF A M A T R I X , 
INTERCHANGES A ROW AND A C0LUt1N OF AN UPPERTRJANGULAR MATRIX, WHICH IS STORED COLUMN 
It·ITERC~IANGES TWO COLUMNS OF A MATR·IX • 
lt4TERCHANGES TWO COLUMNS OF AN UPPERTRIANGULAR MATRIX, WHICH IS STORED COLU~NWISE IN 
INTERCHANGES TWO ROWS OF MATRJX 1 

• 
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!CHVEC 
WTON PO~VNO'!IAL THROUGH GIVfN 

• 

ARCCOSH COMPUTES THE 
ARCSlNrl CO~PUTES TrlE 
ARC T A~~H co~tPUTES T~E 

R I D l A G O '! J, L ~1 A T R I X B Y l ' E'. A tJ S O F 
A !ii') E l GE i'; VE: C TOPS 8 Y t ~EA,~ S OF 
A"JD EIGEN\'ECTORS BY ~<EA~lS OF 

HESSE~·iH~RG ,l1ATRIX. BV r,EA ►lS OF 
t1ESSE~JSEt?G ~ATRlX BY :tEANS OF 

CA~ClJLATES THE l•~OR 1t OF THE 
G 5 S I ~I \/ E: R 6 C A L C LJ L A TE S T ~IE 

INV CAl,CULA res TrfE 
r·~v1 CALCULATES THE 

tfc1~1v CALCULATES T~E 
C,, ,..l 1L'T::-C:. Tk'1J:' 1-!-'f"IR~ OF TUE ,... ll, \,, -1 I'"\ I 1..., \,I • I 1,... ..,. U , . · • I• 

. ~SSl~V CALCULATES Tr4E 
CrlLDECl~V2 CALC:JLATES THE 
C rl L D t C I ~~ y· l CAL CUL A TES THE 

C~~IiV2 CALCULATES TtiE 
Ct~~!~Vl C6LC0LATES TH~ 

. S Y I.I C E C I -~~ v 2 C A L C UL h T E S T ►it 
S \1 

t~ DE C I ~ V 1 C AL C ! J L AT£ S T i-,t E 
- 5 Y ~1 ! t.i V 1 CAL C lJ LA i E 5 THE 

SY:-~ I '1 Y 2 CA I.. CUL ATES THE 
LS~INV CALCULATES THE 

AL, HA T K I X B Y ~1 EA ~IS OF I t ~VERSE 
f4r,Qt:AL 1-1ATR!X BY ~•EA:;s Or QR 
IAGJNAL ~AT1IX JV MEA~JS OF QR 
E _(;VE C TORS 8 Y ~~ E 4 ~r S OF' I~ JV ER Sf 
t~-;VECTDi"1S 9V HEAflJS OF' I~~VERSE 
H ~1 t T ~ l C >-i A T R t X BY ME A N S OF QR 
l~ } I E T q l C '1 A T ~ I X ~ y I,{ E A ~J s O F Q R 
M ~t E T R I C M A T .~ I X 9 Y ~ E A ~, S OF QR 
E REAL, 8Y ~EA~S OF SI~GLE ~R 
R G !-1 A T q I ~ 6 Y .,,, E A r J S O F I t I V £ R S E 
E ~EAL,·sy '.1EA~S OF-SI~JGLE Q~ 

:•1 AT~ I X 3 Y Yi EANS OF O O V 8 LE GR 
RG ~~AT~lX 8Y :,1E:A~1S OF' I~JVERS! 
0 F A t ! 0 ~~ • S T A T I O ~I AR Y 2 t~ D ORO E R 
OF A NON•STATI·O·JARV 2rio ORDER 
RI r TllIS SJ~tJTIO~J IS l'1PROVED 
~JSJ THIS SOL.UTIO~,I IS IMPPOVEr> 
RB. T~IS SOLUTION IS l~PROVEO 

A•• 0 TH~ S ~ lit UT I Qt J IS l \4 PROVE 0 

CISSAE A~C WEIGHTS FOR GAUSS• 
L 1 t·J E A R E o u 4 r I o 1: s or vJ H t c H T HE 
LI>~ EAR E QUA TIO NS OF W tf t CH T rt E 

JAC08~1"1f CALCULATE:S THE 

• 

• 
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l}ITERCHANGES T~JO VECTORS GIVE}~ IN ARRAY A tl..sUl AND ARRAY A (SHIFT + l. I 5Hlf'T + UJ • 
IfJTt~F'C'LATION POI~JTS A~JD CORR[Sro,~ox~~-G rU~ICTtON VALUES, 
INV CALCULATES THE INVERSE OF A MATRIX THAT HAS BEEN TRIANGULAR~V DECOMPOSED BV DEC, 

• 

lt~VERS~ ER~OR FUNCTIOt~ CALCULATES THE INVERSE ERROR FUNCTION Y; INVERF(X)e 
INVEPSE HYPERBOLIC COSINE FOR A REAL ARGU~1E~4T X• 
INVE~SE HYPERBOLIC SINE FOR A REAL ARGUtiENT X• 
I~JVEPSE ~YPE~BO~IC TANGENT FOR A REAL ARGUMENT X, 
INVEPSE ITERATION, . 
I~VEPSE ITERATIOtJ, 
1:~VE~SE ITEQATION, 
I~JVERSE ITERATION, 
Il·JVEPSE ITERATION, 
Il~VERSE "'-A TRIX, 

• 

1 r JV ERSE OF A MA TR I X At~ D 1 •NOR f'1 , j N UPPER BOU?~ D f OR THE ERROR I N THE I NV ERSE MA TR IX I S 
l~IVERSE OF" A ~1ATRI X Tt1AT HAS BEEt~ TRIANGULARLY DECOf<1POSED BY DEC e 
I~:VEPSE OF A ~ATRIX THAT HAS BEEN TRIANGULARLY DECOMPOSED BY GSSELM OR GSSEqB 1 THE 1• 
It:VERSE OF A ~ATRIX WHOSE ORDER IS SMALL RELATIVE TO THE NUMBER OF BINARY DIGITS IN 
ItlVEr?SE OF' A ~A TRIX Wrl06E TRIAl~Gl.lL.ARL. Y DECO .. iPOSEO F'ORH IS DELIVERED BY GSSELM, 
INVERSE OF A MATRIX, 
IfJVERSE OF A POSITIVE OEFJ~ITE SYMMETRIC MATRIX BY CHOLESKY 1S SQUARE ROOT METHOOt TH 
ItJVERSE OF A POSITIVE DEFINITE SYMMETRIC MATRIX av CHOLESKY•S SQUARE ROOT METHOD, TH 
ItlVERSE or A POSITIVE DEFI~ITE SYMMETRIC MATRIX, IF THE MATRIX HAS BEEN DECOMPOSED a 
I~IVERSE OF A POSITIVE DEFINITE SYMMETRIC MATRIX, IF THE MATRIX HAS BEEN DECOMPOSED B 
IlJVEl"<SE or A SV~METRIC f1ATRIX BY A sv,~HETRlC D£CO~POSIT10N ( INITHOUT PIVOTl~JG ) J THE 
l~{VEQSE or A SV~METRIC MATRIX BY A SY~1METRIC DECOMPOSITION ( WITHOUT PIVOTING )J THE 
I~:VE~SE OF A SY~~ETRIC MATRIX, USING THE SY~METRIC DECOMPOSITION FORMED BY SYMOEC1 0 
INVERS~ OF A SYMMETRIC MATRIX, U&ING THE SYMMETRIC DECOMPOSlTION FORMED BY SYMDEC2 0 
INVERSE OF THE MATRIX s•s, WHERE s IS THE COEfFlClENT MATRIX OF A LINEAR LEAST SQUAR 
I~IV1 CALCULATES THE INVERSE OF A MATRIX THAT HAS BEEN TRIANGULARLY DECOMPOSED BY GSS 
lTtRATION 1 -

I T £ R A T ! 0 .,J , 
ITE1ATION, 
I T ~ 0. ~ T I O ~, • 
! T E' ~ A T ! 0 ~J • 
lTERATlOJ\l 1 

ITERATION• 
ITERATtOtJ 1 
ITEPt1TlO~, 
I TERA T I O ~J • 
!TE.RATION, 
ITE.KATtON 1 

1 r ER AT I a ~1. 

ITERATIVE ~ETHOD, 
I Te RA T I VE ~ET ti OD , W H I C H I S A ~I 
ITERATIVELY A~l UPPERBOUNO FOR 
ITERATIVELY AND A~ UPPERBOUNO 
ITERATIVfL,Y 1 

• 

• 

' 

ACCELERATION OF RICHARDSON'S METHOD, 
THE ERROR IN THE SOLUTION IS CALCULATED, 
FOR. THE ERROR IN THE SOLUTION IS CALCULATED, 

ITERATIVELY, _ 
ITISDL SOLVES A SYSTEM OF LINEAR EQUATIONS WHOSE MATRIX HAS BEEN TRIANGULARLY OECOM~ 
lTlSOLERB SOLVES A SYSTEH OF Llt·IEAR EQU,\TIO~JS ~HOSE MATRIX HAS TRIANGULARLY OECOMPOS 
lXPFIX IS AN AUXILIARV PROC£DURE FO~ THE CO~PUTATlON OF lNCOMPLETE BESSE~FUNCTION$ 0 

lXQrIX lS A~ AUXILIARY PROCEDURE FO~ THt COMPUTATION OF INCOMPLETE BESSELFUNCTIONSe 
JACOBI QUADRATURE,. · - - · 
JACOBIAN C BEING A BA~O MATRIX) JS GlYENe 
JAC081AN lS A BAND HATRJX, , 
JACOBlAN HlTRlX OF AN N•DIMENSIONAL FUNCTION OF M VARIABLES USING FORWARD DIFFERENCE 
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JACOBNNF CALtULATES THE 
. JAC08N8~DF CALCULATES TM! 

. . 

.., 

CISSAE AND WEIGHTS FOR GAUSS• 
CALCULATES TH! ~OOULUS OF TH£ 
. 4IANT D!L!V!RS THE 

· L8QORTOECSOL SOLVES A LINEAR 
LSQSOL SOLVES A LINEAR 

GES OF T~E HATRIX OF A LINEA~ 
··· OCFFltlENT M4TRIX OF A LINEAR 

t14RAUARDT CALCULATES THE 
GSSNEWTON CALCULATtS THE 

· · VES TriE HO~OOENEOUS SY STE~ OF 
GSSSOLERB SCLVES A SYSTEM OF 
OF THE ~ATRtX OF A SVST!M OF 

· OLVES A TRIDIAGONAL SYSTEM OF 
. OLVES A TRIDIAGONAL SVSTE~ OF 

·.·. HMETRlC lRJ~!AGOt,,AL SVSTE~ OF 
GSSITISOL SJLYCS l SYSTEM OF 
DEF l \JI TE SY\1~~ETf?IC SY STE~ OF 
D E f I ': I TE S Y M ~! E TR I C SY S TE M OF' 
D!CSOLB~D SOLVES A SYSTEM OF 
SOLVES A SYL•·•ET~IC SYSTEM OF 
SOLVES A SY 4 ~ETRIC SYSTE~ OF 
0 E F l : : ! T E' S Y •J. ~• E TR I C S Y S T E M O F 

C~LSJL1 SOLVES A SYSTf~t OF 
CHLS1L2 S1LVES A SYSTEM OF 
sv·,snL1 SOLVES A SYSTE~ OF 
S V. -1 ! S J Lr 2 S !1 t.. VE S A S Y S TE ~ 0 r 

VE S Tr~ E ~i O \4 0 GE ►4 E OU S S Y S T E M OF 
O~VES A TRlOtAGOijAL SYSTE~ OF 
OLVES A TRI,IAGONAl SVSTE~ OF 

. SOL S~LVES THE SYSTEM OF 
. SOL.Elt1 QCL.VES A SYSTf"i OF 

rirso~ SOLVES A SYSTEM OF 
ITISOLEq6 S~~VES A SYSTEM OF 

ij THE SOLUTION OF 4 SYSTE~ OF 
OECSOL SOLVES A SYSTE~1 OF 

R 1 C HA ~ 0 S O N SO L. VE $ A S Y S TE t4 0 F' 
Ll~INATION SOLVES A svsrr~ OF 

GSSSOL SO~VES 4 SYSTEM OF 
S A~l OVtRDE TERHI 1~Ef"I SY STE~ OF' 

A~J U':?£'.:?JETER 1-tlf;E:o SYSTE.M OF 
SlTlSOLE~B SOLVES A SYSTE~ OF· 
8 A "I t l V E q !:'.' E TE R t-.9 I ~JED SY S TE ~1 0 F 

A,., U ! i OE or, ET ERM If IE O SYSTEM OF 
SOL Q'-Iv SOL ve: S 1' SY$ TE~1 OF 

~METRIC TRIOIAGONAL SYSTEM OF 
LSJORTDEC50L sn~VES A 

LSDSOL SOLVES A 
TERCHA~GES or T}IE MATRIX OF A 
S THE CCEFPICIE~T ~ATRIX OF A 

. A PJSITIVE OEFltJITf! SY'-1t1ETRIC 
• 

2b/0ij/'f1 

JACOBIAN M4T~IX OF ~N NaDIMENS?ONA~ ,UNCTION OF N VARIABLES USING FORWARD OIF,ERENCE 
JACOBil~I MATRIX OF AN N•DIMENSIONAL FUijCTION OF N VARIAB~ES, IF THE· JACOBIA~ IS KNO~ 
JACOBNB~Jor CALCULATES THE JACOBIAN MATRIX OF AN N•DlMENSlONAL FUNCTION OF N VARIABLE 
JACOB~MF ClLCULATtS THE JACOBIA~I MAT~IX OF AN N•DIMENSIONAL FU~CTION OF~ VARIABLES 
J A C (JS~ l NF C ~LC UL A TE S T ti E J A C OB I A ~J MA TR I X OF A ~~ N "D l "1 E N S I ON AL FUN C T I ON OF N V A R I A B LES 
JfRAC CALCJLATES A TERMINATING CONTINUED FRACTION, 
LAGRANGE Q~ADRATUREe 
LARGEST E~EMENT Or A HATRIX ANO DELIVERS THE INDICES OF THE MAXIMAL ELEMENT, 
LARGEST Rf PRESENTABLE REAL NUf~BER • 
LCAST SQUARES PROBLEM BY HOUS£HOLDER TRIANGULARIZATION WITH COLUMN INTERCHANGES AND 
LEAST SQUARES PROBLEM IF THE COEFFICIENT MATRIX HAS BEEN DECOMPOSED BY LSQORTDEC, 
LEAST SOUARES PROBLEM• 
LEAST SQUARES PR06LEH, 
LEAST SQUARES SOLLITION OF A~ OV~RDETERMINCO SYSTEM OF NON•LINEAR EQUATIONS WlTH MARG 
LEAST SQUARES SOLUTION OF AN OVERDETERMINED SYSTEM OF NON•LINEAR EQUATIONS WITH THE 
LlNEAR EQUATIONS A* X a O ANO X• •A• O, W~tP.E "A" DENOTES A ~ATRIX ANO "Xn A VECT 
LlNEAR EQUATIONS AND CALCLJLATES A ROUGH UPPER60UND FOR THE RELATIVE ERROR IN THE CAL 
LINEAR EOUlTIONS ANO CALCULATES AN UPPERBOUNO FOR THE RELATIVE !RROR IN THE SOLUTlON 
LlNEAR EQUATIONS At~D PERFORMS THE TRIANGULAR DECOMPOSITION WITH PARTIAL PIYOTI~G, 
LINEAR EOlJATIONS ANO P!RFORHS THE TRIANGULAR DECOMPOSITION WITHOUT PIVOTtNG, 
LINEAR EOUATI0~1S AND PERFORMS THE TRIDIAGONA~ OECOMPOSlTION, 
LI t-. EAR E ~ tJ AT IONS A r4 D THE SO l-U TIO N l S IM? ROVED ITERATIVE L V , . 
LINEAR EQUATIONS BY CliOLESKY'S SQlJARE ROOT M[THODI THE COEFFICIENT MATRIX SHOU~D 6£ 
LINEAR EQUATIONS av CHOLESKYIS SQUARE ROOT METHOD, THE COfFFIClENT MATRIX SHOU~D BE 

. LI~EAR EOU4Tl0NS av GAUSSIA~ ELIMI~AT?Or, WlTH PARTtA-L PlVOTING IF THE COEFFICIENT MA 
Ll~EAR EGlJATIONS BY SYM~1-ETRIC DECOMPOSITION ( ~ITHOUT PIVOTING )f THE COEFFICIENT MA 
LI"' E. AR E r:1 LI• T t O tJ S B V Sy·~, ~1 ET R IC O t CO "1 PO SI T I ON ( W I l HOUT P I VO T ING ) J THE COE FF IC I ENT MA 
LI fJ EAR E Q ~J AT I O t-1 S 8 Y T t l E ~,ET ~IO D OF CONJUGATE GRAD I E ,\J TS • 
L I NE A R E Q u a T I O ~ I s I F T t IE C a E F F I C I t t~ T M A T R I X HA s BE E N D EC O 11 p Os E O By 
Llr•EAR EQUATIONS IP THE coErFICIEt,T MATRIX HAS BEEN DECOMPOSED av 
LINEAR EQUATIONS IF THf COEFFlCIEtlT MATRIX HAS BFEN DECOMPOSED av 
Llj~EAR EQUATio .. ,s IF' TtiE COEfFlClENT MATP.IX HAS BEEN DECOMPOSED BY 
LINEAR EOUlTIO~S OF EQUATtONS At X = 0 AND XI * A a O, W~tERE "A, 
LINCAR EOUIT!ONS THE TRIAtJGULAR DECOMPOSITION BE!NG GlVENt . 
LINEAR E0UATIOP 1S THE TRIA~IGULAR DECO~POSITION BEING GlYENt 

CHLOEC1 
CHLDEC2 
SYMOEC1 
SVMOEC2 
DENOTES 

LlNEAR [QUATIONS· WHOSE MATRIX HAS BEEN TRIANGULARLY DECOMPOSED BY DEC• 

OR CHLDECS 
OR C~LDECS 
OR SY><1DP.:CS 
OR SYMOECS -
A -MATRIX A 

LINEAR E~UATIONS WHOSE MATRIX HAS BEEN TRIAtJGULARLY OECO~POSEO BY GSSELM OR G55ERB, 
LZNEAR E0UAT?O~IS WHOSE MATRIX HAS BEEN TRIANGULARLY DECOMPOSED BY GSSELM OR GSSERBe 
LINEAR fQLJATIONS WHOSE t1ATRIX HAS TRIANGULARLY DECOMPOSED BY GSSNAJ1 THIS SOLUTION I 
LI~EAR EOUITIO~S WHOSE MATRIX IS TRIANGULARLY OECOMPOSED BV GSSELM 4 

Llt~EAR EQU4TIOt~S WHOSE ORDER IS SMALL RELATIVE TO T~IE NU~BER OF BINARY DIGITS IN THE 
LlNEAR EQUATIO~lS WJTH POSITIVE REAL EIGENVALUES ( ELLIPTIC BOUNDARY VALUE PROB~EM) 
LINEAR EDUlTIONS WITti POSITIVE R£AL·ElGENVALUES ( ELL1PTIC BOU~OARY VALU! PROB~EM) 
Ll~EAR EQU-TIONSa 
LINEAR tCUATIONS, 
LINEAR EQUATI0~1s 1 

LINEAR EDLJ.ATIONSI THIS SOLUTION IS IMPROVED ITERATIVELY ANO AN UPPERBOUNO FOR THE ER 
LINE:AR EGU~TIOtJS, MULTIPLYit~G TtiE RIGtiT•HANO SIDE BY THE PS!UOO•lNVERSE OF THE GIVEN 
LINEAR fQUATIONS, MULTIPLYING THE RIGHT•HANO SIDE BY THE PSEUDO•lNVERSE OF THE GIVEN 
LX~EAR £QU,TJON$, THE t4ATRJX BEING DECO~iPOSEO BY DECBN0 8 
L I ~~ E.A R f QUA T I O t~ S , THE TR I A NG UL AR OE CO ~1 PO S l T I ON Bf l t.J G G I VE ~~ • 
LINEAR LEAST SGUARES PROBLEM BY HOUSEHOLDER TRIANGULARIZATION WITH COLUMN INTERCHANG 
LINEAR LEAST SQUARES PROBLEM lF T~fE COEFFICIENT MATRIX HAS BEEN DECOMPOSED av LSQORT 
LI~EAR ~EAST SQUARES PROBLE~, . . . 
LINEAR ~EAST SQUARES PROBLEM, 
LINEAR SYSTEM AND PERFORMS THE TRIANGULAR DECOMPOSITION BY CHOLESKYIS METHOD, 

• 
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A POS!TlVE J;fI:~ITE sv~,:lETRlC 
FE 1~iE~ttSYft Si)LVES A 
F ~ ~' l,.. A G $ K E ~-I S O I. V E $ A 

r,t1LAGSY~1 SOLVES A 
FEML,AG SO~VES A 

• 

• 

GA~~ ~i .\ CAL.CUL. ATES r ri t >-J AT UR AL 
~1 Pt J TES 1,j • *PO ..J ER , ~:•~ER E U I S A 
\.; ~, G l ~J r A DO C O 'c4 P !J TES THE S lJ ~ 0 F' 
CT coi~p:JTES TriE OIF'FERE:lCE OF 
Tt!Ul.T COt~P·JTES THE PROr'iUCT OF 
HE QUOT l E:~ T \Ill I TH RE ?1A I ~-JDE R OF 

OUPHAT COPIES A 
0 ,~1 PR D PR t ~·i J L, T IPL I ES A COMPLEX 

· l~l~AT ?NITIALIZES A 
ULATES THE I~~FifJITY•N0~~1 OF A 
,r CALCULATES TrlE 1•NOqr1 OF A 

• 

• 

26/0IJ/77 

• 

LINEAR SYSTE~, THE TRIANGULAR DECOMPOSITION BtING GIVEN, 
LINEAR TWQ•POlhT BOU~OARY•VALLIE PPOEL~M FOR A FOURTH ORDER SELF•AOJOtNT DIFFERENTIAL 
LI~EAR T~JO•P □ trJT UOIJNDARY•VALl.JE PROBLEH FOR A SECOND ORDE~ DIFFERENTIAL EQUATION BY 
Ll~EA~ TWOwPOl~JT BOU!JDARY•VALlJE PROBLEM FOR A SaCOND ORDER SE~F•ADJOINT OIFFERENTlAL 
LINEAR T11 J•POIMT DOUNDARY•VALUE PROBLEM FOR A SECOND ORDER SELF•ADJOINT DIFFERENTlAL 
LlNE''I~I ~1I'lit1IZES A F'UfJCTlO~~ Of SEVERAL, VARIABLES IN A GIVEN DIRECTIOk.fe 
Lr I t•i I GE q 1 VS SO l. VE S A ~I A IJ TO }l O ~• 01_1 $ SYS TE' t·1 0 F 1 ST ORDER O IF FER ENT I Al. E QUA TI ON S ( I NI T I AL. 
LlfJlGER2 S?LVES AN AUTON0}10US SYSTf~ OF 1ST ORDER DIFFERENTIAL EQUATIONS ( INITIAL V 
L ~!Gt~ DO A DDS Two DOUBLE F'REC IS I O~J t~U~1BE RS 1 

LNGDIV DIVIDES TWO DOUBLE PRECISI04 NU~BERS, 
LfJGFUL•1ATVEC CALCULATES BY DOUBLE PRECISION ARITHMETIC THE PRODUCT At B, WHERE A ?S 
L ~!Gr UL SY 11 f 1 ATV EC C AL CUL ATES BY O O LIB LE PRE C l SI O t~ AR I TH MET l C THE PROD UC T A • B , WHERE A 
LflGflJLTA~1V!C CALCULATES BY DOUBLE PRECISION ARlTH~ETIC THE PRODUCT A' • 8, WHER! At 
Lt·IGitJTADD CO~i?LJTES THE SUi~ OF LO ►JG t-~o~~"JEGATIVE INTEGERS, 
Lt 1 G 11 J T !"t I V I 'C:: C O ~1 PUT t S THE Gl LJ OT I t ~J T I~ I T ti PE "1 A I r ~ 0 ER OF LO~; G NON NE G A T I VE I ~J TE GERS 1 

LNGI~!T~~:Jt.. T coi1PJT£S THe: PRODUCT OF L.O~~G NON~IEGATIVE INTEGERS. 
L t: G l t J T P O rl E -1 C O ~1 P lJ T E S U * • P Ow E R , W HER E U l S A L O t~ G NO N NE GA T I V E I ~ T E G ER A ND P OWE R 1 S TH 
Lt< G I "J TSU fJ T ~AC T C O t 1 PUT ES T ti E O l PF f RE~~ C E OF LONG NON NE GA T l VE I N TE GE RS , 
L.tlG 1IA T?~AT CALCllL,.ATES f~iE SCALAR PRODUCT OF A ROW OF A VECTOR AND A COLUMN VECTOR BY 
L ~{ G f '. A TT A ~1 C Al C U ~ A T E S THE SC A L A R ~ P. 0 DU C T O F' T w O ROW VE C TOR S a Y D OU BL E P RC: C I S I a ►J A R I T H 
LilGl~ATVEC CALCULATES THE SCALAR PRODUCT OF A VECTOR ANO A ROW VECTOR BY OOUBLE PRECI 
L t J G : ' U L, ~-1 U L. T l P L. I E S T rl O D O U B L. E F' R E C l S l O N ~~ U ~, B E R $ • 
L.t;GPO!tl co•~;)UTC:S TtiE DOUBLE PRE.CISIOt~ POi·IER Of A OOUBL.E PRECISION NUMBER. 
L!JGREATOOECI CD~VERTS A DOUBLE P~ECISIO~I ~JU~BER TO ITS DECIMAL REPRESENTATION, 
LNGRESVEC CALCU~ATES BY DOUBLE PRECISION ARITHMETIC THE RESIDUA~ VECTOR A* 8 + X • 
LNGStAPRD1 CALCJLATES TtiE SCALAR PRODUCT OF TWO VECTORS GIVEN IN ONE•OlMENSIONA~ ARR 
~!!GSEQVEC CALCULATES THE SCALAR PRODUCT OF TWO VECTORS GIVEN IN ONE•DIMENSIO~IA~ ARRA 
L. l~ GS U 6 S t.J 8 i ~ A C T S TWO DOU 8 LE PRE C I S I ON NU~ BE R $ • 
L r ! (, s V 11 ~ A T VE' C C A I. C: u L A T Es T ti E s C A L AR p RO O u C T a F A VE C T OR G I V E N I N A O NE • 0 I ME N s I O N AL A R 
Ll~GSYHRESVEC CALCULATES BY DOUBLE PRECISIO~J ARITHMETIC THE RESlOUAL VECTOR A• B + X 
L. ~JG T A '' '' A T C AL C U L A TE 5 THE S C A L. A R PROD UC T O F T WO C O L. U ~Ir~ VE C TOR S B Y D OU BL E P RE C I S I ON A R 
Ll~GTA~VEC CALCU~ATES THE SCALAR PRODUCT OF A VECTOR AND A COLUMN VECTOR BY ~DUBLE PR 
Lt!GVECYEC CALCLtLATES THE SCALAR PRODUCT OF TWO VECTORS BV DOUBLE LENTGM A~ITH~ETlC, 
LOG GA~••·tA CALClJLATS:S THE t~ATURAL L0GAR1TH~1 OF' T~iE GAM~1A FUNCTION FOR POSITIVE ARGUHE 
LOG AR IT ti t1 0 F THE GA "11·1 A FU t•J CT l ON r OR PO 5 IT IVE AR G lJ MEN TS 1 
L O ~i G ~, n • I ~,j E: 3 A T I V [ l t,I T E GE R A NO. PO rl ER I ! T HE P O S l T l VE ( S I NG L E •LE N GT H ) EX P O NE N T , 
LO~G NO~t~~EGA TI VE ! ~JTEGERS 1 
LO ~JG "IO r J '~Er; AT IVE INTEGERS 1 
LO ~..JG ~ 0 •~~:ES AT IVE INT EGE RS • 
L O t~ G i.J n :•I t; E G A T l V E I N T E GE R 5 • 
LSDDGLifJV CALCULATES THE DIAGONAL ELEHE~TS OF THE INVERSE OF M1 M, WHERE MIS THE COE 
L SQ l 1· IV C A L C UL A T E S T ~IE I N VE: R SE Or TH e: MA T R I X S t S , W HE R E S l S THE C OE FF I C I E N T M A T R I X O 
LSQORTDEC DELIVERS THE ~tOUSEHO~OER TRIA~lGULARIZATION WITH COLUMN INTERCHANGES OF THE 
LSQORTOECSJL SOLVES A LINEAR LEAST SQU4RES PROBLEM BY HOUSEHOLDER TRIANGULARIZATION 
LSGSQL SOLVES A LINEAR LEAST SQUARES PRDgLEM IF THE COEFFICIENT MATRIX HAS BEE~ DECO 
~UPZERORTP1~ CALCULATES A NUMBER OF AOJACENi UPPER OR LOWER ZEROS OF AN ORTHOGONA~ P 
MARn 1JA~~T CALCULATES THE LEAST SQUARES SOLUTION OF AN OVERDETERMINED SYSTEM OF NON•L 
MA T t1 A T ; ~ SC AL A R PROD UC T OF A ROW VE C TOR A ND A C O L. UM N VE C TOR 1 

MATRIX INTO A~OTHER ~ATRIX, . . 
MATRIX ~IIT~ A COMPLEX HOUSEHOLDER MATRIX~ 
MATRIX WIT~ A CONSTANT. 
~ATRIX, . 
~ATRtX, . 
MATTA~1 a; SCALAR PRODUCT OF A ROW VECTOR ANO A ROW VECTOR, 
MATVEC 1• SCALAR PRODUCT OF A ROW VECTOR ANO A VECTOR, 
MAXELMROW 400$ A CONSTANT TlMES A AOW VECTOR TO A ROW VECTOR, MAXELMROW11THE SUBSCRI 
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· A ROW VECTOR TO A ROW VECTOR, 

• 

if 

• 

•11~.JlN 
i1 I fl I rJ DE R 

LI r! Ev. IN 
R ~4 K 1 ~41 t~ 

fL.fi..tIN 
PRAXIS 

_ 3ESS 11 CALCULATES THE 
NONE~P 3ESS 11 CALCULATES T~E 

BESS 10 C4LClllATES THE 
· · NONEXP BESS IO CALCULATCS THE 

. BS-.: S S I A P I. v S ~l C A L. C UL A T t S THE 
· P. BESS IAPLvS:·J tALCULA TC$ THE 

BESS I CALCULATES THE 
tfo~:EXP 9i:SS I CAL,CULA TES T~•E 

NEXP HESS (A01 CAlCULATES THE 
. FESS <.&.01 CALCL1LATES THE 

p BE s s KA. P, l. us 1
'C CAL Cul AT ts THE 

a E s s K A P L. J s '~ c A L c LIL A r E. s T HE 
9ESS K CALCULATtS THE 

• 

NONEXP BESS K CALCULATES TH! 
ONEXP BESS ~01 CALCULATES THE 

BESS ~01 CAL.CLJLATC:S THE 
TRIX COLUM~S ACCOROING TO TME 
p SPHER erss I CALCULATES THE 

SPHER BESS I CALCULATES THE 
P $P 1~ER SES S K C .A LC ULA TES THE 

SPHER 8ESS K CALCULATES THE 

COMABS CALCULATES THE 

• 
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MAXEL'1ROW::THE SUBSCRIPT OF AN ELEMENT OF THE NEW ROW VECTOR WHICH IS OF MAXIMUM ABS 
MO A S t DE L I \/ E R S T }~ E l:3 AS E OF T fi E A ~ I T H ~ C T I C OF T HE C OM PU T OR 1 

MERGESORT OELIVERS A PERNUTATlOt~ OF It{DJCES CORRESPONDING TO SORTING THE ELEMENTS OF 
).I IN I'' I Z ES A r U ~-• C T l O ~J OF ONE VAR I AB l. E I N A GI VE: N I~; T £RV AL • 
l~lNit'IZES ~ FUNCTION OF O~IE VARIABLE l-~J A GIVEN INTERVAL, USING VALUES OF THE FUNCTI 
MXNIHIZtS 4 FUNCTION OF SEVERAL VARIABLES IN A GIVEN DIRECT!O~. 
~t 1 N l '·f I Z ~ S A F U ~J C T I O ~~ 0 r S ~ VE RA L V A R i A Bl,. E S , 
MlNI 11IZES 4 FUNCTION OF Sf:\IERAL. VARIABL.ESe 
M l r~ l t 4 I Z ES 4 F U ~1 C T l ON OF S E V E RA L VA R I A B L E S 1 
MIN!N MifJI~IZES A FUNCTIO•~ OF ONE VARIABLE IN A GIVEN INTERVAL, 

• 

MtNINOER MINIMIZES A FUNCTION OF ONE VARIABLE IN A GIVEN INTERVAL, USING VALUES OFT 
~INMAXPOL CALCU~ATES THE COEFFICIENTS Or THE POLYNOMIAL THAT APPROXIMATES A FUNCTION 
MOD l t I E O 8 E S ~ E L F lf NC: T I O ~-J OF T ~ l E 1 S T K_ I N D OF ORD E R O ~J E 1 

"OOIFIEO BESSEL fUNCTIOt~ OF TtiE 1ST KIND OF ORDEq OtJEJ THE RESULT IS MULTIPLIED BYE 
MOO I F l ED B E S S EL F U ~, C T l O t· l O f t HE 1 S T K l ~~ D OF' ORD E R Z E R O • 
MOD I F' I ED BE SSE L FU ~JC T l O ~, 0 F T 11 E i ST K I ~, D Or ORO E ~ ZERO ; THE RE SUL. T l S MU L T I PL I ED B V 
~OOIFIED BESSEL FUNCTJONS OF THE 1ST KIND OF ORDER AtN, N:0,,, 1 ,NMAX, A>=O AND ARGU 
MOOirIED BESSEL FUNCTlOtJS OF THE 1ST KIND OF ORDER A+N, N:o,,,,,NMAX, A>=O AND ARGU 
HO D I F I ED 8 ES S £ L F lJ ~J C T I O r J 5 0 F T HE 1 S T K I tJ D O F OR DE R L C L ;= 0 , , • • , ~ ) • 
MODIFIED B:SSEL FtJt~cTIOt~S OF T~fE 1ST Klt"D OF ORDER L ( L • o,,,.,N )J THE RESU~T 1S 
MOoJrIED BESSEL FUNCTIO~JS OF THE 3RD KJNO OF ORDER A AND A+t, A ► •O ANO ARGUMENT x, X 
MODIFIED BESSEL FUNCTIONS OF THE 3RD KI,JO OF ORDER A AND A+l, A>=O, A~D ARGU~ENT X, 
MODIFlEO BESSEL FUNCTIONS OF THE 3RD Kt ►lD OF ORDER A+N, N:0 1 ,,,,NMAX, A>:O AND ARGU 
MOOirIED BESSEL FUNtTIO~S OF THE 3RD Kir:o OF ORDER A+N, N=o, •• ,,NMAX, A>=O, ANO ARG 
MODIFIED BESSEL FU~CTIONS OF THC 3RO KlND OF O~OER L CL, o,,,.,N) W!TH ARGU~ENT X 
MODIFIED 8ESeEL FUNCTIONS OF THE 3RD KIND OF ORO!R L ( L • o,,,,,N > WlTH ARGU~ENT X 
MODIFIED BESSEL FUNCTIONS OF THE 3RD KIND OF ORDER ZERO ANO ONE WITH ARGUMENT X, X>O 
MODIFIED BESSEL FUPJCTIONS OF THE 3RD KIND OF ORDERS ZfRO AND QijE WITH ARGU~fNT X, X 
HODirlED G~AM•S~IDT METHOD 0 
HODIFIED S?~ERltAL BESSCL FUNCTIOr~S OF THE 1ST KIND MULTIPIEO 8Y EXP(eX)t ttK+,Sl CX) 
MODirlED S"tiERICAL BESSEL FUNCTlOtlS or THE 1ST KIND: I(K+,5] (Xl•SORT(PI C2•X)), KtiO, 
MODIFIED SPHERICAL BESSEL FUNCTJOr~S OF THE 3RD KIND MlJLTIPLI!O BY EXPCtX)a K_tI+,SJ (X 
MOOIFIEO SPHERICAL BESSEL rUNCTlONS OF THE lRO KlNOg K[l+,SJ (X)•SQRT(Pl ca•X)), z;o, 
MODI,IED T4YLOR SOLVES A SYSTlH OF 1ST ORDER DIFFERENTIAL EQUATIONS ( INITIAL VALUE 
HOOI.JLUS Or A COi.tPLEX ~lUt1f3ER, . 
MlJLC~L sroqES A C04STANT ~1ULTlPLIEO BY A COLUMN VECTOR INTO A COLUMN VECTOR, 
MUlRO~ STO~ES A CONSTAf~T t1ULTlPLIED BY A ROW VECTOR INTO A ROW VECTOR 4 

HULCO~ $TOR-ES A COt:STA~1T MU~TlPLlED BY A CO~UMN VECTOR INTO A COLUMN VECTOR, 
l'iULRO~ STORES A co~·IST A,~T MUL. TIPL.lED BY A ROW VECTOR INTO A ROW VECTOR, 
HULVEC STORES A COflSTANT MULTIPLIED av A VECTOR I~TO A VECTOR. 

COLCST MULT!PL1rs A COLUMN VECTOR av A CONSTANT, 
COHtnLCST ~ULT!PLIES A CO~PLEX C0LU~1~ VECTOR BY A COMP~EX NUMBER, 
COt4ROWCST MULTIPLICS A CO~PLEX ROW VECTOR BY A COMPLEX NUMBER. 

ROWCST ~ULTtPLIES A RO~ VECTOR BY A co~JSTANT, 
LNG~UL MULTIPLlES TWO on!JBLE PRECISION NUMBERS. 

DP~UL MULTIPLIES TWO SI~1GLE PRECISION NUMBERS TO A DOUBLE PRECISION PROOUCT 8 
LEM l SY MEANS OF A 3RD ORDER MU~TtSTEP METHOOJ THIS METHOD CAN BE USED TO SOLVE STIFF SYSTE~S, 

. MULTlSTEP SOLVES A SYSTEM OF 1ST OROE~ DIFFERENTIAL EQUATIONS C INITIAL YALU! PROBLE 
' 

LOG GAM~A CALCULATES THE 
OF THE 2ND KIND ( ALSO CALLED 

NSF~R~1s A POLYNOMIAL FR0f4 THE 
QUANEWa~o SO~VES A SYSTEM OF 

QUA\~EW8;'J01 SOLVES A SYSTEM OF 

MULVEC STORES A CONSTANT MULTIPLIED av A VECTOR INTO A VECTOR, ' 

NATU~AL LOGARITH~ Or THE GAMMA rUNCTION FOR POSITIVE ARGU~ENTS, 
NEU~A~l~'S FUNCTIO~S) OF ORDER A AND A+l ( A>:O) AND ARGUMENT X>0 8 
NEWGRN TRA~SFOR~S A POLYNOMIAL FRO~ THE NEWTOtJ FORM INTO THE GRU~ERT ,oRM 0 
NEWTON CALCULATES THE COEFFICIENTS OF THE NEWTON POLYNOMIAL THROUGH GlVEN INTERPOLAT 
NEWTON FOR~ INTO THE GRUNERT FORH •. 
NON•LINEAR EQUATIONS OF WHICH THE JACOBIAN C BEING A BAND MATRIX l IS GIVEN, 
NON•LlNtAR EQUATIONS OF WHICH THE JACOBIAN IS A BAND HATRlX 1 . 
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3'l025 q 
30001 275 
36405 2Q7 
34l.13:S 235 
3u4-35 237 
:sa210 13q 
34214 19 
3lJ215 1 q 
34432 2i9 
31.1433 235 
3tJ4lS 237 
36022 1q7 
15171 255 
3517b 255 
35170 255 
35175 255 
35190 251 
351ql 251 
35172 255 
35177 255 
351qlJ 2~1 
35191 251 
35195 251 
35192 251 
!':,;t74 255 
35179 255 

. . 

35178 255 
35173 255 
3b402 aq9 
l515lJ 247 
35152 247 
3515S 247 
35153 acs1 
330~0 1b7 
34340 l5 
.31022 '.S 
31021 S 
31022 5 
31021 S 
31020 5 
31131 · 5 
34352 21 
34351 21 
31132 5 
31107 271 
31103 271 
33191 22l 
31080 151 
3t020 S 
35062 187 
35181 2uq 
310~0 43 
36010 1q5 
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34430 211 
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FA~ OVEQOETERMINED SYSTe~ OF 
FAN OVEqDETE~MINEO SYSTE~ OF 

RMCOL CALCULlTES THE !~r?NtTV• 
0 ~~ E '1 R ')CO 1.,, CALCULATES T ii E 1 • 

cr1R1.l CAL.Cl.11..!\TES T}iE EUCLIDEAN 
R ~•~AT CAL CJ L.. ~TES T •1 E I\~ F I}: I TV• 

0 J IE j l R ._, ,1 A T C A LC :J L A T E S r H E 1 • 
R .\~ R Q .4 CAL CJ L. AT£: S T ~i E IN t l ;,~ I TV• 

0NE~~4RO~ CALCJLATES T~E l• 
R~1VEC CALCUL.ATtS T•iE I\JtJNITY• 

O~E"~R~YEC CALCULATES THE 1• 
POSIT!O;l A"J:> CAI.CULATES THE 1• 

0 > l E ~, ~ 1 t l \JV CAL. C 1JL AT t S THE 1 • 
THE l t,; VER$ E OF A HA TR IX A !-JO 1 • 
ROERPOL EVALUATES THE FIRST K 

C0~1SCL 
SCLCOt-1 
REASCL 

6 E S 5 J 1 C 4 LC LJ L A TE S T rf E 
erss JO CAlCULATES T~E 

Af5S J CALCULATCS THE 
BESSY CALCULATES TH! 

BESS Y01 CALCULATES THE 

OL CALCULATES A~L ZEROS OF AN 
r~T JPPEr{ 0~ L,OiER ZEROS OF' A"I 
U '~ 3 ER j F A :) J AC E i..J T Z E P. 0 S .0 F AN 
ATES T~E VAL~E OF AN ~•DEG~EE 
0~ EVA~JATES THE VALUE OF ALL 

A FINITE SEqIES EXPRESSED IN 

ORT~OG 
S DECO~?OSITIO~ AND SOLVES AN 

SJLSVDOV~ SOLVES AN 
L!AST SOUARES SOLUTtON OF AN 
LEAST SQUARES SOLUTION or AN 

PE IO! ESTIMATES UtJKNOWN 
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NQN•LINEAR fQUATIO~JS WITH MARQUARDT'S ~ET~i00 8 

NON•LINEAR EOUATIONS WITt~ THE GAUSS•NEWTON ~ETH00 1 
NONEXP 8tSS I CALCULATES THE MODIFIED BESSEL FUNCTIONS OF THE 1ST K!NO OF ORDER L C 
NONEXP BESS IAPLUSN CALCU~ATES THE ttODifltD BESSEL FUNCTIONS OF THE 1ST KIND OF ORCE 
NONEXr BESS IO CALCULATES THE r1001FIED BESSEL FUNCTION OF THE 1ST KIND OF ORDtR ZERO 
NONCXP SESS Il CALCULATES THE HODIFIED BESSEL FUNCTION OF THE 1ST KIND. OF ORDER 0'4EJ 
NONfXP BESS K CALCULATE$ THE l10DlFIED BESSEL FUNCTIONS OF THE 3RD KIND OF ORDER L C 
NONEXP BESS ~APLUS~ CALCULATES THE ~!ODifIED BESSEL FUNCTIONS OF THE 3RO KIND OF OROE 
NONEXP BESS KA01 CALCU~ATES THE MODIFIED BESSEL FU~CTIONS OF THE 3RD KIND Or ORDER A 
NO~JE~P BESS ~01 CALCULATES TH£ t10DIFIED BESSEL FUNCTIO~S OF THE lRD KIND OF ORDER ZE 
NONEXP ENX CO~PUTES A SEQUENCE OF INTEGRALS EXP(X) * ECN,X), 
hO~EtP SPHER BESS I CALCULAT£S THE HOOifIED SP~ERICAL BESSEL r~NCTIONS OF THE 1ST KI 
NONEXP SPHER BESS K CALCULATES THE ~•ooifIED SPHERICAL BESSEL FUNCTIONS o, THl 3RD Kt 
N O t-, E X P F RP C C O :·1 P U T E S E RF C · ( X ) . * E X P C X * X ) a 
NORDERPOL EVALUATES THE FIRST K NORMALIZED DERIVATIVES OF A POLYNO~IAL ( l 1 E, J•TH 0 
NOR~ OF A COLUMN VECTOR, . 
NOR ~1 OF A e OL U~iN VECTOR• 
NQR)1 OF A COMPLEX ~1A TRIX WITH LH LOWER CODIAGONAL.5 1 
NORM Or A ~ATRlX, 
f•i O R ~1 0 F A ~ A T R I X • 
NQR:1 OF A ROW VECTOR 1 
NORµ OF A ~ow VECTOR, 
NORM OF A VECTOR, 
NORM OF A VECTO~, 
NOR ~ 1 0 F T H E l ~~ V ER SE H A T R I X • 
NOR~ OF TH! INVERSE OF A MATRIX WHOSE TRIANGULARLY DECOMPOSED FORM IS DE~IYEREO BY G 
"'0 R !>1 1 A ti U ? f' E RB O U t; 0 F O R T tf e: ERROR I N T H E: I tJ VE R 5 E t-1 A T R I X I S A LS O G I V E N • 
NQR•~ALIZEO OERIVATIVES OF A POLYNOMIAL C l,E 1 J•TH DERIVATIVE CJ FACTORIAL) >, J=0,1 
NO R ~ 1 A L ! Z E S RE A L A ~ ~ 0 C C M PL E X E I GE t~ V EC T OR S • 
NOR ~1 A~! Z ES T ~1 E COL. U t1 t·J S OF A CO t~ PL EX t-1 A TR I X 6 
NOR~•ALIZES THE COLU~1NS OF A TriO•OIMENSIONAL ARRAY, 

• 0 ~: E ~~ R t1 COL C AL CUL. ATES T Ii E 1 • ~l ORM OF A COL U ti~~~ Vt C TOR • 
0 fl E t I i:, '-1 I i JV C A LC U l., A TES THE 1 • ~ 0 R ~t OF THE I NV ERSE OF A MAT R I X WHOSE TR I ANG UL AR L V DEC OM P 
0 ~J E t t R ~1 t-1 A T C A L C l IL A T E S T ~~ E 1 • ~~ORM OF' A ~1 A T R I X , 
or1El·1°~Row CALCU~,\TES THE 1•NORM or A ROW VECTOR. 
0 f·: E ~IR ~1 VE C CAL C lJ LATE S TH~ 1 • t~ 0 RM OF A VECTOR 1 
OROI•JARY OESSEL FU"-JCTION OF THE 1ST KIND OF O~DER ONE, 
0 RD I •~1 A R Y B E S S E L. F" UN C T I O N OF T It E 1 S T K I ND Or OR D ER Z E R O • 
ORDJtJARY BESSEL FUNCTIONS OF THE tST KI~lD OF ORDER L CL; 0, 1 ,.,N ) 1 
ORDlNARY BESSEL FU~CTIO~JS OF THE 2ND Kit~D OF ORDER L ( L; o,,,,,N) WlTH ARGUMENT X 
ORDI!~ARV BESSEL fUNCTION$ OF THE 2ND KIND ORDER ZERO ANO O~E WITH ARGUMENT X1 X > o, 
ORTtiOG OTHOG"~A~IZES so~,E ADJACENT MATRIX COLUMNS ACCORDING TO THE MODIFIED GRAM•SMl 
ORTHOGO:IAL poi.,v-10~,IAL. 
0 R T t ~ 0 G O : 1 A L P O L, V 'J O ,1 I A L , 
0 R T ti IJ G n NA L P O ~ V 'IO ~ \ I AL , 

• 

•• 

• 

0 f:l Tl l O GO tJ A I. ~ 0 ~ V \JO '1 I AL , G I VEN 8 Y A SET OF RE C UP.REN C E COE F' F I C 1 E ~J T S 11 

ORTHOGO~lAL POLYNnMJALS UP TO A GIVEN OEGREE, GIVEN A SET OF RECURRENCE COEFFICIENTS, 
ORTr~OG0:4AL POI.VNOi1lAL.S, GIVEN BY A Sf!T OF RECURRE~~CE COEPF'lC!ENTS, 
ORTPOL EVALUATES THE VALUE OF AN N•D!GREE ORTHOGONAL POLYNOMIAL, GIVEN BY A SET OF R 
OTHOGONALIZES SO~E AOJACENT ~ATRIX COLUMNS ACCORDING TO THE MODIFIED GRAM•S~IOT METH 
OVEROETCq~IN~D SYSTEM OF LINEAR EQUATIONS, . 
OVEROETE~~INED SYSTEM OF LINEAR fQUATI0 1✓ S,· HULTlPLVING THE RIGHT•HA~D SIDE BY THE PS 
OVEAOETCRMlNED SYSTEt1 OF ~JON•LitJEAR EQUATIO~S WITH MAR·QUARDT•S METHODe 
0 VE~ 0 ET E ~ '1 I NED S VS TE "4 0 F tl 0-~~ • I,, l NEAR E QUA T l O ~JS WI TH THE GAUSS• NE w TON METH O O 1 
OVERFLOW TESTS WHETHER A VA~UE lS AN OVERFLOW VALUE, 
PARAMtTERS IN A SYSTEM OF 1ST ORDER DIFFERENTIAL EQUATIONSJ THE UNKNOWN VARIABLES MA 
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lQ~40 219 
3qq41 219 
35171 255 
35193 2S1 
35175 255 
35176 255 
35179 255 
ls1qs 2s1 
351q4 251 
35178 255 
35087 183 
3515 4 2 IJ·7 
35155 21.47 
35022 22.7 
312~2 2'45 
310bS ~tJ1 
310b7 241 
34359 31 
310bU 241 
31068 2lJ1 
31062 2tJ1 
l10bb 2'41 
310b1 2U1 
l10o5 241 
3~2S2 tJ5 
3Ll2tJO 45 
1q244 '51 
31242 2Ll5 
3tJ193 29 
31J360 29 
3U18:5 17 
11067 21.11 
34240 q5 
l10b8 i41 
310bb 241 
310&5 2411 
3S161 253 
35160 2'33 
35162 253 
351b4 2Sl 
351b3 253 
36!J02 2qq 
31362 211 
31363 211 
31364 ill 
310"4 2Q3 
310LJS zq3 
~ 101.17 293 
310«4 Z9l 
!b402 zqq 
3"281 67 
34280 07 
3lJ4UO 219 
'34441 21'1 
30008 Z75 
34444 zsq 
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lo.' >! I·· ,,. . ·I \ l ,., r; \J ,, . • - --1# ... ·" J w A 

OSIT!ON WITH A COMBINATION OF 
·. WO•OIJtE\lSl0.\4AL TI 1➔ E•OEPE~JOENT 

TRIANGULAR OECOt1POSlTION W?TH 
' 8 A KC O ~, ti E S · 

MERGESORT DELIVERS A 
·. N VECTOR ACCORDING TO A GIVEN 
· A MATRIX ACCORDING TO A GIVEN 

RO~PERM 
VECPER~ 

. . . 

SlAN ELIMINATION WITH PA~T?AL 
AR OECO~POSITION WITH PARTIAL 
AT 10 N OF PARTIAL AND CO ~1 PL.ET E 

ATES UFA CO~PLEX NU4BE~ INTO 
K NORHALIZEO DERIVATIVES o, A 

'-' E 'i ~ R ~,J T R A ~ J SF OR t-1 S A 
LATES THE COEFFICIE~ITS OF THE 
Hf COEFFlClEijTS OF THE :~EWTON 
~OS Cl,L.Ct~L.A re:s ALL ZEROS o, A 
ES ALL ZEROS OF AN O~THOGO~AL 

.· LOIE~ ZEROS OF AN OPTHOGONAL 
. J AC E ~4 T Z E ;.{ 0 S OF A~ J C ~ T ~ 0 GD \l AL 

CHEPOL EVALUATES A CttEDYSHEV 
POL EVALUATE'S A· 

THE FIRST K DERIVATIVES OF A 
LUE OF A~ N•DEGREE O~THOGO~AL 
HEPOL EVALUATES ALL· CrlE8YSH£V 
S TME VALJE OF ALL OPTH0GO~AL 
ERIES EXPRESSED ItJ ORTMOGO~AL 

E CrlOLESKY OECO'IPOSITION OF A 
LC UL A T E S TH E DE T E R \i I t·I A r.1 T OF A 

CtiLOECSOLa ►,o SOLVES A 
C~LSOLBND SOLVES A 

·2 C AL C UL A T E S T Ii e; I I JV E 2 S E O F A 
1 CALCULATES THE lijVERSC OF A 
E C!-if1LESKY ~ECO"if'OSlTIO~! OF 4 
E CHOLESKY ~ECO~POSITIOti OF A 
1 ClLCULATES T~fE l~VERSE OF A 
2 CALCUL.ATES THE ItJVERSC Of:' A 
LC UL ATE$ T i'f ~ DE TE R 1~ 1 ~IAN T OF A 
L4TE:S OF TbfE vETER 11 I~lANT OF A 

C~L,ECSOL2 SOLVES A. 
CliLOECSOLl SOLVES A 
co:lJ GRAD SClL\/ES A 

t1S~i\'ECTAtt 
HS•iCOL TA.._, 
~ S >1 R O t~ TA M 

PSTTF~:1AT CALCULATES THE 
L FOR~, BY PREMUL TtPLYii·JG !\~-JD 
COHPUTES THE OOUOLE PRECISION 
COMPUTES T~E DOUSLE PRECISION 

E OELIVfRS A FU~L 

2.b/04/17 
• 

• 

PARTIAL A~O COM~LETE PIVOTING, 
PARTIAL OlFFE~E~TIAL EQUATIONS, 
PARTIAL PlVOTlNG 1 

PEI~E ESTI~ATES U~KNOW~ PARAMETERS IN A SYSTEM OF 1ST ORDER DIFFERENTIAL !QUATIONS1 
PERFOR~S THE SACK TRANSFORMATIO~~ CORRESPO~JDI~G TO HSHCOMHES, 
PER'tlJTAT!O~ OF I~JDICES CORRESPOtJDING TO SORTING TH! ELEMENTS OF A GIVEN VECTOR INTO 
PER•1UTATIO~ OF INDICES, 
PER~1UTATIO~ or INDICES. 
PtR~UTES THE ELEt1ENTS or A GIVEN ROW OF A MATRIX.ACCORDING TO A GIVEN PERMUTATION o, 
PERMUTES THE ELEMENTS OF A GIVEN VECTOR ACCORDING TO A GIVEN PERMUTATION OF INDICES, 
Pl OELIVE~S A FULL PREClSlON APPROXl~ATtON TO Pl• l 1 1Q 1 ,. 

PIVOTING tF THE COEFFICIENT ~ATRIX IS lN GANO FORM ANO IS STOR£0 ROWWISE lN A ONE•OI 
PIVOTING. 
PlV!JTING, 
POL EVALUATES A POLYNOMIAL 1 
POLAR COORDINATES, 
POLYNOMIAL C I.E. JwTH DERIVATIVE CJ FACTORtA~) ), Jao,1, 101 ,K c1 DEGREE 1 , 

POLYNOMIAL FROM THE NEWTON FORM INTO THE GRUNERT FORM, 
POLYNOMIAL THAT APPROXIMATES A FUNCTION, GtVEH FOR DISCRETE ARGUMENTS, SUCH THAT THE 
POLYN0>4!AL THROU~H GIVEN tNTERPOLATlON POlNTS AND CORRESPONDING FUNCTION VALUES, 
POLVfJOMIAL WITH REAL COEFFICIENTS, 
P O L Y ~, 0 t1 I A L • . 
p O l. y NO t1 ! A L .• 
P O L V ~JO ~11 A L • 
POLY tJ O f'-i I AL• 
POLY~JO~tAL. 
POlYN~MIAL, 
POL. Y~JQMIAL, GIVEN BY A SET OF RECURRENCE COEFFICIENTS, 
POLYNOMIALS LIP TO A CERTAIN DEGREE, 
POL YtJ0~1lALS l1P TO A GIVEtJ DEGREE, GIVEN A SET OF RECURRENCE COEFFICIENTS 6 
POL~NO~IALS, GIVEN av A SET OF RECURRENCE COEFFICIENTS, 
POLZEqos CALCUL4TES ALL ZEROS OF A POLYNOMIAL WITH REAL COEFFICIENTS, 
PO S I T 1 VE De F" I ~l I TE S V M ~! E·T R I C 8 AND ~1 A TR I X • . 
PO S I TI V C · D Er I N I t E SY M 1·1 E TR IC BAN O ~1 AT R I X , · 

, 

• 

POSITIVE DEFINITE SYMt1ETRIC LINEAR SYSTEH AND PERFORMS THE TRIANGULAR DECOMPOSITION 
P O $ l T I VE i) E F I N I T E SY r 1 !·1 E T R I C L I N E A R · S Y S TE M , THE T R I A ~JG lJ L A R D E C O ~PO S I T I ON B E I "1 G G I V e N , 
p Os I T I V E DEF' I r ~ l TE s V '1 l' E T q I C ► t A TR I X B V C ti OLE s Ky I s s Q u A RE ROOT M E. T HOO , T HE Ca E F F 1 C I C: NT 
PD S I T I V t: 0 E F l r ~ t T e: $ Y M l·1 E T R ? C HA T ~ I X B V C HO L E SK V t S SQ U A RE R 00 T ►i e T HOD , T H £ C O t F F I C I E N T 
POSITIVE OEFIN?T! SYMHETRJC MATRIX WHOSE UPPER TRIANGLE IS GIVE~ COLUMNW!SE IN A ONE 
POSITIVE DErINITE SYMMETRIC MATRIX WHOSE UPPER TRIANGLE IS GIVEN IN A TWO•Dl~E~SICNA 
POSITlVE DEFINITE SYM~ETRIC ~ATRIX, lr THE MATRIX HAS BEiN DECOMPOSED BY CHLDECt OR 
POSITIVE DErI~JITE SVM~ETRlC ~ATRIX, IF THE MATRIX MAS B~EN DECOMPOSED BY CM~DEC2 OR 
POSITIVE DEFINITE SYt1METRIC MATRIX, THE CHOLESKY DECOMPOSlTION BEING GIVEN COLUMNWIS 
POSITIVE D!ritJITE SVMHETRIC MATRIX, THE CHOLESKY DECO~POSlTION BEING GIVEN IN A r~o. 
POSITIVE OEFirlITE SVM~1ETRtC SYSTEM OF LINEAR EQUATIONS BY CHOLESKY•s SQUARE ROOT MET 
POSITIVE DEFINITE SYM~1ETRIC SYSTEM OF LINEAR EQUATIONS BY CHOLESKY 1S SQUARE ROOT ~ET 

. POSITIVE DEFINITE SYM~!ETRIC SYSTEM OF LINEAR EQUATIONS BY THE METHOD OF CONJUGATE GR 
POSTHULTIPLIES A MATRIX BY A t!OUSEHOLOER MATRIX, THE VECTOR DEFINING TMIS HSH MATRIX 
POSTf1JLTlP~IE5 A ~ATRIX BY A HOUSEHOLDER ~ATRIX, THE VECTOR DEFINING THIS HSH MAT.RIX 
POST r 1 lJ LT- I PL l ES A MATRIX BY A ~f OU SE HO LOE R MAT RI X , THE VECTOR DEF' l NIN G TH 1 S HS H MAT R I X 
POSTMULTIPLYING ~ATRIX FROM TtlE DATA GENERATED BY HSHREABlD, 
POST~1ULTIPLYING WITH ORTHOGONAL MATRICES. 
POWER Of A ooua~E PRECISION NUMBER, 
POWER OF A SING~E PRECISION NUMDER, 
PR A X I S ~1 I l J I }1 I Z E S A FU ~IC T I O ~J OF SE VE RA t, VA R I A 8 LE S , 
PREClSION APP.ROXIMATION TOE~ 28 718,~, 

• 

• 

• 
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34231 us 
3lObb 29S 
34300 as 
34q44 zsq 
l4lo7 107 
36405 2'17 
3oU04 2q7 
:Sbt.i03 297 
3b40J 297 
3&U04 297 
3000& 273 
343?.2 79 
34300 us 
:Si.1211 us 
310lJO 2Ll5 
3"'34" 35 
l121J2 245 
31050 43 
36022 197 
!6010 1Q5 
lllSOO 2oq 
l13o2 211 
31363 211 
313blJ 211 
31042 22q 
31040 Z4S. 
l12/J3 2U5 
310"" 2q3 
310/Jl 22q 
31045 293 
l101.17 293 
lQSOO 209 
:sa310 es 
lt1331 87 
lQJ33 sq 
3Q332 89 
liJ402 bl 
!440J bt 
3U311 SS 
l4:S10 55 
3 4 4 0 S • o 1 ·. 
31.J"OO bl 
3!J31l 57 
3£1312 57 
3l!392 59 
31J3q3 S9 
l'i220 q5 
31073 2b9 
31074 2e9 
31075 2b'1 
34261 109 
3'J2&C 109 
31110 271 

·51109 271 
3a1+12 239 
30007 273 
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• 

K w ? C 1 !·! 0 t X . 

PI OELJVERS A FULL 
OP3'J3 s~a r~tC TS r~,o SI ►•~LE 

. o P ·-' tJ L y u L. r r r L 1 E s T w o s I ', G L E 
D~OIV OIVIJES TWO SINGLE 

OPA,o A)OS T4~ SI~G~E 
L~c,o, l~DS TWO DOUBLE 

LNGSU6 SUSTRACTS TWO DOUBLE 
L~GMUL ~ULTIPLIES TWO OOUSLE 

L 'l G J l V O ! V I OE S T ¥1 a DOU 9 L. E 
HSHCOIAPRO 
~1 S ~~ V E C !·1 A T 
HS~COL~AT 
H$~fR0W'~A T 

MATRIX TO fllOIAGOt~AL F0Rt1, 8Y 
P ~ C T F ~1, 1 A T CA ~ C UL A TE 5 THE 

F' J L ~ A TV EC CA LC LIL A TC S T ~l E 
U 8 LE r ~EC l SI O :.J AR 1 T ~1 h1 ET IC T ~, ! 

F~LSYi~AT\'EC CALCUL~TES THE 
U B l.. E P ~ CC l S l O ·~ A i1 I T r j ~• E T I C THE 

FVLTA~VEC CALCULATES THE 
UBLE P~ECISIOt4 ARIT•t 11ETIC THE 

L ~ G I ~ T •1 UL T C O ~ 1 P U T CS T H ! 
co~~UL CALCULATCS TH! 

PSDl~JV CALCJLA TES THE 
PS)INVSYD CALCULATES ThE 

RIDIAGO\~At. 
·~ I O I A Ct O \J A L. 

MATRIX ev J4EA~S OF 
~ A T ~ I X 9 V '1 E A r l S OF 
it A T R I X 8 Y H E A ~1 S CF 
~!A TRIX 9Y •~~At\1S OF 
~4TRIX 9V MEANS OF 
av ~EANS OF SINGLE 
6Y M,ANS Of SING~E 
av ~E•~,s OF DOUB~E 

S Y '1 ~~ E T " I {; 
SY·1METRIC 
$ Y '·1 \1 ET~ IC 
ARE J~E 4L, 

·ARE RE~L, 
ERG MATRIX 

K,10 CAt.:t.'t.,A T£S THE RO:JTS OF' A 
. . 

AND ~f.IG,TS FOR GAUSS• JACOBI 
0 WEIGHTS FQq GAUSS• LAGRANGE 

CO~DIV CALCULATES THE 

2.0104111 

P R E C I S I O ~ I A P P R O X I ►1 A T I 0 N T O P I r:z 3 • 1 I.I , ·• • 
PRlCISION ~u~sERS TO A DOUBLE PRECISION 
PRECISION t~0~16ERS TO A OOUOLE PRECISION 
PRE.CI SI O 'i tiJ U ~1 3 ER S TO A O OU BL E PRECISION 
PRECISIOt~ ~U 11BERS TO A DOUBLE PRECISION 
PRECISIO'J ~UMBERS, 
PRECISIO~J ~U~BfRS, 
PRECISIO~ ~U~BERS, 
P RE C I S l O ~ 'J LJ H 6 E R S , 

DIFPERENCE,. 
PRODUCT• 
QUOTIENT a 
SUH 1 

PRE'1ULTIPLIES A CO~iPLEX MATRIX WITH A COMPLEX HOUSEHOLDER MATRIX, 
PRE~~ULTIPLIES A MATRIX BY A HOUSEHOLDER MATRIX, THE VECTOR DEFINING THIS HSH 
PRE' 1ULTIPLIES A ~ATRIX BY A HOUSEHOLDER MATRIX, THE VECTOR DEFINING THIS HSH 
PRE 14ULTIPLIES A MATRIX av A HOUSEHOLOER MATRIX, THe VECTOR DEFINING THIS HSH 
PREMULTIPLYING AND POST•tULTIPLVING WJTH ORT~iOGONAL MATRICES 1 

MATRIX 
MATRIX 
MATRIX 

PRE~!ULTIPLYING MATRIX FROM THE DATA GE~ERATED BY HSHREABID, 
PRETF~HAT CALCLJ~ATES THE PRE~lJLTIPLYING MATqzx FRO~ THE DATA GENERATED BY H5HREA8ID, 
PRODUCT A• 61 ~HERE A IS A GIVEN MATRIX AND BIS A VECTOR, 
PROD lJ CT A • 8 , ~HERE A I S A G IV t N J.1 AT RI X ANO B IS A \/ECTOR 1 

PRODUCT A * e, ~HERE A IS A SY~iHETRIC HATRIX, WHOSE UPPERTRJANGLE IS STORED COLUMNWI 
PRODUCT A* a, ~~ERE A IS A SYt1f!ETRIC MATRIX, WHOSE UPPERTRIANG~E IS STORED co~u"~WI 
PRODUCT At * B, ~HERE A I tS TtiE TRANSPOSED OF THE MATRIX A ANO B IS A VECTOR, 
i-' RO t"i LI C T A t * 8 , W t~ E RE A t I S T rt E T R AN SP O S E O Or T HE fi4 A T R I X A A NO B ? S A V EC T O R , 
p ROD UC T or La ~IG ~JON~lf:GA TI YE I tJTEGER s. 
PRODlJCT Of r~o COMPLEX ~,u~16ERS. 
PSDINV CALCUL,ATES TtlE PSEUOOwit~VERSE OF A MATRIX. 
PSO!IJVSVD CALCULATES T~IE PSEUDO•INVE~SE OF A HATRIX1 ( THE SINGULAR VALUE DECOMPOSIT 
PSE'l00•I~1VERSE OF A HATRIXe 
PS E lJ DO• l t· IVE RS e; 0 F' A ~1 AT R I X J C T fi E S l NG UL AR Y ALU E DECO MP OS I T l ON Bf I NG G ? VEN ) • 
PS T T f ;~.t t A T : A L C U I. A T E S THE PO ST 11 UL T I P L. Y I ~ G MA TR I X F R OM THE O A T A G ENE R A T £ D B Y HS HR EA B I 0 
QADRAT C0~1PUTt8 T ►fE DEFINITE INTEGRAL OF A FUNCTION OF ONE VARIABLE ·OVER A FINJTE JN 
QR IT~RATIOrJ, 
Q f~ IT ER AT I :t '~ • 
QR I T E R A T l O t~ • 
OR ITERATl0 1J. 
QR lTERATlO'-J 1 

QR ITERATIOtJ 0 

QR ITt:RATIOf~, 
QR ITE!:lATIO!~. 

• 
• 

QRICOM CALCULATES TH! EIGENVECTORS AND THE EIGENVALUES OF A COMPLEX UPPER•HESSENBERG 
QRir!R~1 CALCULATES TriE EIGC"JVALUES Al~D EIGENVECTORS OF A COMPLEX Ht:RMITIAN MATRIX, 
GRlS'1GVAL CALCULATES T~E SI~~GULAR VALUES OF A GIVEN MATRIX. 
QRISNGVALBIO CALCULATES TtiE SINGULAR VALUES OF A BIDIAGONAL MATRIX, 
QRIS•~GVALDEC CALCU~ATES THE SINGULAR· VALUES DECOMPOSITION U • S * v•, WITH U ANDY 0 
QRIS~GYALDECBID CALClJLATES THE SINGULAR VALUES DECOMPOSITION OF A MATRIX OF WHICH TH 
QRISY•1 CALCULATES ALL fIGC~VALUES ANO EIGENVECTORS OF A SYMMETRIC MATRIX BY MEANS OF 
QR1SY~1TRI CALCULATES THE EIGENVALUES ANO EIGENVECTORS OF A SYMMETRIC TRIOIAGONA~ MAT 
QRIVALHR~ CA~CULATES THE EIGENVALUES or A COMPLEX HERMITIAN MATRIX. 
QRIYALSY~T~I CA~CULATES THE EIGENVALUES or A SYM~ETRIC TRIDIAGONAL MATRIX BY MEANS 0 

. QRI\'ALSYM1 CALCULATES THE EIGENVALUES OF A SVM~ETRIC MATRIX BY ~EANS a, QR ITERATION 
QRIVALSY~•2 CALCULATES THE ElGENVALLitS or A SY~~ETRlC MATRIX BY MEANS OF QR ITERATION 
QUADRATIC EQUATION WITH COMPLEX COEFFICIENTS, 
QUADRATURE. 
QLIAORA TURE • 
QUANEHBND SOLVES A SYSTEM OF· NON•L!NEAR EQUATIONS OF WHICH TH! JACOBIAN ( BEING A BA 
QUAt4EWBrlD1 SOLVES A SYSTEM OF NON•LINEAR EQUATIONS OF WHICH THE JAC08IAN IS A SAND M 
QUOTIENT OF. TWO COMPLEX NUMBERS, 
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3000E>, 273 
31102 271 
31103 271 
31104 271 
31101 271 
31105 271 
31106 271 
31107 271 
31108 271 
jt.jJSb 23 
31070 2t,Q 
31011 20~ 
31072 2bf1 
342eo 109 
3t.J2b2 109 
3tJ2o2 109 
31500 15 
31505 285 
31502 15 
31507 285 
31501 15 
31SOb 285 
11202 201 
3LJ3lJ1 31 
!tJ287 73 
3~28b 13 
34287 73 
3ll28b 13 
3LJ2b1 10Q 
12070 133 
JQ1b0 111 
l41bl 111 
30164 113 
lt.J1b2 113 
3tJ 1 o3 11 l 
34180 115 
lli1~6 115 
34190 115 
3LJ373 121 
31J371 119 
34272 ·121 
su210 125 
3£1275 127 
3iJ271 125 
3'1163 113 
341b1 111 
3U370 11Q 
3U1b0 111 
3U1o4 1l3 
3CJ1b2 113 
3U3tJS 129 
31Q2S 2q1 
31427 2q1 
·lQU30 217 
34t+31 211 
343tJi 37 
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K~ICI:lOEX 

LNGlNTDlVIOE COMPUTES THE 

• 

K ►JK 1 UPO ADDS A 
0 A V ~1 r v A c, P S A 
FL,EUPO ADO$ A 

• 

HPROVCS AN APPROXI~ATIOf~ OF A 

RECIP GA~~•A CALCULATES THE 
? 0 L V ~. G \11 AL, GIVEN BY A SET OF 

G I V E ~: ~ f. G ~ E E , Q l VE .. I A SE T OF 
0 l. V NO:' 1 A L S , G I V·E r~ 8 Y A SE T OF 
O E C O 1 ~ ;, J i' E S T :-( E Q U O T I E 'J T ,·1 I T H . 
MALLEST C IN ~9SOLUTE VALUE) 

GIA\T OE~IVERS THE LARGEST 
ECISIO~ NU~5E~ TO ?TS DECl~AL 

PESVEC CALCULATES T~iE 
UBLE PRECISION ARITHMETIC THE 

SY~RESYEC CA~CULATES THE 
UBLE PRECISIO~ ARITHHETIC THE 

, ~ H I C Ii I S ·A~~ A. C C EL ER A T I ON OF 
r-1r OIFFE~E'lTIAL EQU4TIOti 8Y A 
ER OIFF~RE~TIAL E~UATION av A 
HLET BOUNDARY CO~DITIONS BV A 
NT OIFFERt:NTIAI. EQtJATtOt4 .BY A 

CO~KAO CA~CULATES THE 
CtiSH2 F'If10S A COMPLEX 

LATES THE SCAL4~ PRODUCT OF A 
,., A T "1 A. T : a S C A l.. A R P ~ 0 D V C T OF A 
E SCA~AR PRODJCT Or A COHP~EX 
MATTA11 &; SCALAR PRODUCT OF A 
MATVEC t• SCALAR PRODUCT o, A 

• 

• 

2b/04/77 

QUOT IE ~IT WI TH RE t1 A I ~JD ER Of' LO~~ G tJ O t·J NEG AT IVE I ~J TE GERS, 
Q Z I C O ~-1 PU T E S GE '! E RA L I Z E O E l CE r J V A L U E 5 A ND £ I GE N VE C T OR S B Y ME A ~J S OF' Q Z • I TE R A T I ON e 
OZIVAL C01PUTES GE~IERALIZCD EIGENVAtUES BY MEANS OF QZ•ITERATIO~. 
R A N ¥. • 1 l1 A T q I X T O A S Y t 1 ii E T R I C 1-1 A T R I X , . 
RA~~!'.• Z ~IA T ~IX TO A $ V H •i ET RIC t 1 AT RI X • 
RA f,J K 111 2 ! 1 AT RIX TO A S V t1 ~i ET RIC t1 AT RIX 1 

REAEIGVAL CALCULATES THE EIGE:JVALUES OF A MATRIX, PROVIDED THAT ALL ElGENVA~UES ARE 
REAEIG1 CALCULATES THE EIGENVECTORS AND EIGENVALUES OF A MATRIX, PROVIDED THAT THEY 
RCAEIG3 CALCLILATES THE EIGENVECTORS A•IO EIGENVALUES OF A MATRIX, PROVIDED THAT THEY 
REAL $Vt1~ETRIC ElGENSYSTEt1 AND CALCULATES ERROR BOUNDS FOR THE ElGENVALUES 6 

REA'lRI CALCULATES ALL EIGENVALUES A~D EIGENVECTORS OF A REAL UPPER•HESSENBERG MATRIX 
RE A 9 C t. ~I O R 4 A L I Z E S T t t E C O L U M N S OF A T w O • D I ME f~ S I ON A L A R R A Y , 
REAVA~QRt CALCU~ATES THE EIGEtlVALUES OF A REAL UPPER•HESSENBERG MATRlX, PROVIDED THA 
REAVECHES CALCULATES AN EIGENVECTOR CORRESPONDING TO A GIVEN REAL EIGENVALUE OF A RE 
RECIP GA~~1A CA~CULATES THE RECIPROCAL OF THE GAMMA FUNCTION FOR ARGUMENTS IN THE RAN 
RCcirROCAL OF T~E GAHt1A FUNCTION FOR ARGUMENTS IN THE RANGE t,5,1,5lJ MOREOVER 000 A 
RE: CI JR RE ~ICE CC E F" P IC IE t~ TS• 
RE: C t.1 PRE;~ Ct COE, F' F 1 CI E f~ TS• 
RE: C ti~ RE}~ CE C OE Fr IC. IE NT S • 
R t ~1 t\ I ~JOE R OF ~ O \f G NO,~ t J E GA T I VE I t1 TE GE R S e 
RE P i? t SE t J T A !! L E R EA L ~JU >-1 B ER • 
Rf. PRE S e: t J T A 3 l., E R E: A L. t~ UH 6 E R • 
REPRESEtlTATlONe 

• 

RESinUAL VECTOR At B + X t C, WHERE A 18 A GIVEN ~ATRIX, 8 ANO CARE VECTORS ANO X 
RESIDUAL VECTOR At B + X * C, WHERE A IS A GIVEN ~ATRIX, 8 ANO CARE VECTORS ANO X 
RESIDUAL VECTOR A• 8 + X * C, WHERE A IS A SYMMETRIC MATRIX, WMOSE UPPERTRlA~G~E IS 
RESI~UAL VECTOR A* 6 + X * C, WHERE A IS A SYMMETRIC MATRIX, WHOSE UPPtRTRIANGLE IS 
RCSVEC CALCULATES THE RESIDUAL VECTOR A* B + X • C, WHERE A IS A GIVEN MATRIX, BAN 
RlC~fARDSO~ SOLVES A SYSTEM OF LINEAR EQUATIONS WITH POSITIVE REAL EIGENVALUES ( ELLI 
RIClfAROSOlJtS ~ETHOD, . 
R I T Z • G A L E R K I N ~" f T t~ 0 0 • 
RITl•GALERKlN Mf;TtiOD, 
RiTZ•GA~fRKIN METHOD, -

RITZ•GA~ER~IN ~!ETHODJ THE COEFFICIENT OF Y" IS SUPPOSED TO SE UNlTV• 
RKE SOLVES A SYSTEM or 1ST OROER DIFFERENTIAL EQUATIONS C INITIAL VALUE PROBLEM) SY 
RK1 SJLVES A SINGLE 1ST ORDER OIFFEREr~TIAL EQUATION av MEANS OP A ·STH ORDER RU~GE•KU 
RK2 IIJTCGRATES A SINGLE 2ND ORDER DIFFERENTIAL EQUATION ( INITIAL VALUE PROBLEM) BY 
RK2~ SOLVES A SYSTEt1 OF 2tJD ORDER DIFFERE~TIAL EQUATIONS ( INITIAL VALUE PROBLEM ) B 
RK3 SOLVES A SI~GLE 2ND ORDER DIFFERENTIAL EQUATION C INITIAL VALUE PROBLEM) BY MEA 
RK3tl SOL.VES A SYSTE ►1 OF 2f.JO ORDER DIFFERENTIAL EQUATIONS C INITIAi. VALUE PROBL.EM ) B 
RKQA SOLVES A SI~JGLE 1ST ORDER DIFFEQENTtAL EQUATION BY MEANS OF A 5TH ORDER RUNGE•K 
RK4llA SOLVES A SYSTEM or 1ST ORDER DIFFERENTIAL EQUATIONS ( INITtA~ VALUE PROB~EM ) 
RKS'{A SOLVES A SYSTEM OF 1ST ORDER DIFFERENTIAL EQUATIONS ( INITIAL VA~UE PROBLEM) 
Rt I K 1 M l "! ~ I \J I ~11 Z E S A FUN C T 1 0 ~J Oft S EVE RA L V A R l A 8 LE S • 
Rt, K 1 UP D ADDS A ~At~ K • 1 MATRIX TO A SY M t1 ET~ IC HAT RIX • 
ROOTS or A QUADRATIC ~QUATION WITH COMPLEX COEFFICIENTS, 
ROTATIOfJ tlATRIX, 
ROfCOL REPLACES TWO CO~UHN VECTORS X AND y BY TWO VECTORS ext SY ANO CY. sx, 
ROTCO~COL ~EP~ACES TWO CO~P~EX COLUHN VECTORS X ANO y BY TWO CO~PLEX VECTORS ex ♦ SY 
ROTC0~1RO~ REPLACES TWO COHPLEX ROW VECTORS X ANO V av TWO COMPLEX VECTORS ex+ SY AN 
ROTROW REPbACES TWO ROW VECTORS X ANO y BY TWO VECTORS ex+ SY ANO CV. sx. 
ROw OF A VECTOR ANO A COLUMN VECTOR BY DOUBLE PRECISION ARITHMETIC, 
RO~ VECTOR AND A COLUMN VECTOR, . 
ROW VECTOR AND A COMPLEX VECTORe 
ROW VECTOR AND A ROW VECTOR, 
RO~ VECTOR AND A VECTOR, 
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11203 201 
34601 267 
3Ub00 267 
31J2t1 13') 
!tJ2!2 139 
31J21l 139 
34182 117 
Ju1sa 111 
3Ll187 117 
3&qo1 301 
l1J18o 115 
3tJ183 17 
34180 115 
3ij1S1 115 
350&0 187 
350b0 181 
:S1044 2q3 
310'15 293 
310CJ7 i93 
31203 201 
30003 275 
30004 275 
31100 28q 
ltso1 ts 
31S06 285 
31 SO a .1 S 
31509 285 
31503 15 
3]170 225 
33S71 225 
33300 2&1 
33302 2t>3 
33503 2bS 
33301 261 
33035 1(J3 
l30l0 1Li1 
33012 171 
33013 1'1~ 
3301U 175 
33015 177 
:SJ01b ·145 
33011 1Ll7 
33018 1uq 
34214 1q 
:sa211 139 
3Q345 12\t 
3!Jb11 281 
li+OldO 13 
34357 ZB1 
JU3SS 281 
34oq1 13 
3U413 285 
li.1013 7 
3tJ3SQ 23 

' 

3"015 7 
34011 1 
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K . j " r l '-' "- .. v · Y• .I. 11,1 •"Ii,,/ C:. A 

O ~Ix Ow CST >,~LT 1 PL.! ES A COMP~ E )( 
. RO_., CST t-lULT I" L ! ES A 

. ' -

ts A co·iSTA:~T :1~lLTIPlttC BY A 
. ,uPVECRO~ corIES A 

• 

Ol.,RJr'l kOOS A. CO:!STAt,:T Tl~~ES A 
L'1R01' A.Ct'3 A. co.~srA:JT r1i•ES A 
L}tROW AOOS - C0~1STA~T TIMES A 
E C P O :'1 ~ 0 D S 4 C O ; : S T A f-f T T I ~1 E S A 
lJ LA TES T 4 E l 'J f I ~-JI TV• ~JO R l I Or A 
OrJ CALCULATES T:{E 1uff0R}1 OF A 
TES Ti!E SCALAR P~onucr OF' TWO 

. Efi ) OY '1EA~S OF A. STABILIZED 
A. T I O "1 8 Y M E A '~ S OF A 5 T H ORO E. R 
LE >1 ) 6 Y ~IE A •.JS OF' A 5 T i-4 0 ROE R 
L E l1 ) s y ~ 1 E " ·, s or A 5 r H o Q o £ R 

. l[ff ) ay ~!E,\~•s OF" A 5TH oR,f:R 
(lRDER, tXPD'4E·,rta~tALL '( FITTED 
L E: "1 ) 6 Y H E. A · ,i S OF A S TH O RO ER 
A T f O ~, 3 Y : 1 E A •JS OF A S T ~ 0 RO E R 
LEM ) ay MEANS OF A ST~ ORDEq 
PO"JCtlTIALL,Y F'ITTED, 3RD OR!)ER 
NT!ALLY rtTTED, SE~I•l~PLICIT 

· L.E 1
~ ) BY ~1E"~-is or A 5TH OROE:R 

LC~) 3Y t1EA~IS OF A ST~ ORDtR 
E~) RY ME4NS OF A STA9ILIZED 

TA \1 ~,AT I: 
TA'-4'/EC IC 

CO~MATVEC CALCULATES THE 
L~GMAT~AT CALCULATES THE 

~1A T )I AT s ra 
r~ 4 TT A t.1 I := 
.,, ATV EC I a 

L~GTAYYEC CALClJLATES THE 
SY"i'-4A TVEC Ii 

. L~GMATVEC C4LCULATES THE 
VECVEC t• 

· LNGSY'1'iATVEC CALCULATES THE 
L~GTAM~AT CALCULATCS THE 
1_'.:~;iATTAM CALCtlLATtS THE 
L~GVECVEC CALCULATES TM! 

SEQVEC ai 
L~GSE0VEC CALCULATES TH~ 

SCAP'10J 1= 
LtJGSCAf'R01 CALCULATES THE 

U E P ~ a 9 L. E t1 
U E P ~ r, 1 l. E t-1 
UE PRt;31,.S,1 

roR 
FOR 
FOR 

A SECO~iv O~OER 
A SECa~,o OROER 
A FOURTH ORDER 

OROER, FxPO~ENTIALLY PITTED, 
R I "I TE R P O L A T I ON US I t 4 G A S T UR M 
FUNCTION OERIVEP F~OM A STURM 
FU~ICT!Oi~ DERIVED FROH A STURM 

26/04/17 

ROW VECTO~ BY A 
ROW VECTOR av A 
ROl'l \/EC TOR I~' TO 
RO~ VE:CTO~ INTO 
RO~ VECTf'R TO A 
ROfl VECTOR TO A 
ROW VECTOR TO A 
ROW Vt:CTOR TO A 
ROw '✓ EC TOR 1 

ROW VECTOR. 

COMPLEX ~JUMBER. 
CONSTANT, 
A ROl~ VECTOR, 
A VECTOR, 
COL U ~, t J VECTOR • 
ROW VECTOR, 
ROW VECTOR, MA~ELMROWicTHE 
VECTOR, 

RO w VE C TOR S A V O O UBL E P R E C I S I ON A R l T H ► i E T t C a 

SUBSCRIPT o, AN ELEM~NT OF THE NEW ROW VE 

' 

RO w CST ~,ULT IP~ l ES A ROW V f C TOR 8 V A CONSTANT e 
RQwPERt·t PE~~tUTE' S THE ELEtiENTS OF A GtVEN RO~ OF A MATRIX ACCOROING TO A GIVEN PERMUT 
RUNG£~KUTTA METHOD WITH LIMITED STORAGE REQUIRE~ENTS. 
RUNGfeKUTTA ~ETHOO, 
RUNCEqKUTTA ~ET~oo. 
RU~GE•KUTTA ~ET~iODt 
RUNGt•KUTTA ~ETYOD• 

• 

RUNGE•KUTTA HETHODr AUTOHATIC STEPSIZE CONTROL IS NOT PROVIDEOJ THIS METHOD CAN BEU 
RUNGE•KUTTA ~CT~oo, THE ARC LENGTH 1s INTRODUCED AS AN INTEGRlTlON VARIABLE, THE lNT 
RUNGE•KUTTA HETHODJ THE INTECRATIO~ IS TERMINATED AS SOON AS A CONDITION ON X ANO Y, 
RlJNGE•~UTTA METHODJ THE INTEGRATION IS TERMINATED AS SOON AS A CONDITION 0~ xtol,,,, 
RU~GE~KUTTA HET~oo, THIS f1ETHOD CAN BE USED TO SOLVE STIFF SYSTE~S WITH .KNOWN ElGENV 
RUNGEwKUTTA MET~ODJ THIS METHOD CAN BE USED TO SOLVE STIFF SYSTEMS 1 

RU~GtwKUTT~ HfTHODJ THIS ~ETHOO CAN ONLY BE USED IF THE RIGHT HANO SIDE OF THE DIFFE 
RL!~iGE•KUTTA t-1f:T~10DJ TJ!IS ~1ETHOO C.A~J Of-~L.Y 8E USED lf T~E RIGHT HAND SIDE OF' THE OifPE 
RU~GE•KUTT4 METHOD, IN PARTICULAR SUITABLE FOR SYSTEMS ARISING FROM TWO•OIME~StONAL 
SC ft L. A R PRO;) UC T OF A COL U t~ ~t VE C TOR AND A COLUMN VE C TOR • 
SC4LAR pqo,ucr OF A COLUMN VECTOR AND A VECTOR, 
SCALAR PRO?UCT OF A COMPLEX ROW VECTOR AND A COMPLEX VECTOR• • 

SCALAR PROOUCT or A ROW or A VECTOR AlJD A COLUMN VECTOi BY DOUBLE PRECISION ARITHHET 
SC' LAR PROOJC T OF A ROW VECTOR At JO A COLUHt~ VECTOR• 
SCALAR PRo,ucT OF A ROW VECTOR AND A ROW VECTOR. 
SCALAR PRO,uCT Of A ROW VECTOR AND A VECTO~, 
SCA~AR PRODUCT OF 4 VECTOR AND A COLUMN VECTOR ev DOUBLE PRECISION ARITHMETIC, 
SCA~AR PRO)UCT CF A VCCTOR ANO A ROW OF A SYMMETRIC MATRIX, WHOSE UPPERTRIANGLE IS G 
SCA~AR PRo,ucr Or A VECTOR AMO A ROW VECTOR BY DOUBLE PRECISION ARITHMETIC. 
SCAL,A~ PRODllCT Or A VECTOR AND A VECTOR, 
SCALAR PRo,ucr OF A VECTOR GIVEN I~ A ONE•DIMEN510NAL ARRAY AND A ROW OF A SYMMETRIC 
SCALAR P~o,ueT OF TWO COLUMN VECTORS BY DOUBLE PRECISION ARlTH~ETIC, . 
SCALAR PRo,ucT OF TWO ROW VECTORS BY DOUBLE PRECISION ARtTHMETIC, 
SCA~AR PPo,ucr OF TWO VECTOR$ 8Y DOUBLE LENTG~ ARITHMETIC, 
SCAL~R PRODUCT OF TWO VECTORS GlVfN lN ONE•OIHENSIONAL ARRAYS, ~HE~E THE MUTUA~ SPAC 
SCALAR rROOUCT OF TWO VECTORS GIVEN IN ONE•Ol~EN!IONAL ARRAVS, WHERE THE MUTUAL SPAC 
SCALAR PPO~UCT OF TWO VECTORS GIVEN IN ONE•D!HENSIONA~ A~RAVS, ~~ERE THE SPACINGS OF 
SCALAR PRODUCT OF THO VECTORS GIVEN IN ONE•DlMENSIONAL ARRAYS, WHERE THE SPACINGS OF 
SCAPROl I~ SCALAR PRODUCT OF TWO VECTORS GIVEN IN ONE•OIMENSIONAL ARRAYS, WHERE THE 
SC LC O t4 i l OR 1-1 AL I Z E 8 T ~i E C O l. U ►1 ~JS OF A COMPLEX H 4 TR I X • .. 
SELf•ADJOINT DIFFERENTIAL EQUATION BY A RITZ•GALERKIN METHOD, 
SE~f•ADJOI~T DirFERENTIAL EQUATION BV A RITZ•GALERKIN METHOD, TME COEFFICIENT OF Y" 
SELF•ADJOI~T DirFERENTIAL EQUATION WtTH OlRlCHLET BOUNDARY CONDITIONS BY A RITZ•GALE 
SElZERORT~OL CA~CULATES A NUMBER OF ADJACENT ZEROS or AN ORTHOGONA~ POLYNOMIAL, 
SEMI•IMP41ClT RUNGE•KUTTA METHODJ THIS METHOD CAN eE U8EO TO SO~VE STIFF SYSTEMS, 
SEQUE~lCE • 
SEQUE~~CE • 
SEQUE~~CE e • 
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3Ul5:S 21 
31132 5 
31021 S 
31031 3 
:s1.102q 9 
l'l024 . q 
34025 9 
34026 9 
310b2 241 
3tObo 2a1 
34415 285 
31132 5 
3baOJ 297 
33061 155 
33010 1a1 
33033 143 
33012 171 
llOll 173 
3J070 157 
33018 14~ 
3301b 145 
33017 11.11 
33120 1&1 
3.3160 15Ci 
330lil 175 
33015 177 
33066 2q5 
3401lJ 7 
:S401Z 7 
34351.l 23 
34413 ,ss 
34013 1 
31.1015 7 
]ij011 7 
34412 285 
34018 1 
34411 285 
!tJ010 1 
34~18 28S 
34~1£1 285 
34Ll1S 285 
3LIQ10 285 
lt.i016 7 
ltJiJ16 285 
3U011 1 
ltJ~17 285 
3U011 1 
:SL.!360 2Q 
33300 261 
33301 261 
33303 2b5 
31364 211 
33100 1sq 
3·41 s 1 111 
3U155 113 
34'1Sl 113 
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s !: i {; ;i r r :1 L E v A L , .J A r E s A F I • 1 r r E 
r O ! 1 S E ~ E V A L l.,J A T E S A r O l I;,? I E R 

R E V A L J ~ T t S A C O ll J' L E X F' 011 R I E R 
5 1 ~ i S ~ ~ E: V A L 1 ... 1 A T f: S A S I i~ E 

Cr-S~E~ f;VA~:JA TES A COS t•JE 
FQUS~~l EV4LUATES A ,ouRIER 
f J :~! ~ £ K 2 :' 1 AL lJ ATES A F O :.1 RI ER 

1 E v' l l. ,J A T E S A C a f-• P.l E X F' 0 LJ Q I e: R 
2 EV~L:J~lES A CJk~PLEX FOURIER 
1~.![G;:::AL QP' A GlVf;"-1 CriEBYSHEV 
E PO l. Sf.~- E YA I.. U A TES A C !·IE 8 Y SHE V 

~: ! S A HER ,\l I TI AN MAT RI~ I~~ TO ~ 
KE AL S 'f '~ _;_:: r ~ l C ,1 A TR! X l t~ TO A 
~::At. Sy-, ··1 ~ f ~IC µAT R ! X l '1 T 'J A 

I A tj Q \i _,\ L T R A --: S f O R ~ A T I Ci ~ l I t·~ T O A 
f: S T R A 1 : S r o q \1 S A !-4 A T R I X I ~J T O A 
G O 'J A L '1 A T F: I X ri ri l C 11 I S LI t 11 T A R Y 

' 

t1 A T R L X 8 Y '1 E A ~ l S OF A O I AGO 'I AL. 

s I ~~ r·l c:) ,~ P ·Jr Es r 1-1 c H v Pe: r 13 o L I c 
MP iJ TES T i-1 E I ··JV ERSE ti VP ER 6 Q L IC 

S I ~~COS l fJ r CAL. C 'J L~ ATC S T ti E 
SI~~SER EVALUATES A 

SOLuVR CALCULATCS T~E 
SOLU'l~ CALCULATCS THE 

RIS~GVALOEC5ID CALCULATtS THE 
QRI5~GYALDEC CALCULATES THE 
QRIS'~GVAL9IO CALCULATES Tr1E 

O~IS~GVAL CALCULATES THE 

O~ARF OELlVERS THE 

Nor INDICES CORRESPONDING TO 

ESS I CALC~LATES T~E MOOirIED 
ESS I CALCU~ATES T~iE ~10DIFIED 

S?t1E? 85SS J CALCULATES THE 
ESS K CALCU~ATES THE MODIFIED 
ESS K CALC~LATES THE MODIFIED 

26/0!J/77 

SEQVEC 1= SCALAR PRODtJCT OF TWO VECTORS GIVEN IN ONE•DlMENSlONAL ARRAYS, ~HERE THEM 
SE~IES EXP~ESSED IN ORTHOGO~AL POLYNOMIALS, GIVEN BY A SfT OF RECURRENCE COEFFICIENT 
SER 1 ES ~•; I T rl t Q U AL S I tJ E ANO C OS I t ~ E COE FF I C I ENT S • 
S£ttIES WITH REAL COEFFICIENTS, 
SE:tt!ES, 
SE.RIES. 
SERIES, 
SERIES, 
SE~!ES,. 
SERIES, 
SERIES. 
SERIES, 

• 

, 

SEROqT?OL, EVA~UATES A FlNITE SERitS EXPRESSED IN ORTMOGONAL PO~VNOMIALS, GIVEN BY A 
SIMILAR RE4L SV~METRIC TRIDIAGONAL MATRIX, 
Sl~!LAR TRIDIAGONAL O~·lE BY i1EANS OF HOUSEHOL,Df:RIS TRANSFORMATION, 
SIMILAR TRI~IAGO•JAL ONE BY \4EA~S OF HOUSE ►iOLDERIS TRANSFOR~AT!O~, 
S I M I L A R U ~ ~ I T A R Y lJ PP t: R • ~i E S SE 'J 9 E R G HA T R I X W I T H A RE AL N ON NE GA T I V E S U BO I A GO N A L 0 s t ;-11 L A R u P ? r; R • H ~ s s Et, o ER G ~, A T R l x a v HE A N s o F w I L K I N s o N , s r R A N s r o RM A r I o N , 
SIMILAR WITH A CIVEN HERHITIAt1 MATR?Xa 
S I ~ I l AR I TY TR A NS P OR t 1 A T l Of~ • 
SINCDSFG IS AN AUXILIARY PROCEDURE FOR THE SIN£ AND COSINE INTEGRALS 1 
SI~COSI~1T CALCUL4TES T•~E SINE INTEGRA~ SI(X) ANO THE COSINE INTEGRAL Cl(X) 1 
SI~E FOR A REAL ARGUME~•T X1 

SI~E FOR A REAL A~GUMENT X1 

SINE INTEGRAL SICX) A~JD THE COSINE INTEGRAL CI(X) 1 
S l !~ E S E ~ I e; S • 
S I NC t J L. AR V ALU E S DECO HP OS I TI ON A ~f O $ 0 L VE S AN 0 VE RD ET ER H I NE O SYS T EM Off L I NE A R E QUA T 1 0 N 
SINC 1Jl.AR V.\LUfS DECQt1POSITlON AND SOL.VE$ AN u~:OERDETERMI~JEO SYSTEM OF LINEAR eQUATlO 
Sit-~GllL.AR VALUES DfC0~1POSITION Or A f1ATRIX or: WHlCH THE BIDIAGOflAL AND THE PRE• AND f' 
SI~GU~AR VALVES DECO~?OSITIDN U * S * V•, WITH U ANO V ORTHOGONA~ ANDS POSITIVE DIA 
SINGULAR VA~UES OF A BIDIAGONAL MATRIX, 
Slt-.JG 1JL,AR V4L,UE:S OF A CIVEtJ ~iAT~lX. 
Slt-Jt1 C0:1PlfTES THE HYP"ERBOLIC SINE FOR A REAL ARGUMEf~T X0 
SI'4SER EVA~UATES A SIN.E SERIES, 

" 

St 1 ALL E 5 T ( l ~ A 9 SOL.UTE VAL. U E ) REP Rt SE tJ TA BL E RE AL NUMB E: R • 
S • ! D ~ E ~1 !: Z E X C H AN c; E S A T MOS t N + 1 ~JU~ I B ER S W I TH NU~ B E R S OU T OF A RE F E RE NC E SE T , l T I 8 A N 
SOL SOLVES THE SYSTEM OF LINEAR EQUATJoi1s WHOSE MATRIX HAS BEEN TRIANGULARLY DECOMPO 
SOL3~JD SOLVES A SYSTE~·! Or LINEAR EQlJATtOt~S, T~lE MATi<lX BEI~JC DECOt~POSED BV OE:'.CB'JD, 
SOL£L~ SOLVES A SYSTEt1 OF LINEAR EQlJATIONS WHOSE MATRIX HAS BEE~ TRIA~JGULARLY DECOMP 
SO~JVR CALCULATES THE SINGULAR VALUES DECOMPOSITION AND SOLVES AN OVERDETERMINED SYS 
SO~SVDOVR SOLVES AN OVERDETERf1l~JEO SYSTEM or LINEAR EQUATIONS, ~ULTIPLVl~G THE RIGHT 
SOL S Vt; 1 J !-.J ti SO l VE S AN U t,I ti f. RD E TERM I NED SYS T t M OF L I ~EAR E Q LI AT I ON S , MU L T I PL V I NG THE R 1 G H 
SOLSY~ITRI SOLVES A SY~IMETRIC TRIDIAGONAL SYSTEM OF Lit~EAR EQUATIONS, THE TRIANGULAR 
SD~TRI SOLVES A TRIDIAGONA~ SYSTEM OF LINEAR EQUATIONS THE TRIANGULAR DECO~POSITIO~ 
sr,~TRI~IV SOLVES A TRIDIAGONAL SYST£ ►4 OF LINEAR EQUATIONS THE TRIANGULAR DECOMPOSITI 
S O L 1,. l ~~ 0 C A ~ C UL A T E S T HE S I t-~ GU L A R V A L U E S D E C O ~1 PO S t T I O ~I A NO S O L. VE S A N U ND E RO E T E R }1 I NE O S Y 
SORTI~G TliE EL.E"'E~lTS OF A GIVEN VECTOR INTO NON•DECREASI~G ORDER, 
srHER BESS I CALCULATES T~fE MODIFIED SPHERIC~L BESSEL PUNCTIONS OF THE 1ST Kl~DI ItK 
Sr HE ~ BE S S J C A ~ C UL A TE 5 T ~ f E SP HE R l C A L. B E S Sf.. L, F lJ NC T I D NS OF T HE 1 5 T K I ~ D I J t K ♦ 1 5 ) C X ) t S 
SPHER BESS K CALClJLATES THE MODIFIED $PtiERICAL BESSEL FUNCTIONS OF THE 3RD KINDf Kt% 
SPHE~ BESSY CA~CULATES TtiE SPHERICAL BESSE~ FUNCTIONS OF THE 3RO KJND1 YtK+,SJ (X)tS 
SPHERICAL 6ESSE~ FU~!CTIONS OF TtiE 1ST KIND ~ULTIPIED BY EXPC•Xla ItK+,Sl(X)tSQRT(Pl 
6 PH ER l C AL. 9 ES SE I. , r U ~, C T I O ~JS OF THE 1 S T K I ND t I t K t 1 5 J ( X ) t S QR T C P I C 2 t X ) ) , K :: 0 , , 8 • , f..J , W 
SPHERICAL 9ESSEL FU~JCTIOtJS OF THE 1ST KlNDt JtK+,5J (X)•SQRT(PI C2•X)), K•0,,. 1 ,N, W 
SPHERICAL BESSEL FUNCTIONS OF THE 3RD KlNO MULTlPLlEO BY EXPC+X)I Ktl ♦ eSJ (Xl•SQRT(PI 
SP~ERICAL 5ESSE~ FUNCTIONS OF THE 3RD KINDi Ktit 1 SJ (X)tSQRT(?I C2•X)), ImO,,,,,N, w 
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:S401b 7 
31047 293 
31092 203 
31095 203 
31C90 203 
31091 203 
:s1oq3 203 
31094 203 
310qt, 203 
:;1oq1 20:s 
31248 205 
3t04o 229 
31047 2Ql 
343b3 105 
3~1lJ:!, 101 
3'41 lJ O 101 
3U36& 107 
3£4170 10l 
3U3b/J 105 
3tJ113 qy 
3ti08S 185 
lSOBlJ 185 
35111 181 
35114 181 
35084 185 
31090 203 

' 

3'4281 b1 
3UZ83 t,q 
34271 125 
3~273 127 
34270 125 
'!tJ272 127 
35111 181 
310<;0 203 
3000:s ,1s 
360Zl 197 
3£JOS1 L,q 
3LJ071 7<i 
34061 lJ9 
3U281 67 
3tJ280 • 67 
lLi282 b9 
34421 Ql 
34U24 63 
3'1tJ27 83 
3!J283 69 
3btJ05 297 
35152 2ij7 
35150 2141 
35153 2~1 
!5151 l41 
3515'f 247 
3'5152 2lJ7 
35150 2q7 
35155 2'11 
35153 2/J7 
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K~JICltlO!:X 

SPl'ER- BESS V C&\L.CULATc.S THE 
C O • i S ·~ R T C A L C 1J L. A T C S T ~i E 

ITA8LE FOR f:-iE ltJTEGRATlO ► I OF 
-S ~1 ET 110, C 4 ;1 BE LISE D TO SOL V ! 

• 

S Mf;TtfO) CA~ BE USED TO SOl,.VE 
1 Tiil5 ·tET~Oi) IS SUIT4BLE f'OR 
S "ETHOO CA~ BE USED TO SOLVE 
S MET.,10:, C~~ BE USED TO SO~\IE 
S Mt;Tr!O:) C4',! BE 1 .. 'SED TD SOL.VE 
S ~~E:TtlJO c~·~ 3E USED TO SOLVE 
S ~ETHOO CA~ OE USED TO SOLVE 
. L I ~-1 EA ~ t t l T E ,_, P 1 Li A T I O ~J US I ~J Q 4 

OF A PUNCTlO~ O£RIVEO FROM 4 
OF A FJtJCTlOtJ DERIVED FRO~ A 

L~~GSUB 

, 

OPSVO 
~"lG I ~~TADD C0~1PUTES THE 

SLl'1?0SSE;PIES PERfQRttS THE 
EU~ER PERFOR~S THE 

SITIO~ o, A POSITIVE DEF!~ITE 
~INA~T OF A POSITIVE ~EfINITE 
s E or 4 s y '1 l' E r RI c ~1 A TR I x BY A 
SE OF' A S Y \i •\ E T R I C :-1 A TR I X BY A 
S V S T E : 1 0 ~ l.. I '.J ~ A ~ E w U A T I CJ 'J S 8 V 
SYSfE'1 OF Ll'IE~R E~UATIONS ov· 

• 
SY.·l)EC 1 CALClJLATES THE 
5y;-1)EC2 CALC:JLATCS THE 

ES A~~ AP~RJXI~AT?Cl~ Of A REAL 
~o SOLVE$ A ?JSlTIV~ CEr!~ITE 
ND SOLVES A POSITIVE DEfINITE 
2 CALCUL4TES THE I~YERSE or A 
• 

1 CALC 1J~ATE$ T~E I~VE~SE OF A 
NVERSE a~ A POSITIVE DErr~itTE 
rJyfqSL ~t A POSITIVE DEFINITE 
L. C :J ~AT~ S T -f;; EI GE t~ VAL JES OF A 
LC. •·1 1 l. .... ,,.. ... T j,- "'t"'F="·'VA. 1 lfl'"'~ "F A I~ \,,,. i• : ~- y , c_ ~ '..1 .,.. , 4 L,.. ,.. {:. ,J l~ 

~ V A 1... !J E S A; i ) E I Gt: ~-; V EC T SI ~ S OF A 
TF'!SY-➔ Tn11 TRASSFORMS A REAL 
TF}1$Y~T~12 TRAf~SfO~>i$ A Rf;AL 
C OR S0'4E ) EI GEt4VAL.UES OF A 
( 0 R S Jr I E ) E I $ E ~, V AL VE S OF A 

SITIO:J Jr A POSITIVE i)EfIN!TE 
S Y r-l ~➔ E T R I C D EC O ~1 PO S I T l O i 4 OF A 

2blOlJ/11 

SPHERICAL BESSEL FUt~CTlONS 0~ THE 3RD KINDi YtK+ 1 5J(XJtSQRT(PI C2•Xl), K;O,.,,,N, W 
sguARE ROOT OF A CO~tPLEX HUMBER, 
STIFP DirrERENTlAL EQUATIONS, 
STIFF SYSTE~S ~ITH KNOWN EIGENVALUE SPECTRUM• 
STIFF SYS TE ~1 S Wt TH Kt~ 0 W N EI GE ~1 VALUE SPEC TR UH 1 

S T I r F S Y S T E ~, S • 
ST Ir F S VS TE 1, s • 
STIFF SYSTE~1S, 
STIFF' SYSTE'!S 1 

5 T 1 t F 5 Y S T E ~1 S , 
-

STIFF SYSTEMS, WITH KNOWN EISEN VALUE SPECTRUM, PROVIDED HlGHER ORDER DERIVATIVES CA 
STUR"i SEQIJENCE, 
STURt-1 SEGLIENCE 1 

S T U R ►.1 $ E Q IJ E ~~ C E 11 

SU 8 i RA C T S T ~·IO D O U 8 LE PR E C I S I O t ~ NU ~1 B ER S • 
SlJBTRACTS TWO SI~GLE PRECISIOtl NUµ8ERS TO A OOUULE PRECISION OIFFERENCEe 
SUM OF L. 0 ~~ G N Cl N '·! f GA T I VE I ~l TE GERS • 
SlJM~1ATIOf,~ OF A INFINITE Sf.RlES WITH POSITIVE MO~JOTONICALt..Y DECREASING TER~S USING TH 
S U M ~ ~ A T I O N J r A N A L. T E R t·J A T l :-J G I t I F I t~ I T E S E R I E S , 
SUl~POSSERIES PERFORMS T ►iE su~~IATION OF A lNFI~JITE SERIES WITH POSITIVE MONOTO~JlCALLY 
s y ~1 DE C I ~: V 1 C A ~ C J L A T E s T t 1 E I "l VE R $ E OF A s y ~ ~4 E T R I C H A T ~ I X a V A s V MM f. T R I e DE C O Hp O s l T I O N 
5YHO~ClHV2 CA~CULATES T~if ttJVERSE OF A SYM~ETRIC ~1ATRIX BY A SY~~ETRIC DECOMPOSITION 
SYt{0ECSOL1 SOLVES A sy~t~ETRIC SYSTEM OF LINEAR EQUATIONS av SYM~ETRIC OECO~POSITION 
SYHDtCSOL2 so~ves A SV~iMETRIC SYSTEf~ OF LINEAR EQUATIONS BY SYMMETRIC D~COMPOSITION 
SYMDfCl CALCU~ATES THE SVH~1ETRIC DECOMPOSITIO~J OF A SYMMETRIC MATRIX W~OSE UPPER TRI 
SYMrEC2 CALCULATES THE SY!IMETR!C DECO~POSITION OF A SYMMETRIC MATRIX WHOSE UPPER TRI 
SY r-1 DE TE R t11 CAL CUL 4 TES THE DE TC R ~l I t.J At J T OF- A SY t.t ~ET R IC ~1 AT R I X , THE: SY H ~A E. TR 1 C DECO~ PO S I 
SVM~ETERM2 CALCULATES T~tE DETCR~ilNANT A SVM~~ETRIC MATRIX, THE SYM~:ETRIC DECOMPOSITIO 
5 V M f. I GI f JP I~ PROVE$ At~ APPROX I t1 AT ION OF A RE AL SY M ~ E TR IC EI GENS Y STEM AND CAL CUL A TES E 

• 

SVMl~V1 CALCULATES Ttl! !~VERSE OF A SYHP1fTqlC MATRIX, USING THE SYM~ETRlC OECOWPOSIT 
sv~xr1v2 CALCLJLATES THE INVERSE or A SYMMETRIC MATRIX, USING THE SYM~ETRIC DECOMPOSIT 
SY :1: 1 ATV f.. C : 1: SC AL AR PROD UC T Of' A VECTOR At~ D A RO !ti OF A SY ~1 t-1 ET R I C ~ A TR l X I W H 0-S E UPPER 
S Y ~\ ~-! E T R I C 3 A t ! D ~ A\ T R 1 X , 
s v M ~ 1 e r R 1 c a 4 N c ti A r R 1 x • 
BYH~ETRIC )ECO~POSITION C WITHOUT PIVOTING lJ THE COEFFlCIENT MATRIX GIVEN COLUMNWlS 
SYM~lETRIC JECQ'-tPOSITIOt~ C WITtiOUT PIVOTING ) J Tr!E COEFFICIE~~T MA.TRIX GIVEN COL.U~r.J~lS 
SYM~~tTRIC 0EC0~4P0$ITION ( WITHOUT PIVOTING )J THE COEFFICIENT MATRIX SHOULD BE GIVEN 
SY~MfTRIC occo~~POSITIQij ( WITfiOUT PIVOTl~G ,, TH~ COEFFICIENT MATRIX SHOULD BE GIVE~I 
SY~' 1ETRIC OECO~POSITION or A SYt4HETRIC ~iATRIX WHOSE UPPFR TRIANGLE IS GIVE'~ COLUMNWI 
S V ~ ! , E TR! C DECO t-1. PO S I T I ON OF A SY ~I ~1 ET RIC ~1 AT R IX w HOSE UPP f R TR I ANGLE IS G I VEN l ~, A T w 0 
SY~~ETRIC EIGENSVSTEH Ar!D CALCULATES ERPOR BOUNDS FOR THE ElGE~VALUESe 
SYM~'.ET~IC ~INEAR svsrcr, AND PERFORMS THE TRIANGULA~ DECO~POSITIDN av CHOLESKV•S HETH 
SYM 11ETRIC LINEAR SYSTEt\ 1 THE TRIAr~GULAR DECOMPOSITION BEING GtV~N, 
SYMt'ETRIC ~AT~IX BV A SYMJ1ETRIC DECOMPOSITION ( WITHOUT PIVOTING )r THE COEFFICIE~IT 
syuttETRIC ~ATRIX 9Y A SV~1!1ETRIC DECOMPOSITION ( WITHOUT PIVOTING>, THE COEFFICIENT 
SYM~1tTRIC ~ATRtX BY CHOLESKY•s SQUARE ROOT ~ETHoo, THE COEFFICl~NT MATRIX GIVE~ COLU 
sv~~tTRIC ~ATRIX BY CJl0LESKY 1S SQUARE ROOT METHODf THE COEFFICIENT MATRIX GtVEN COLU 
SV~HETRIC 44TRIX BY MEANS OF OR ITERATION, 
SYM:i(T~(lC '1ATRIX SY r1~At~$ Or QR ITERATION. 
SY~r•ETQIC ~ATRIX BY ~EAt4S OF QR ITERATION, 
SVM~lETRtC ~ATRI~ INTO A SlMILAR TRIDlAGONAL ONE BY MEANS OF HOUSEHOLDER'! TRANSFORMA 
$YM'1ETRIC ~ATRIX INTO A StMILAR TRIDIAGONAL ONE BY MEANS 0~ HOUSEHOLOER•S TRANSFORHA 
5Y~METRIC ~ATRIX USING LI~IEAR INTERPOLATION OF A FUNCTlON DERIVED FROM A STUR~1 SEQUE 
&YMMETRlC ~ATRIX USING LINEAR I~JTERPOLATION OF A FUNCTION DERIVED FROM A STURM SEGUE 
SY~METRIC MATRIX WHOSE UPPER TRIANG~E IS GIVEN COLUMNWISE tN A ONE•DlMENSlONAL ARR4Y 
SY~HETR1C ~ATRIX WHOSE UPPER TR1ANG~E IS GIVEN COLUMNWISE tN A ONE•OlMENSlO~AL ARRAY 
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3St51 2Q7 
34343 35 
lJ1lS 231 
33070 157 
l31ZO 1b1 
33060 151 
:S31e>O lS9 
l31l1 16'3 
33132 221 
331q1 Z23 
3JOSO l bq 
3a1s1 111 
l4t55 113 
30153 113 
3110b 271 
31102 271 
31200 201 
32020 131 
32010 131 
32020 1~! 
)4711 263 
3U710 283 
ll.1707 281 
31J706 as1 
34701 277 
3a700 277 
l"70l 279 
!4702 279 
36401 30! 
l470q 283 
3Ll708 281 
3U018 7 
31J330 85 
3U3l1 87 
3'1710 28:S 
3£+711 283 
3L170b 281 
34101 281 
3Li70\ 277 
!4700 277 
36401 l01 
3433J eq 
34332 eq 
l4710 283 
l"711 283 
3'4402 ol 
l<4403 61 · 
34164 113 
:SQ 1 b2 113 
3tJ1b3 113 
3Ulil3 101 
3'6140 101 
3Ll15S 113 
·3 415 l 113 
34311 55 
34701 217 
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KW IC I f~OEX 

S Y Mi· E T R 1 C OE C O '1 Po S I T l O 1·4 0 F' A 
S I T I ·J I O F 4 P O S I T I V E O E F I )J I T E 
NVERSE or A POSITIVE OtfI,:ITE 
PJVERSE or A POSITIVE OEFI~ITE . -

MINA~JT OF A POSITIVE DEFINITE 
,1,~-14tJT OF' A f'QSITIVE DEFINITE 
LCULATES T~E DETER~I~A~T OF A 

C A ~ C tJ L A T E S T HE DE T E R ~ ? r J A~ T A 
1 CALCULATES THE I~VERSE OF A 
2 CALCULATE$ THC I~VEF?SE OF A 
CT OF A VECTOR A~JD A ROH OF A 
ITIALIZtS A (CO)DIAGON4L OF A 
SYMR<)W INITIALIZES A RO~ OF A 
L2 SOLVES A POSITIVE OEFI~tTE 
Ll SOLVES A POSITIVE DEFINITE 

SYrlDECSOL2 SOLVES A 
SY't0E:CSOL1 SOLVES A 

40 S<JLVES 4 POSITIVE 0EfINtTE 
CA i.. C ~J LATE S EI GE '-IVE C TORS OF A 

CO'ISEC 1JTIVE, E!GE!JVALUES OF A 
LCULATES fijE EIGENVALU!S o, A 
NVALUES A~JO EIGE~JVECTJ~S o, A 
T R I 4 t: GU I. A R v E C O 11 PO S I T I O t J O F' A 
AN ~1ATRIX I~TO A SI~ILAR REAL 

OECSJ~5y•4yqz SOLVES A 
SO I.SY ►ITRI SOL, V ~ S A 

SOLSVD SOLVES THE HOMOGENEOUS 
GSSSOLEQS SOLVES A 

CO~ P., S T t O ~4 u F T ti E -..c AT R I X OP A 
OL TRJ-P l V S~LvES A TRI~!1\G0 1lAL 
ECSJLTRI SOLVES A T~IDIAGO~AL 
0 L. \,I E s A s y "' 11 E T ~ I C T R l Q I A G O 'J A L 

GSSITISO~ SOLVES A 
-A POSITIVE OEFI'IITE sy~;iET~IC 
A POSITIVE DEF't'JITE SYM!~ETRIC 

~EC3UL:3if~ SOLVES A 
S Y ~1): C 5 8 L Z 5 ·J L V E-. S A SY --4 1~ E T q IC 
S Y lf :> f. C S O L 1 S J 1.t V ~ S A S Y \' ~ '. E T R l C 
A P J S 1 T I V E C' E F I "I I T E S Y \1 : ' E T R I C 

C r! L S O L 1 S a L V t: $ A 
CHL,SL1LZ SOLVES A 
S Y I·l S ·l L. 1 S O L YE S A 
S Y ~1 s O L. 2 SOL VE S A 

H0~·1$0L SOL. vc:s TrfE r<l0'·1nGE~JEOIJ$ 
SOL Tr<l SOL.'!ES A TRIDIAGr;'lAL 

OLTRIPIV SO~VES A T~!DIAGOiAL 
SOL SOLVES THE 

SOLEL.~1 SOLVES A 
ITISO~ SOLVES A 

ITISOLERa SOLVES A 
HE ERROR I~ THE SOLUTION OF A 

OECSOL, SOLVES A 
RICHARDSON SOLVES A 

'2.f:>104/17 

SYM'tETRIC ~ATRIX WHOSE UPPER TRIANGLE IS GIVEN IN A TWO•DlMENSIONAL ARRAY, 
5yu~1ETRIC MATRIX ~IHOSE UPPE~ TRIANGLE IS GIVE~J lN A TWO•DIMENSIONAL ARRAV 8 
SYM~1ETRIC ~ATRIX, IF Ttif HATRlX HAS BEEN DECOHPOSED BY CHLOEC1 OR CHLDECSOL1, 
SYM~1ETRlC ~ATRIK, JF THE ~ATRIX t~AS BEE~I DECOMPOSED BY CHLOEC2 OR CHLDECSOL2, 
!YM~ETRIC ~ATRIX, THE CHOLESKY DECOMPOSlTIO~I OEING GIVEN COLU~NWISE IN A ONE•DI~ENSI 
8YM~ETRIC ~ATR!X, THE CHOLESKY DECO~POSITION BEING GIVEN IN A TwOaOIMENStONAL ARRAY 8 
SYM'4ETRIC ~ATRIX, THE SYMHETRIC DECOMPOSITION BtING GIVEN COLUMNWISE lh A ONE•DIMENS 
SYM•4ETRIC ~ATRIX, THE SY~HETRZC DECOMPOSITIO~ BEING GlVEN IN A rwo~01~ENSIONAL A~RAY 
SY M ,. E TR I C "1 A TR I X , US I ~JG T ti E S V Mt 1 E TR I C OE C OM PO S I T I ON FOR t1 E O 6 Y S Y MD EC 1 0 R SY MD Et SOL 1 

8 
SYM~ETRIC ~ATRIX, USil~G THE SYMµETRIC DECOMPOSITION FORMED BY $VMOEC2 OR SVMOECSOL2, 
SY~HETRIC ~ATRIX, WHOSE UPPERTRIANGLE IS GIVEN COLUHNWISE IN A ONE•OIHENSIONAL ARRAY 
SYM~iETRIC MATRIK, WHOSE UPPERTRIANGLE IS STORED COLUMNWISE IN A ONE•DIMENSIONA~ ARRA 
SYMt\fTRIC MATRIX, WltOSE UPPERTRIANGLE IS STORED COLUMNWtSE IN A ONE•DlMENSIONA~ ARRA 
SYM~ETRIC SYST!~I OF LINEAR EQUATIONS BV CHOLES~Y•S SQUAR! ROOT METHODJ THE COEFFICIE 
SYMMETRIC SYSTE~ OF LINEAR EQUATIONS BY CHOLESKY 1S SQUAR! ROOT METHOOJ THE COEFFICI! 
SVMHCT~!C SYSTE~ OF LJNEAR EQUATIONS BY SYM~ETRIC DECOMPOSITION C WITHOUT PIVOTING J 
sv~·1ETRIC SVSTE~ OF LlNEAR EQUATIONS av SV~METRIC DECOMPOSITION ( WJTHOUT PIVOTING) 
SYMMETRIC SVSTE~ o, Llt~EAR EQUATIONS BY T~tE METHOD OF CONJUGATE GRADIENTS, 
SY~~, E TR IC TR I DI AGO NA~ MAT R l X B V t1 EANS OF IN YER SE I TERA T ION e 
SY~'~ETRIC TRIDIAGONAL MATRIX BY MEANS OF LINEAR INTERPOLATION USJNG A STURM SEQUENCE 
sv~~4ETRIC TRIDIAGONAL MATRIX BY MEANS OF QR ITERATION, 
SYM~4ETRIC TRIDIAGONAL MATRIX BY MEANS OF QR ITERATION, 
sv~~ETRIC TRIDIAGONAL MATRIX, 
SY~'~!TRIC TRIOIAGONAL MATRIX 0 

S Yi" \' E i R I C T R I O I A G ~~JAL SY S T E ~ 0 F l. l ~ J EA R E QUA T I O N S A ND P E RF O R M S T ,; E T R I D I A GO NA L O E. C OM P 
SY~ 11 ETQIC TR!DIAGO~AL SYSTEM OF LINEAR EQUATIONS, THE T~lANGULAR DECO~POSITION BEING 
SYMRESVEC CALCU~ATES THE RESIDUAL VECTOR A* B + X * C, WHERE A IS A SYMMETRIC MATRI 
SYMSOL1 SOLVES A SYSTEM OF LlNEAQ EQUATlO~IS IF THE COEFFICIENT MATRIX HAS BEEN O!COH 
sv~SOL2 SOLVES A SYSTEM or LltlEAR EQUATIO~:s IF THE COEFFICIENT MATRIX MAS BEEN DECO~ 
SYSTE~ OF LINEAR ECtJATION$ A• X ~ O A~D Xt * A a o, WHERE "A" DENOTES A MATRXX AND 
SYSTEM OF LtlJEA~ EQIJATIO~lS ANO CALCULATES A ROUGH lJPPERBOUND FOR THE R!LATIVE !RROR 
SYSTEM OF ~tNfAq EQUATIONS A~O CALCULATES AN UPPER80UND FO~ THE RELATIVE EaROA IN TH 
SYSTE~1 OF t.I~!EA~ EGIUATf0t4$ At·ID f"fRFOR~1S TtiE TRIANGULAR DE'.CO~IPOSITION WITH PARTtAL PI 
SYSTE~1 OF Ll}JEAR EQUATIO~S AND PERFOR~S T~iE TRIANGULAR DECOMPOSITION WITHOUT PIVOTIN 
SYSTE~ or ~INEA~ EQUATIONS AND PERFORMS T~tE TRIOIAGO~A~ DECOMPOSITION, 
SYSTE~ OF ~INEA~ EQUATIO~S AND THE SO~UTI04 IS IMPROVED ITERATIVELY, 
SYSTEM OF ~INEAR EQUATIONS av CHOLESKY'S SQUARE ROOT ~ETHOOJ THE COEFFICIENT MATRIX 
SVSTE~ OF LINEA~ EQUATIONS BY CHOLESKV 1S SQUA~E ROOT M[THoo, tHE COEFFICIENT MATRIX 
S Y S r E > \ 0 F L I t J EA R E Q U A T I O t JS B V GA U S S I A ~-1 f L l H I ~, A T I ON W l T H PA R T I A L P I V O T I NG I F TH E C OE F 
SYSTE~ OF LttJEAq EQUATIONS BY sv~,µETRIC DECOMPOSITION C WlTt~OUT PIVOTING )J THE COEF 
SYSTE:f OF LINEAR EQlJATIONS BY SYMMETRIC DlCOMPOSITION C WITHOUT PIVOTING )p THE COE, 
s Y s TE • 1 o F ~ I i--1 EA~ ea u .tr 1 at~ s av THE ~, e: T ~1 o o o F co NJ u GA r E s RA o 1 EN rs • 
SYSTE~ OP ~ltJ~Aq EQUATIONS 1, Tt4E COEFFICIENT MATRIX ~fAS BEE~ DECOMPOSED BY CH~DECl 
SYSTEM OF LINEA~ EQUATIONS IF THE COErFICIENT MATRIX HAS BEE~ DECOMPoseo BY CH~OEC2 
SYSTE~ OF LINEAR E0UATI0~1S IF THE COEFFICIENT MATRIX HAS BEEN DECOMPOSED BV 5VMDEC1 
SYSTE'1 or LINEA~ EQUATIO~S 1, THE COEFFICIENT MATRIX HAS BEE~ DECOMPOSED av SY~DEC2 
SYSTE~ o, LINEAR EQUATIONS OF EQUATIONS A* X ~ 0 ANO Xt *A= O, WHERE "A" DENOTtS 
S Y S TE '1 0 F" L, I N E A ~ E QUA T I O tJ S THE TR I At l G U l. A R DC.: C OM P D 5 I T l ON 8 E I N G G I V E. r~ 0 
SYSTE~ Of ~I~EAR EQUATIONS TME TRIA~JGULAR DECOMPOSITION BEING GIVEN, 
SYSTE~ OF LINEAR EOUATlONS WHOSE ~1ATRIX HAS BEEN TRIANGULARLY DECO~P05ED av DEC, 
SYSTEM OF L.INEAR EQUATIONS WHOSE MATRIX HAS BEEN TRlANGU~ARLY DECOMPOSED BY GSSEL~ 0 
SYSTE~ OP ~I~EA~ EQUATIOtJS WHOSE MATRIX HAS BEEN TRIANGULARLY DECOMPOSED BY GSSELM 0 
SYSTEM OF ~INEAR EQUATIONS WHOSE MATRIX HAS TRIA~GULARLV DECOMPOSED BY GSSNRIJ THIS 
SYSTE~ OF LINEAR EQUATIOt4S WHOSE MATRIX IS TRIANGULARLY DECOMPOSED BY G5SELM, 
SYSTEM OF LINEAR EQUATIONS WHOSE ORDER IS SMALL RELATIVE TO THE NUM6!R OF BINARY DIG 
SYSTE~ OF LlNEA~ EQUATIONS WlTH POSITIVE REAL EIGENVALUES ( ELLIPTIC BOUNDARY VALUE 
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31.700 277 
3q310 55 
34401 b1 
34400 01 
3U313 57 
3Ul12 S7 
34703 279 
34702 Z19 
34709 Z63 
34708 281 
34018 7 
31011 1 
31014 1 
:S43C>2 59 
3tJ3Q3 5~ 
:S4706 281 
34707 281 
3~220 95 
lll152 111 
34151 111 
l4lb0 111 
3~161 111 
3iJLi20 q1 
343b3 105 
14422 · <";3 
li.1421 - q3 
!1SOLI 15 
3'4705 281' 
3470/J 281 
3tJ26/J 71 
Jq24l lJq . 
3'l2lJZ u '5 
34~28 83 
3Uai?S 83 
3i:Ji422 93 
l£J251 53 
3tJ3'12 59 
!q393 sq 
3'4322 79 
3Q706 281 
341 o 1· 2 a 1 
34220 9S 
l~391 5q 
3U390 '59 
l470S 2a1 
l4704 281 
3~285 71 
3tJ424 83 
34tJ27 83 
3tJ051 Q9. 
3tJOb1 qq 
:S42SO 51 
3LJ253 s:s 

· 3'4241 /JS 
3/J301 U9 
33110 zzs 
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ELI~INAT!O~I SOLVES A 
GSSSOL. SOLVES A 

A \J J S O L V E 3 A ; ·l ·Q V l q O E T E !1 J-4 I ·-~ E 0 
At~ D Sn l. v ES A~, U-"I DE w OE' TE R ~~I~ J E 0 

GSSlTISDLE~O S?~VES A 
OOVR SOLVES AtJ OVE~DETERMI~ED 
U ti O 5 Q l. v t S A } J !J · l DE q D E T E R J-1 I "E D 

S ·J L O '' 0 S O \.. Ve S A 
01., VE S A SY ·i 'iE TR! C TR IC I AGO 'JAL 

J!J,,\tJf WB .. 10 sriLVES A 
QJA~£~BN~1 SOLVES A 

SOLUTIO~l OF 4N OVE~OETERHI~EO 
SOLJTIO·~ OF Ar~ OVERDETERMI~ED 

l ~4 PE X SO~ VE S A ?·J A !J TO t l O 4 0 u S 
D1 ltJ PARTICJLAR S1JITA9LE FOR 

' 

TA N CO ~t PUT E 5 THE 
T A NH C O ~,. P U T E S TH t HYPE RB O L. l C 

~1 P U T E S T HE I >-I VERSE ti VP ER 9 0 l.. I C 
• 

ST, 2~,J OR lRD ORDCR o~,e•STEP 
3V MEA~S OF A VARIABLE ORDER 

· LUATE3 Tf1E: FIRST K TER•1s OF A 

P-.J A VEC f DR ) 
0 ~J COL iJ .~1 NS ) 

A ~ I S r O r: '-i A T I O '~ 
TfhiPREVE:C I~ 

C OR Rt SP O t,: D I ~JG T 0 
CORRESPO~~O I ~JG TO 

CORRESPOtlOI~G TO 
C0'1BINATIO!l WITH 

ANSFOR~ATIO~ CORRESPONOI~G TO 
AR l S I \I G F R O • i T WO • 0 l ~1 E ~ S ! 0 ~ A L 

"BAKqf:A;fESl f'ERrORYS THE: BAC~ 
8 AK RC Ari ES~ ~ t: RF" 0 R ~t S T i..r C: B ~CK 

f: A--< LA q PER r OR., S T ~f E: s ACK 
8 AK CO '1 ;--i £: S ~ERP DR \1 S THE 8 ACK 
BAK:t~ 1 TR I PE~rnR'-15 THE BACK 

BA~SY~TRll PE~FOR~S T~-E SACK 
a A i< S \' ·~ T q I 2 " E P. F' 0 f-1 "1 S T ~ E: 8 ~ C K · 

Ri X FlY '~EA \JS OF )iQUSErlOL.OE~ • S 
OLLJ,EJ 0Y A C0'1~LEX OIAGO~AL 
EA~S OF~ DIAGONAL SI~ILARtTV 
O~E BY MEA~S OF HOUSEHO~DtR 1S 
0 ~ E g Y ~1 EA \JS O F HOUSE ~i 1 L. I) E q t S 
A T R I X a Y rl E A ~" S OF W I L K I ~ I SO ~ • S 

~f $ f~ C (' 1·4 HES 
►' S 1 C O Y. C O L 
HS •~HRM TR I 
TrMRC:AHES 
HS•iREA9IO 

f4EWGRN 
CARPOL,. 

2b/OIJ/71 

' 

SYSTE~ Of ~It·1EA~ EQUATIONS W?TH POSITIVE REAL EIGENVALUES ( ELLIPTIC BOUNDARY VALUE 
SYSTE~1 Of l.INEA.R EOUATIOtJS 1 

s y s r E · 1 o f ~ 1 r•~ E A R E a I J 4 r I i) , J s • 
SYS TE~, 0 F LI t·i EAR E QUA TIO~, S • 
SYSTEt1 OF ~ltJEAR EQUATIO~JS1 THIS 501..UTION IS I~PROVED ITERATlVEt.rY ANO AN UPPERBOU~D 
SYST~~1 OF ~1:,Jt;A~ EQUATI0~1S, MUL.TIPL.YttlG THE RIGHT•HAt~D SIDE BY THE PSEUDO-.I~VE'RSE OF 
SYSTE'1 OF LINEAR EOUATIOIJS, ~ULTIPLYING THE RIGHT•HA~D SIDE BY THE PSEUDO•INVERSE OF 
SYS T f. ~,1 0 F LI'" EAR E QUA T I O ~J $ , T ti E ~,AT RI X BE ! NG DECO~ POSED BY OE CB NO 8 
S Y S TE '1 0 F ~ I t-i E A R E QUA T l Or~ S , T ti E T R I A NG UL A R DEC O ~1 P O S I i Z O N 6 E I NG G I VE N , 
SVSTE~ OF ~ON•LI~EAR EQUATIONS Of WHICH THE JACOBIAN C BEING 4 BAND MATRIX) IS GIVE 
SYSTE~f OF ~ON•LINEAR EQUATIONS OF WHICH THE JACOBIAN IS A BAND ~ATRIX 1 
SVSTE ►1 o, ~ON•LINEAR E0UATIONS WITH MAROUARDT•S ~ETHOD. 
SY S T E 'f OF '10 ~ l "' L. I 'IE A R E QUA T I O ~ S v~ I T •i T HE GAU $ S •NE WT ON HE T HOD • 
SYSTE~ OF 1ST ORDER DIFFERENTIAL EGUATIONS C INITIAL VALUE PROB~EM) BY MEANS OF THE 
5YST;'1S ARISING FRO~I TWO-,Ol~~E:~SIO>JAL TI1·1E•OEPttJOE~~T PARTIAL OIFFE.RENTlAL EQUATIONS, 
TAM~1AT ~~ SCA~AR P~ODUCT OF A CO~U~1N VECTOR AN.DA COLU~N VECTOR• 
TAMVEC gc SCA~AR PROOUCT OF A CO~UMN VECTOR ANO A VECiOR 8 

.TAN co,~rures THE TAtJGENT rOR A REAL ARGUMENT x. 
TANGE~~T FOR A REAL ARGUMENT X1 
TA~GE~T FOR A REAL ARGUMENT X, 
TANGENT roR A REAL ARGUMENT x." 
TANtf co•1°urr:s THE HYPERBOLIC TANGENT FOR A REAL ARGUti4ENT x. 
TAYLOR METHODJ THIS METHOD CAN BE USED TO SOLVE LARGE AND SPARSE SYSTEMS, PROVIDED H 
TAY~OR ~ET~OOJ THIS METHOD tAN 6E USEC TO SOLVE STIFF SYSTEMS, WITH KNOWN flGEN YALU 
TAYLOR SERIES, . 
TAYPOL EVALUATES THE FIRST K TER~•S OVA TAY~OR SERIE$, 
TFMPREVEC IN CO~BINATION WITH TrMSYHTRI2 CALCULATES THE TRANSFORMING MATRIX, 
TFMREAHES TRANSFOR~1S A MATRIX INTO A SI~1ILAR UPPER•HESSENBERG MATRIX BY MEANS OF WIL 
TfMREA4ES, 
Tt><~tA~~ES • • 

TfHSYHTR?l TRANSFORt1S A REAL SY~1HETRIC ~ATRIX INTO A SIMILAR TRIDIAGONAL ON! BY MEAN 
TFU.SV'-iTR! 1, 
TfMSYMTRI2 CALCULATES THE TRANSrORMING MATRIX, 
T ,. t-1 S V • 1 T R t 2 T R AN S F O R ~~ S A RE A ~ S Y ~1 ME T R I C t-14 TR I X I ~J TO A S I M I L. AR T R I O l AGO N AL ONE B Y ME A N 
TrMSYt1TRIZ, 
TI~E•DEPE~JE~JT PARTIAL DIFFERENTIAL EQUATIONS. 
TRA 1!SF'OR'~AT?n'J ( ON A VECTOR ) CORRESPOrJOlt~G TO TFMREAHES, 
TRA~!SFOR~ATJO~ ( ON COLUMNS) CORRESPO~lDING TO TFMRtAHESt 
TRA~-!SFOR~A.TIO~I CORRESPONDING TO EOILBR, 
TR A :,1 $FOR l~ AT IO 'I CORRE SP O ~l D t 1\1 G TO HS H COM Ht S 11 
T R A 14 s r a R ~A A T I O ~ C OR R E s p O ~~ 0 I NG T O H $ H HR MT R I • 
t P. A ~ ➔ S r OR ~1 A T I O ~ I C OR q E SP O ND l NG TO T F M S Y MT R I 1 , 
TRAL:SF'C"RMAfIO~I CORRESPONDING TO Tr~SYMTRIZ, 
TRA 1lSfORMATtON rOLLOWED BY A COMPLEX OtAGONAL TRANSFORMATION lNTO A 81MtLAR UN1TAHV 
TRA~ 1SFORMATIO~J INTO A SI~1lLAR UNITARY UPPER~HESSENBERG MATRIX WlTH A REAL NONNEGATIV 
T R A I J S F' 0 R M A T l O ~l , 
T R A : J S ; 0 R ,_,. A T I O N a 
r R 4 ~ : s r o RM A r 1 o ,~ • 
TR A~ 1 Sr !l R ~AT IO tJ • 
TRAllSrORMS A COMPLEX MATRIX BY HEAN! OF HOUSEHO~DER 1S TRANSFORMATION FOLLOWED BY AC 
TRAP~SFOR~S A co~1PLEX VECTOR JNTO A VECTOR PROPoqTIONAL TO A UNIT VECTOR, 
TRA~JSFOR~S A HEQMITIAN MATRIX INTO A SIMILAR REAL SYH~1ETRIC TRIDIAGONAL MATRIX, 
TRA~SFOR~S A ~ATRIX INTO A SIMILAR UPPER•HESSENBERG MAlRIX 8V MEANS OF WI~KtNSON•S T 
TRA~SFORMS A ~1ATRIX TO BIDIAGONAL ro~M, BY PRE~ULTIPLYING AND POSTMULTIPLYING WITH 0 
TRANSFORMS A POLYNOMIAL FROH THE NEWTON FORM INTO THE GRLINERT FORH, 
TRANSrORHS THE CARTEStAN COORDINATES OF A COMPLEX NUM6ER lNTO POLAR COORDINATES, 
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l3171 22S -
3'4232 49 
3U281' 67 
3'4283 f)q 

3q254 s:s 
34280 · b1 
3iJ282 69 
34071 7q 
34421 q3 
3Utll0 217 
3U431 217 
3t'J4~0 219 
3~4~1 219 
l313~ 231 
13066 2'vS 
:Jij014 7 
34012 7 
35121) 11q 
lS120 17Q 
35113 181 
3511b \81 
35113 181 
330~0 167 
33050 169 
312ij1 2US 
312t.i1 2iJS 
3'J142 101 
3U170 103 
3~171 10.S 
31.l172 10! 
3414:S 101 
34144 101 
341"2 101 
341LJO 101 
liJ141 tot 
330&& 2Q5 
3q111 103 
li.i172 103 
3417lJ q1 
l43b7 107 
343&5 lOS 
341 lJ tJ 101 
341l.11 101 
ltJJo& 107 
3lJ3bb 107 
3~173 q7 
341~3 101 
3/JliJ0.101 
:SIJ170 103 
3l!366 107 
34355 23 
3C3ol 105 
34170 103 
"34200 10Q 
310S0 a3 
l4:S4q 35 
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· · K ,., ·1· "' I • 'o·· ... v , 11 \, . ,'( · (;,. A . 

GS31RI ~t~FOQMS A 
~ E. C fJ ~ ID P E ~ F O P ~.i S A 

OECSY'iTR! PERF"OR'iS Tt~E 
OECTRI PE~FJR~S A 

'. DECTRIPJV PtRFo~~s A 
GSSELf~ P!RfQQ~S A 

:-> E C F' E R t' 0 f? "j S A 
A~ E·1:JA T IO'JS AtJD PERrOR;•tS THE 
·A· r:i · ~ r, ' 1 A r· ! u·1 • l ~ A ~ l :', r t" :, r ;'"; q ~ * $ T ► 1 E ,n .. 1,;i ,11 1 ·"' 1 .., •. :., . .., . , . .,, . , . 1 . 

.• ~ GSSER8 PERFOR~S A 
CTJOij OF rwo VARIABLES OVER A 
G \J A RE S ? R O 8 LE l1 D Y H CU $ E ~ t O L O E R 
TDtC PE\..I'v'f;RS TriE H{)llSEH □ t.,ER 
UAT l QtiS Y:t10SE MATRIX rlAS SEEtJ 

. . 

LC!JLATES T~iE :)ETER'~If~ANT OF A 

... ·.·• s EIGE":VECTC~S or A SY~HETKIC 
E , 'E 1 0 E· \iv AL u E 3 ~> r A s y 1~ ~

1 e: r R 1 c 
HE t, I G E 'i V A l.. :.J E S OF A S Y 11 ! ~ E T ~ l C 
0 E l G C 'i i/ t C T J ~ S Jr A S Y H: IE T R I C 
GO~.,..\ L EL E f 1 E ~.J T 5 0 F A •~ER ~I I T t AN 
T.RtA 1·iGiJLAR )EC0\1~0SITIO~J OF A 

•. ···.• · · f'\.e C " • 1 0 0 ~ l T I"' "1 ·'"' A S v ._, • • E· T n I C .. ·. · V•.,.. l, • 0 v l t t.J t' t l I "\ 

. I i'i:1 fJ A S I l,1 I L, A R R E A L S Y \~ > t E T q l C 
,, T'.R ! A"-:~ iJ"' AR ~ECO \l PO S I TIO: I OP A 

ljt~EiR!C ~1ATRtX ItJTO A Sl~il~AR 
· t·1 ~ E T R I : ~.( A T R I X I r .' T O A S I ti I L A Q 

· CECSOLTRI SOLVES A 
DEC50LTRIPIV SOLVES A 

. CS O L. S V MT~ 1 S 1) ~ VE S 4 SY~• t{ ET R IC 
· SOLTRI SOLVES 4 

SOLTRI?IV SOLVES A 
so Ls v '-i r Q 1 sot. v cs A s v Pi i 1 Er~ 1 c 

F E ~ ~ H E R ~ S Y · t S O L V E S A L, t r-1 E A R 
F E r IL A Gs K E .. : s a L y E s A L l r-i E A R 

FCML,AGSY"t SQL'vES A LINEA~ 
• FEMLAG SOLVES A LIHEAR 

· S Of; CO'~ P fJ S I T I O ~ Ar: 0 SOL.Vt 5 AN 
S O L S VD l.1 ~·JO S O L, \' E S At~ 

~1 T1tf,IAGO~lAL ~tAiRIX WlfICH IS 
TR A \JS f OR,.. A T 1 0 ~i I t·J T O A S I ,1 I L AR 
CO~•? Lt X EI~ E '·i VAL UC S OF' A RE AL 
VEt~ REAi.. EIGE~IVALUE OF A REAL 

CO~PLEX ElGE~VALUE OF A REAL 
FOR\! S A '-1 A TR I X ! : J T O A S I ~ I L. A R 
~1 A T I 1J ·I ! l ~ J T O A 5 I } ' ! L A R LJ t J I T A R y 

T ~, t E I GE'. :-; V AL J E S OF A C O ~ P L E X 
THE EIGE\~~ALUES 0~ A COMPLEX 

T E S T ~ E E I G E 1 J ~I A L, \J E S OF A RE A L 
ES A~D EIGENVECTORS OF A REAL 
SE OF A ~ATRIX AND l•NORM, A~ 
ON IS I~PROVEO ITE 0 ATIVELV AN 
S IMPR0~£D ITERATIVELY ANO AN 

ERBEL~ CALCtJLATES A ROUGH 
ATio~,s 4.~10 CALCULATES A ROUGH 

26/0t.l/71 
' 

TRIANGULAR DECO~POSJTlO;~ ANO CALCULATES TrlE l•NORM OF THE INVERSE ~ATRtX. 
T?. I f\ t.j GU L. A p· OE Ca "I' 0 S I T l O ~ 0 F A 8 A r~ O ~1 A T R I X , US I ... , G PA RT l AL. P I VO T l NG , 
TRIAt.'G!►ILAR DECOt'PJSITlOfJ Of A SYMt~ETRIC TRIDIAGONAL MATRIX, 
TRIANGULA~ DECO~POSITION OF A TRIDIAGONAL MATRIX, 
TRIA~GULA~ DfC04?0SITION OF A TRIDIAGONAL ~1ATRIX, USING PARTIAL PIVOTING, 
TRIANG'JLA~ DECO~POSITlON WITH A COMBINATION OF PARTIAL ANO COMPLETE PIVOTING, 
l R I A f JG UL A R P E C O \,~ P O S I T l O N W I T H PA A i I A k P I V OT I NG , 
TRIA'JGULA~ DEco~~POSITION WITH PARTIAL PIVOTING. 
TRIANGtJL4R OECO"POSITlOl·! ~ITHOUT PIYOTif~JG, . • 

TRIANGULAR OECO~POSlIOI~ OF THE MATRIX OF A SYSTEM OF ~!NEAR EQUATIONS ANO CALCULATES 
T R I A NC UL A R DO 11 A I 1✓ , . 
TRIAtJGLJL,ARIZATlO~.J WIT1i COLUMN I~JTERCHANGES ANO CALCU~ATES THE DIAGONAL OF THE INVERS 
TRJAPJGULARIZATJON WITti COLUMN ItlTERCHANGES OF THE MATRIX OF A ~INEAR LEAST SQUARfS P 
TRJAijGULAPLY 0ECOHPOSED DV OEC 1 
TR 11, ~JG u LA R L v o E c o ~,Pas r: o MA T R I x , 
T R I C t.10 C O :· 1 0 U T ~ S T HE D t: F' I ~, I T E l N T E G R A l. O F A F U t~ C T I ON O F T WO V A R I A BL E S O VE R A TR I A NG UL 
TR I D I AG C •-1 A\. HAT RI X 8 V >-1 EA ti S OF' l NV ER SC l TERA T I ON • 
TRIDIAGONAL MATRIX BY MEANS Of LINEAR INTERPOLATION USING A STURM SEQUENCE, 
T R l D I AGO t,1 A ~ M A T ~ t X By· ~1 f: A~~ S Or QR I T E R. A T I O N , 
TRlDlAGO~AL MATRIX BY HEA~JS OF OR ITERATION, 
TRIDlAGO~JA~ MATRIX WHICH IS UNITARY SIMILAR WXTH A GIVEN HERMITIAN MATRIX, 
TRI~IAGO~JA~ ~AT~IX, 
TRlOIAGO~A~ ~AT~IX, 
TRIO!AGO'JA~ MATRIX, 
T R I D I /, GO~ J A ~ MA T r{ I X , U S ! ~, G PA R T I AL. r> I V O T I NG 1 

lRl~IAGONA~ O~E ev MEANS OP HOUSEHOLDER'S TRANSFORMATION. 
TR Ir., I AGO f J A 1.. 0 'i E BY ~t EANS OF HOU Se: HOLDER ' S TR A "JS FOR~, AT ION 8 

TRIOIAGONAL SYSTEM OF LINEAR EQVATIO~S ANO PERfOP.MS THE TRIANGU~AR DECOMPOSITION WIT 
TP.IDIAGOtlAL SYSTE~1 OF LI~~EAR EQUATIOtJS A~~c PERrORHS THE TRIANGULAR DECOMPOSITION WIT 
TRIDIAGONAL SYSTE~ OF LINEA~ EQUATIONS AND PERFORMS THE TRIDIAGONAL DECO~POSITION, 
T R I O I A G O rJ A I. S Y S T E f i OF L I t IE A R E Q l1 A T I ON S T H E: TR I A ~GU L AR O E C O ~t P OS I T I O N B E l r.1 G G I V E N 1 

TRIDIAGO~JAI. SVSTE~t OF LltJEAR EQUA.TIONS THE TRlA1iGULAR OE.COMPOSITION BEING GIYEN 0 

TRIDIAGONA~ SYSTE~ OF LI~EAR 'EQUATIONS, THE TRIANGU~AR OECO~POSITION BEING ,xvEN, 
THD•~0??1T SDLJNDAAY•VALUE PROBLEt1 FDR A FOURTH ORDfq SELF•ADJOINT D1FFE~ENTIAL EQUATI 
TWO•POINT SOUNOAPYeVALUE PROBLEt1 FOR A SECOND ORDER OlFFERfNTIA~ EQUATION BY A RITZ• 
TWO•POtf4T 90UNDARYwVALUE PR09LE~1 FOR A SECO~D ORDER SELF•ADJOINT DIFFERENTIAL EQUATI 
T W O • P O I r J T 9 0 U ~, 0 A R Y • VA LUE PRO 8 L E ►1 F' 0 R A SE C O ~ID ORDER SE L F •AO JO I N T D I FF ER E N T I AL, ! Q U A T I 
Ur IDER DETER ~IN ED SYS TE t1 D F L I~, EA R E QUA T I ON S 0 
UNDEPJET!R~INEO SYSTEM OF Ll~1EAR EQUATIONS, MULTIPLYING THE RIGHTeHAND SIDE BY THE P 
u~,lOE~rLO~~ TESTS W!iETf1ER A VALUE IS AN Ut~OERFLOW VALUE, 
UtJITARY s1~1rLAR ~'!Tri A GIVEN lif:RMtTIAt-J M'-TRIX, 
UflITARY llF'~fR•t~ESSEtJBE:RG MATRIX WIT~i A REAL NONNEGATlV! SUBDIAGONAL, 
UPPER•HESSf~IBERG MATRIX BY MEANS OF DOUBLE QR ITERAT10N 8 

UPP E R •HE S S E t,1 fl E R G MA TR 1 X B Y ME A NS OF I N VE R SE I TE RA T I ON , 
UPPER•HtS3Et~6fQG ~ATRIX av MEANS OF INVERSE ITERATION, 
UPPER•~ESS!t:BERG MATRIX DY MEANS OF MIL~INSON 1S TRANSFORMATION• 
UPPER•HESSE:J~ERG ~~ATRJX WITH A REAL NON~EGATIVE SUBDIAGDNAL, 
UPPER•HESStNBERG ~ATRlX WITH A REAL SUBOIAGONAL, 
UPPER•HESSEtl8ERG MATRIX, 
UPPER•~◄ESSE~BERG MATRIX, PROVIDED TtiAT ALL ElGE~IVALUES AR~ REAL, BY MEANS OF SINGLE 
UPPER•HESSENBERG MATRIX, PROVIDED THAT ALL EIGENVALUES ARE REAL, BY MEANS OF SINGLE 
UPPERBOUNO FOR THE ERROR ZN THE INVERSE MATRIX IS ALSO G%YEN 1 

UPPCRBOUND FOR TtiE ERROR IN T~lE SOLUTIO~J lS CALCULATED, 
UPPER BOUND roR THE ERROR IN TrtE SOL UT ION ls CALCULATED. 
UPPERBOUND FOR TM! ERROR XN THE SOLUTlON OF A SYSTEM OF LINEAR EQUATIONS WHOSE MATRI 
UPPERBOUND FOR THE RELATIVE ~RROR lN THE CA~CULATED eOLUTION, 

• 
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l!J252 tJ5 
34320 75 
3q420 91 
34"423 81 
3U/J2o 81 
3U231 4S 
3lJ300 us 
34~28 83 
3'-'tJ25 83 
34242 lJ5 
3201':i 257 
!4135 65 
:S413a bl 
:s·uo s 1 "q 
3'4303 U7 
32015 257 
3t.i 152 1 l 1 
!U151 111 
3Q1b0 111 
341b1 111 
34364 105 
341.123 a 1 
3tJU20 91 
liJ:Sb3 105 
34~2b 81 
3'11'-ll 101 
34140 101 
3t.1~25 8:S 
l4428 83 
34422 q3 
3'4ll2U 83 
34427 83 
JIJ421 q3 
33'$0J ~6~ 
33302 2b3 
33JOO 2b1 
33301 261 
:Sl.1283 b9 
Jq282 b? 
30009 275 
3~364 ·1 OS 
3Q3bb 107 
31J1~0 115 
3'4181 115 
30191 11S 
3LJ170 10:S 
!LJ3t6 107 
llJ372 121 
3LJ373 121 
34180 115 
l418b 115 
:sq24q s1 
3U253 53 
3£1254 Sl 
3U241 ~5 
:Sl.l~Ql "c; 
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K1JIClt~OEX 2b/OIJ/11 
• • 

• 

R EQUATIONS ANO CALCULATES AN UPPERBOUND FOR THE RE~ATJVE ERROR IN THE SOLUTION OF THAT SYSTEMa 
VALQRICO~ CALCU~ATES THE EIGENVALUES 0~ A C0~1PLEX UPPER•HESSENBERG MATRIX WITH A REA 
VA~SVMTRI CALCULATES ALL, OR SOt1E CONSECUTIVE, EIGENVALUES OF A SYMMETRIC TRIOIAGONA 
YAN WIJNOAARDEN TAANSFOR~ATION, . 
VECPERH PER ►1UTES THE ELEMENTS Of A GIVE.N VECTOR ACCORDING TO A GIVEN PERMUTATION OF 

. VECSYMTRI CALCULATES EIGENVECTORS OF A SYH~ETRIC TRXOtAGONA~ MATRlX BY MEANS OP INV! 

LY OECREASt~IG TERMS USt~lG THE 

LATE$ THE SCALAR PRODUCT o, A YECT~R AND A co~u~,ij VECTOR av DOUBLE PRECISION ARITHMETIC, ·• 
LATES THE SCALAR PRODUCT OP A VECTOR ANO A RON VECTOR BY DOUBLE PRECISION ARITHMETIC, 
VECVEC Ji SCAL4R ~ROOUCT OF A VECTOR AND A VECTOR, . 

DU PC O L VE C C OP I ES A VE C TOR 1 ~l T O A C O LU ~1 !~ VE C TOR • 
OUPR1WVEC cor?~S A VECTOR INTO A ROW VECTOR, 

St IC O •1 CO~ TRANS FOR ri S A CO,~ PL, EX VECTOR It~ TO A VE C TOR PROPORTION Al, TO A UN 1 T V CC TOR, 
ES A CO~STA1T MULTIPLIED 8Y A VECTOR INTO A VECTOR, 

DUPVEC COPIES A VECTOR INTO ANOTHER VECTORe 
OLVEC ADDS A CO~ISTANT TI~•ES A VECTOR TO A COLUMN VECTOR• 
OHPLEX NUMBER Tlt4ES A CO~PLEX VCCTOR TO A COMPLEX ROW VECTOR, 
0 W VE C AO OS A C O ,' t S T A r~ T T I t.t E S A VE C T OR TO A R O w VE C T OR , 
l. ~ 1 V EC A i; 0 S A C O ~~ 5 T 4 • J T · T I )" E S A V EC T n R TO /4 V ~ C T OR 1 

I~IVEC l~lITIALIZES A VECTOR HITH A CONSTANT. 
u I.. A T E s T 4 E I ~' F ! -~ I T y .. "-JO R ~ i O F A V CC T OR I 

• 

EC CAL. C J L A TES T ~1 E 1 • J\J O ~ t 1 0 F A Vt C TO~ , 
TES TliE SCA~AR PRODUCT or TWO YCCTORS BY OOUB~E LENTGH ARITHHETXC. 

VECVEC :; SCALA~ PRODUCT OF A VECTOR AND A VECTOR, 
r s c o'' "' 'J r E s T }1 e: A a s c I s s A E A ~ o w E. 1 c ~t T s r o q c A u s s • J A c o a I Q u A o R A Tu RE • . 
TS col:PJTES T~iE ABSCISSAE AND WEIGHTS FO~ GAUSS• LAGRANGE QUADRATURE. 
E C R E A S t 1 G T E: R 'i S ll S t ~ G T HE VAN W I J ~ I G A A ROE '4 T R A 'JS F OR HA T 1 0 N , . 
H E S 5 E : • 8 ERG 1 A T R l X 8 V ~1 E A "IS OF W I L K I 'l S ON ' S T R A ~~ Sf' 0 R ~AT I O ~ I e 
~-:os ( 1·1 A GIVE~·I 11-,re:RVAL) A zc.~o OF A PUtJCTIO"! or ON! VARIABLE USING VAL.LIES OF THE FUNCTION ANO OF ITS OERIYATIV 
NOS C 1:1 A GIVE~~ I~T~RVAL) A ZCRO OF A ,~~CTIO~ OF ONE VARIABLE, 
t~OS C I·l A GIVE~I t•tTERVAL) A ZER() OF' A FUNCTIO'·J OF 0'-JE VARIABLE, · 

A!RVZEROS C0 4 PUTES THE 
POLZER1S CALCULATES ALL 

_ A LL Z Er~ 0 t~ f? •.) L. C ,\ LC 'J L A r ES ALL 
ER OF A :, J 1~ CE '·J T LIPPER O ~ L. 0 WE~ 
L. CU t.. A TE S 1\ ~1 :J '18 ER OF AO J 4 C E }/ T 

0 li ~ ~, R i-4 COL. C A L, Cu LA TE. s THE 
O~[~R•J~AT CALCULATES T~E 
ONE~R~RDW CALCULATES THE 
O~ENR~VEC CA~CULATES THE 

OMPOSITIO,·J A~J:, CALCULATES T~1E 
O'-:E~RMINV CALCULATES THE 

S TiiE lNVE~SE OF A MATRIX AND 

• 

. Z E R O I N F' I •IO S C I ~4 A G I V E N I N T ERV A L. ) A % ERO Or A FUN C T I ON OF ONE VA R I AB L E 1 
ZER~I~IDER FlNDS C lN A GIVE~ JNTERVAL) A ZERO OF A FUNCTION OF ONE VARlABL! USING V 
ZERO?NRAT FltlDS ( IN A GIVEN INTERVAL) A ZERO OF A FUNCTION OP ONE VARIABLE, 
ZtRnS A~D ASSOCIATED VALUES or THC AIRY FUNCTIONS Al(Z) AND Bl(Z) AND THEIR OERIYATI 
ZEROS OF A PO~Y~or11AL WITH REAL COEFFICIENTS, 
Zf.RCS Or AN ORT:iOGOf➔ A~ POl.YNOtltALe 
ZEROS OF A~ DRT40GONAL POLVNOHtAL, 
ZEROS OF AN ORTHOGONA~ POLVNOHlAL, 
!•NORM OF A COLUMN VECTOR, 
1 •NOP. M OF A ~•AT RIX 1 . 

1•NORH OF A ROW V~CT0A 1 

~ATRIX, 
t•NORM OF A YtCTOR, 
l•N □ RX OF TtiE I~VERSE 
l•NOR~ OF THE I~VERSE 
1•NO~M, AN UPPERBOUND 

OF A MATRIX WHOSE TRIANGULARLY DECOMPOSED FORM IS DELIVERED SY 
FOR THE ERROR IN THE INVERSE MATRIX rs ALSO GIVEN, 

• 

• • 
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342"2 45 
3ij372 121 
34151 111 
32020 131 
3b404 2.97 
3l4152.111 
34U12 285 
3lJll11 285 
3U010 T 
l10l" :S 
31012 l 
3lJ355 23 
31020 5 
31010 3 
34022 9 
34318 25 
l/J027 q 
5U020 q 
11010 1 
11061 2~1 
31065 2u1 
!tl410 285 
li.1010 7 
11425 291 
l1427 zq1 
32 O 2 O 1.31 · 
34170 103 
3lllJS3 233 
34150 21S 
54lJ3b 215 
3'1150 215 
l"453 233 
l4tt3b 215 
35145 243 
li.1500 2oq 
:S13b2 211 
11363 211 
3136/J 211 
l10b7 2U1 
!10b8 241 
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110&6 '21J1 · 
11065 241 
3'1252 us 
34240 45 
3421.+ij 51 
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• 

CO~TE~TS OF KAIClf1DEX 21)/0IJ/77 

• 

30001 275 ~~ASE DELIVERS THE BASE OF THE ARITHMETIC OF THE COMPUTOR, 
30002 Z75 •R~E6 DELIVERS THE ARIT~tMETIC ERROR SOUND or THE COMPUTOR, 
3CD03 275 0~6RF OELlVERS TM! S~ALLEST ( I'! ABSOLUTE VALUE ) REPRES!NTABL! REAL NUMBER, 
]O~OU 27S OIA·~T OELIVERS lHE LARGtST REPRESEtJTABLE REAL NUMBER, 
SOC-OS 27S 1:1rcAP DEL.IVERS THE I~!TEGER CAPACITY, 
3000& 271 PI DELIVERS A rULL PRECIStOrJ APPROXl~IATIOtJ TO PI= 3,14 ••• 
30~07 271 E ~ELIVE~S A rULL PRECISIO~ ArPQOXIMATION TOE; 2,11s ••• 
:; 0 0 0 8 2 7 c; 0 \IE RF I.. 0 W T E S T 3 ti \of E T ~IE R A V A l. l_l E I S A ~ D VE ~ f LOW VAL U E , 
3oooq i75 u~,ERFLQ~1 TESTS WHETHER A V4LUE IS AN UNDERFLOW VALUE, 
3 1 0 1 O t l ~~ I VE C I ~J I T I A L I Z f S A Ve C T OR W t T t f A C O N 5 T A t t T , · 
31011 1 l'1It~4T I~~ITIALIZES A MATRIX WIT:f A CONSTAt4T• 

PAGE 

• 

·. 31012 1 l~IMATD It~tTIALIZES A CCO)OIAGO!JAL OF A MATRIX, 
3 1 o 1 l . l I 'I I S V t 1 D I ~~ l T I AL l Z t S A C C O ) D I AGO: I AL OF' A S Y ~1 ~1 E TR I C MA T R I X , WHOSE UPP E R T R l A NG L, E I S S T OR ED C O LU MN W % SE 1 N A O NE• 0 l ME NS I ON A L 

31014 
31020 
31i•Zl 
31022 
310 3;~ 
31031 
31()32 
31033 
31034 
31035 
310',&0 
31042 
31043 
310'14 
31045 

31046 
11047 
31050 
l10bl 
l10b2 
31063 
·310 ~ 4 
31C65 
ll0b6 
l10o7 
l10b8 
l10bq 
31070 

·hKRAY, , I 

1 llJlSY·~ROW J··JITIALIZES A R()\~ Or A SYn~IETRIC ~,ATF?lX, WHOSE UPPERTRIANGLE IS STORED CO~UtiiNWISE IN A ONE•DIMENSIONAL ARRAY, 
5 '-t J L VE C S TOP E S A C O I.J $ TA N T 1

' LJ L T l PL I E O B V A V F. C T OR I N TO A VE C T OR • . 
5 ~JLRO~ STO~ES A CONSTANT l 4ULTlPLIEO BY A ROW VECTOR INTO A ROW YECTOA, 
! ~ULCOL STO~ES A CONSTANT MULTIPLIED av A COLUMN VECTOR INTO A COLUMN VECTOR, 
l OJPVEC COPIES A VECTOR INTO ANOTHER VECTOR, 
3 ') JP V E C RO ~ C OP I E. S A RC r·I VE C T OR I t I T O A VE C TOR • 
3 DJ 0 RO,~VEC COPIES A VECTOR INTO A ROW VECTOR, 
l OJ"\' EC COL COP IE. S A COL lJ !1 f'I VE C TOR I ,1 TO A VE CT Cl R • 
3 OJ~co~VEC COPIES A VECTOR I~TO A COLU~N VECTOR, 
3 0Ji"':1AT COPIES A "1ATRIX INTO At~OT!-tER MATRlX, 

245 POL EVALUATES 4 POLYNOMIAL. 
22() C~EPOL. EVALUATES A CMCBYS~iEV POL.Yf~O~!AL, 
229 4LLC~EPOL EVALUATES ALL Ct~EBVSHEV POLYNOMIALS UP TO~ CERTAIN DEGREE. 

• 

293 ORTPOL EVALUATES THE VALUE OY A'I N•OEGREE ORTHOGONAL POLYNOMIAL, GIVEN BY A SET OF RECURRENCE COEFFICIENTS, 
Z93 A~LORTPOL EVALUATES TfiE VALUE OF ALL ORTHOGOt,AL POLYNOMIALS UP TO A GIVEN DEGREE, GIVEN A SET OF RECURRENCE 

c :J E F' r: I e IE~; rs, · 

• 

2 2 9 C ~~ E POLS E ~ EV AL. U A TES A C l·i EA VS~ EV SER IE S • 
293 SE~ORT~OL EVALUATES A FINITE SERIE! EXPRESSED tN ORTHOGONAL POLYNOMIALS, GIVEN BY A SET OF RECURRfNCE COEFFlCI!NTS, 

41 \J:: ,, G ~ ~ TR A NSF OR ~t 8 A POL Y NO~' I AL F ROH THE NE I~ TO t~ F' 0 RM I ~l TO TH! GRUNERT FOR H • · 
2 4 1 I. 'J r .l J q ,, v E c c .~ L c L' L A T E s r H e I • J r x "l ? r v • t,J o R \, o r A v E: c T o R • 
2 4 , I ~~ r ,J et • • Q o ~ c A L c u L 4 r E s T 1-◄ E I r-,1 F I • .J I r v • , J o ~ , 1 o F A R o w v E c r o R • 
, q 1 t ~ r: ~, R l( c a L c A L c 11 L A r e s . T H E I • , F I , 1 I T v • ~ o R t4 o F A e o L u M N v E c T o R • 
241 I:lr:-~:R~~'~AT CALCUL4TES Tri£ I'4f'I~IITYnNOR"1 OF A MATRIX,. 
241 O'iE'~R~·IVEC CAL.C 1JLATES THE 1•1·l0RM or A VECTOR, 
2 4 1 0 ·~ E '11-( '1 RO w C A LC UL A T E: S TH t: 1 • '·l OR~ f Or A RO W VE C TOR , 
c q 1 0 ~~ E '~ R ~ i C O La. C A LC LJ L ,\ T ES THE 1 • ~ 0 R ~• 0 F A C O LU•~ ~J V f C TOR • 
2 4 1 0 '1 F. ,; R '1 ~1 A T C A LC UL A T E S T HE 1 • ~ J ORM D F A ~ A T R I X , 
241 •asl11i~,, CALCllLATES THE ~10DULUS OF THE LARGEST ELEMENT OF A MATRIX AND DELIVERS THE INDICES o, THE MAXJHAL ELEMENT, 
2~Q HS~VECHAT PRE:!ULTIPLICS A HATRIX BY A HOUSEHOLDER MATRIX, THE VECTOR DEFINING THIS HSH MATRIX BEING GIVEN IN A 

O'~E•r,l\tf◄ tlSIO"lAL. ARRAY• . 
31 O 7 1 2 6 q , S :,t CO i. '1 AT f' RE' I UL TI PL It S A M 4 TR l X BY A HOUSE HO LOE R MAT RI X, THE VE C TOR OE P' I r~ l NG TH I S HS H MAT RI X BEING G I VEN AS A COLUMN 

t 'l A T w Ow D I ~, E 'I S I ON A L ARR A Y e . 
• 

31072 2~9 rlS~RO~~AT PRE~1ULTIPLIES A ~1ATRIX av A HOUSEHOLO~R MATRIX, THE VECTOR DE,INING THIS HSH MATRIX BEING GIVEN AS A ROW IN A 
T~O•DI'4ENSIOIIAL A~RAY, 

31073 2b9 HS~VECTA•~ POST~ULT?PLIES A MATRIX BY A HOUSEHOLDER MATRIX, THE VECTOR DEFINING THIS HSH MATRIX BEING GIVEN I~ A 
0'jE•Dl~E~JSI0~4AL AqRAY, 

3107Q 2b9 ~S~CO~TA~ POST~U~TIPLIES A MATRIX BY A HOUSEHOLDER MATRIX, THE VECTOR DEFINING THIS HSH MATRIX BEING GIVEN AS A COLUMN 
I \~ A T WO• D I ~t E: l S 1 0 ~ AL. 4 RR A Y • 

3107$ 2&9 1S~ROATA\i POST~ULTIPL?ES A ~ATRIX BY A HOUSEHOLOER MATRIX, THE VECTOR OEFlN?NG THIS HSH MATRIX 8EING GIVEN AS A ROW IN 
A TWu•DI--iENSIQtJAL, ARRAY, . 

31090 203 S!'~SER EVAL!JATES A SIIJE SERIES, 
11091 201 COSSER EV4LUATES A COSINE SERIES, 
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. 31092 203 FJUSER EVALUATES A FOURIER SERlES WITH EQUAL SINE ANO COSlN! COtFPtClENTS, 
31093 2~3 FOJSE~1 EVALUATES A FOURlE~ SERIES, 
31094 203 FJUSER2 EVAL!JATtS A FOURieR SfqIES, 

. 31o;s 203 co·~FOJSER EV4LlJ4TES A COMrLEX roJ~IER SERIES WITH REAL COEFFlCIEr~rs. 
310:;,o 2:l3 CJ'~F'o~JSE~l EVALlJATES A co•~~L,F.X F~URlER SEf~IES, 
310~7 2~3 ca~FOUSEqz EVALUATES A COYP~EX FOURIER SERIES. 
31100 259 LSGREATOOECl COtJVE~TS A OOL'3LE PRECISIOtJ t1U~IBER TO ITS OECI~tAL REPRESENTATION, 
11101271 OPADD ADDS T~O SINGLE PRECISIO~ ~UMBERS TO A DOUBLE PRECISION SUM. 
31102 271 OPSUB SU9TRACTS TWO SINGLE PRECISIO~ ~U 4 BERS TO A OOU6LE PRECISION OIFFERENC[ 1 

31 t 03 271 ')PHU!.. ~'UL T!PLIES f\JJQ Sit~GLE PRtC IS JON NUt-lBERS TO A OOUSL·t PRECISION PRODUCT• 
3110't 271 ,?~IV DIVIDES TWO SINGLE PRECISlJN NUMBERS TO A OOU6LE PRECISION QUOTIENT, 
31105 271 LSGAOD A?DS TWO OOUOLE PRECISION ~U~SERS. 
3 11 0 b 2 7 1 L :-J.G SU 8 S U B T R A C T S T WO DOUB LE PRE C I S I ON t~ UM B E RS • 
3 1 l o 1 2 71 L ~ G '-i UL. t1 U l. TIP 1.t IE: S TWO O OU 9 LE PRE CI SI o ~ !\JU ~t BERS • 
11108 271 LNODlV OIY?DES TWO DOUBLE PRECISION NUHaERS, . 
31109 271 JPPOM COt1PUTES T~E DOUBLE PRECISION POWER OF A SINGLE PRECISION NUMBER. 
11110 271 L~GPO~ COMPUTES THE DOUBLE PREClSIO~ POWER OF A DOUBLE PRECISION NUMBER, 
31131 · S COLCST MULTlPLtES A CO~UMN VECTO~ BY A CONSTANT, 
31132 S ~o~csr MULTIPLIES A RO~ VECTOR ev A CONSTANT. . . 
3120 o 201 L~IG INT ADO C01-4PUTE S THE SU'f OF LO 'JG NONNEGATIVE 1 Nt'EGERS • 
31201 201 L'JGI~TSUnTRACT COMPUTES TtiE DtFrERENCE OF LONG NONNEGATIVE tNTEGERS, 
3 1 2 O 2 2 O 1 L. ~4 G I t-~ T "4 UL. T C O :-1 P U TE S T ff E P R O OU C T OF ~ 0 "JG t.J ON~~ EGA T I VE I N TE GERS • 

· 31103 201 L~GI ►ITDIVIOE co~PUTES THE QUOTlE~T WITH REMAINDER OF LONG NONNEGATIVE INTEGERS, 

PAGE 

• 

3120U 201 ~NGI~TPOWlR COMPUTES Ut*POWER, W~ERE UIS A LO~G NON~IEGATIVE INTEGER AND POWER IS THE POSITIVE ( StNGLE•LENGTH) 
,XPOf'.l~~JT • 

31241 2QS TAYPOL EVALUATES THE fIRST K TER~S Of A TAYLOR SERIES, 
31242 2q5 NOROERPOL EVALUATES TIIE FIRST K ~OR~A~IZED OERIVATlYES OF A POLYNOMIAL ( %,E, J•TH DERIVATIVE/CJ FACTORIAL) ), 

11243 245 
312lJ8 205 
313b2 211 
lllb.3 211 
31lo!.1 211 
31425 zq1 
31427 ,q1 
31500 15 
31501 15 
31502 15 

J;0,1 1 , 1 ,,K (~ DEGREE, 
Dfqpo~ EVALUATES THE flR&T K DERIVATIVES OF A POLYNOMIAL 
INTc~,s C0~1PUTES THE I~lDEFI~JITE I~TEGRAL OF A GIVEN CHCBYSHEV SERIES. 
ALLZEf~ORTPO~ CALCULATES ALL ZEROS Or A~ ORTHOGONAL POLYNOMIAL, 
~jPZE~ORTPOL CALCULATES A ~JU'~BER OF ADJACCNT UPPER OR LOWER ZE~OS or AN ORTHOGONAL POLYNOMIALt 
S~LZE~ORTPOL CALCULATES A ~UMUER OF AOJACENT ZEROS OF A~ ORTHOGONAL POLYNOMIAL, 
GSSJACWGrfTS CO~IPLJTES THE ABSCISS4E ANO WEIGHTS rOR GAUSS• JACOBl QUADRATURE, 
GSSLAGWG~TS C0'1PLlT[$ THE A~SCISS~E A~O AElGHTS FOR GAUSS• LAGRANGE QUADRATURE, 
F~L1ATVEC CALCULATES THE PRODUCT A* 6, WtiERE A IS A GIVEN t14TRIX AND B IS A VECTOR, . 
FULTAHYEC CALCULATES THE PRODUCT A' * B, WtiERf A' IS THE TRANSPOSED OF THE MATRIX A ANO 8 lS A VEtTOR 0 
FULSVM~ATVEC CALCtJLATES THE PROOJCT A* B, ~'HERE A IS A SYMMETRIC ~1ATRIX, WHOSE UPPERTRIANGL! IS STORED COLUMNWISE IN A 
0 ·~ E • D I l~ E ~ l S I O t I A L A q R A Y A f ·4 D B I S A \I E' C T O R 11 

31503 
3150!J 

15 ~ESVEC CALC~LAlES Tt!E RESl~~AL VECTO~ A• B ♦ X * C, WHERE A lS A GIVEN MATRIX, BAND CARE VECTORS AND XIS A SCALAR, 
IS SY ➔ RESVEC CALCULATES THC RESIDUA~ VECTOR A* B + X * C, WHERE A IS A SYMMETRIC MATRIX, WH08E UPPERTRIANGLE IS STOR~D 

C :, L U 't .'~ w I SE I ~J A O t~ E • 0 I M E ~i S I O t J A L A q R A Y , B A r~ 0 C A R E VE C TORS AND X I S A 5 C A L A R , 
11505 285 L~lGFULMATVEC CALCLJLATCS BY 00U9LE PRECISION ARITH~ETIC TME PRODUCT At 6, WHERE A IS A GIVEN MATRIX ANO B 15 A VECTOR, 
31506 2as LNGfULTA4VEC CALCULATCS BY DOU8LE PRECISION ARITHHETIC THE PRODUCT A1 • a, WHERE A' IS THE TRANSPOSED OP THE MATRIX A 

A.:IO S ? S A. VECTOR e 

31507 285 1.!JGF 1 .. ll.,SY·~r~ATV(C CALCULATES BY oouaL, PRECISION AR1Tt·f!1ET!C THE PRODUCT A* B, WHERE A IS A SVMt-1fTRIC MATRIX, WHOSE 
UPP E ~ T R I A t ! G L E t S S T OR t O C O L U ~, ~-1 lil t SE I N A Or J E • 0 I HEN S I ON AL A R f:? A V A t~ D a t S A VE C T OR 1 

31508 285 ~'1GRESVEC CALCl.tL.A.TES ~y Or'U8LE PREClSIOt~ ARITr¾METlC TfiE RF:SIOlJAL. VECTOR A * 6 + X * C, WHERE A IS A GIVEN MATRIX, B AND 
C ARE VECTORS A~JD X IS A SCALAR, 

31509 2as L~GSY\1PESVEC CALCULATtS BY DOUBLE PRECISION ARITHMETIC THE RESIDUAL VECTOR At B + X * C, WHERE A IS A SYMMETRIC 
~ATRlX, ~HOSE lJPPfRTRIA~IGLE JS STORED COLUMNWISE IN A ONE•OIMENSlONAL ARRAY, B ANO CARE VECTORS AND XIS A SCALAR, 

3ao10 131 EOLCR PERFOR 11S Tt4f SUHMAllON OF 4N ALTERNATING lNFINITE SERlES. 
32020 131 SU~?OSSEqIES PERFORttS THE SUMMATION OP A INFINITE SERIES WITH POSITIVE MONOTONICALLY DECREASING TERMS USING THE VAN 

~IJ~GAARDEN TRANSFORMATION, 
32051 135 INTEGRAL CALCULATES THE DEFINITE INTEGRAL OF A FUNCTION OF ONE VARIAB~E OVER A FINITE OR INFINITE INT[RVAL OR OVER A 

~U~6ER OF CONSECUTIVE INTERVALS. 
• 

2 

I: 
n 

N 
I 

t:1 
0.. 

~ 
~ 
H 
C/'J 
H 
0 z .. 
...... 
\.0 ......, 
........ 



t 

CO•~ TE;~ TS OF ~ w I C l t ~ 0 EX 26/04/77 PAGE 

32070 133 ~ADRAT COMPUTES THE DEFlNITE INTEGRAL OF A FUNCTION OF ON! VARIABLE OVER A FINITE INTERVAL 1 
3 Z O 15 Z 5 7 T R I C U 6 C O '1 PUT E S THE O CF l N I TE I ~-1 T E G R A l. Ct F A F U f·J C T I ON ·o F T 1'j O VA R I AB LE S O VE R A T R I A NG UL A R O O MA I N , 

. ·. 33010 141. ~'<1 ~JLVES A SitlOLE 1ST Ort~E~ DIFFERE\ITIAL EOUATIO ►~ BY ~tEANS OF A 5TH ORDER RUNGE•KUTTA METH00 8 
· 13012 .171 RK2 INTEGRATES A SltJGLE 2ND OROEq OIFfERENTIAL EQUATION C ItllTIAL VALUE PROBLEM) BY MEANS OF A 5TH ORDER RUNGE•KUTTA 

•~ET rlO!i • 
. ]3013 173 ~K2~~ SOLVES A SYSTEM OF 2110 ORDER OlFrERENTIAL E0UATIO~JS ( INITIAL VALUE PROBLEM) BY MEANS or A 5TH ORDER RUNGE•KUTTA 

• ~Er~oo. . 
33014 175 qKJ SOLVES A SINGLE 21:0 ORDER DIFFERENTIAL EQUATION C INITIAL VALUE PROBLEM l BY MEANS OF A 5TH ORDER RUNGE•KUTTA 

~1 r; THO D f T ti I S f 1 E T ~~ 0 0 C At, 0 ~ ! LY BE JS ED I F T t IE RI G HT HAND S I DE OF' THE O I FF ERE NT I AL E QUA T l ON DOE S NOT OE PEND ON V 1 
1 

33015 177 RK3l1 SOLVES A SYSTEt1 OF 2rJo ORDER DIFFERENTlAL E0UAT%0fJS ( INITIAL VALUE PROBLEM) ev MEANS OF A 5TH ORDER RUNGE•KUTTA 
. ·~!ETHODs THIS 1·IETHOD CA~~ OtlLY BE USED lr TriE RIGHT ~tAND SIDE OF' THE DIFFERENTIAL f!QUATIONS DOES NOT DEPEND ON Y1 e 

. 3 3 0 1 b 1 q 5 R ~ !J 4 SOL VE S A S I '.J G L E 1 ST ORD E R D I f f E R E ~i T I A L E f1 U A T I O 11 B Y ~, E At JS OF A 5 T H ORD E R RUNG c • K U T T A ME T HOD t THE I N T E G RA T I ON I S 
. T E R '-1 l \ i .A T E O A S SO O ~J A 5 J,. C O' t D I T I O ~ 0 ;~ X A ND Y , W H I C H I S S UP? L I ED B V T H E US E R , I S S A T I S F I ED 1 

13017 1q7 R~Q~A SOLVES A SYSTEM OF 1ST ORDER DirFERENTIAL £QUATIO~·IS ( INITIAL VALUE PROBLEM) BY MEANS OF A 5TH ORDER RUNGE"KUTTA 

• 

'i~TtiO)s TffE lilTt,GRATION ts TER~1I'IATED AS SOON AS A CONDITION ON X [OJ, .,,,x CNJ I SUPP~IED BY THE USER, IS SATISFIED, 
·33018 149 RKS~A SOLVES A SYSTEM or 1sr ORDER DIFFERENTIAL EQUATIONS C ItJITIAL VALUE ~ROBLfM) BY MEANS OF A 5TH ORDER RUNGE•KUTTA 

4 ETr·IODJ TtiE ARC LE~JGT!f IS I~lTROOJCEO AS Al~ I~J.fEGRATlOr~ VARIABLE, THE INTEGRATION IS TERMINATED AS SOON AS A CONDITION 
D~ Xtol,.,.,XtNJ , SUPPLIED av T~E USER, IS SATISFtao,. 

33033 141 ~KE SOLVES A SYSTEM OF 1ST ORDER DIFFfRE·NTIAL EQUATIONS C INITIAL VALUE PROBLEM) BY MEANS OF A 5TH ORDER RUNGE•KUTTA 
H E T 1--1 0 r> , . . · 

33040 1&7 ~ODIFlED TAYLOR SOLVES A SVSTC~ OF 1ST ORDER OJFFERENTIAb EQUATIONS ( INITIAL VALUE PROBLEM) BY MEANS OF A 1ST, 2ND OR 
l RD O !~DE: R O '-l E •STEP TA Y LOR ~ e T, j O O r T H I S ~1 E THO O CAN BE US t O TO SOLVE LARGE AN 0 SP AR SE S Y ST e: MS , PROV IO E O H I G HER ORO ER 
DERIVATIVES CAN EASILY SE OSTAINEO, 

33050 169 EXPOJ~CNT?4LLY FITTED TAYLOq SOLVES A SYSTEM OF 1ST ORDER DIFFERENTIAL EGUATIONS C INITIAL VALUE PROBLEM) BY MEANS OF A 
VARlABLE ORDER TAYLOR METHOD, THIS METHOD CAN ~E USED TO $0LV!. sr1,, SYSTEMS, WtTH KNOWN [lGEN VALUE SPECTRUM, PROVIDED 

· H I Gr i E R ORD E R D E R I V A T I VE S C A \J EA S ! L V B E OB T A I ~~ l O , 
33-0bl 155 ARK SJLVES A SYSTE~ Of 1ST ORDER OIFFERE~TIAL E~UATIONS ( tNlTIAL VALUE PROBLEM) SY MEANS OF A STABILIZED RUNGE•KUTTA 

'-IE:f 110J i4!ITH Lit1ITEO STORAGE REOUIRE!1E~TS• 
330&b 295 ARK~AT SOLVES A SVSTEPI OF 1ST OROER DIFFERENTIAL EQUATIONS ( INITIAL 80UNDARY•YALUE PROBLEM) BY "EANS OF A STABILIZED 

RJtJGE•KUTTA ~IETHOD, IN PARTICULAR SUITABLE FOR SYSTEMS ARISING FROM TWO•DIMENSIONAL TIME•DEPENDENT PARTIAL DIFFERENTIAL 
E~UATIOtJS, . 

33070 157 EFRK SOLVES A SYSTEM OF tST ORDE~ DIF,ERENTIAL fQUATIO~S C IijITIAL VALUE PROBL!H) ev MEANS o, A 1ST, 2ND OR JRD ORDER, 
E X P ONE r I T I O ~l AL L Y F' l T TEO RU I l G E • K UT TA M E T HOO 1 AU TO ~t A T l C S T E PS t Z E C O ~J TR O ~ t S NO T PROV I OE D t TH l S ME T HOO C A N BE U SEO T O SOL \I E 
S T I r F s Y S TE :1 S W I TH K ~JO W ~, E I GE r~ VA L. U E SPEC TR UM • 

33060 151 ~WLTISTCP SOLVES A SYSTEM OF 1ST OQOER DIFFERENTIAL ECUATIONS C lNITtAL VALUE PROBLEM l BY MEANS OF A VARIABLE ORDER 
• 

MU L T t 5 T E P ,., f Tri O l' A O A ~1 S" rl OU L T O ti , l D A M S • 8 A ~ ti FOR TH O R GE A R ' S ME T ~f OD J THE ORO ER OF AC C UR A C Y I S A UT O t~ A T I C , UP TO 5 T H ORD E R r 
T:iIS r1ETi-.tOO I$ SUITAflL,E FOR STIF'F SYSTE~1S, 

33120 161 EFERK SOLVES AN AUT0'40MOUS SYSTE~ or. 1ST ORDER OIFFERENT?AL EOUATIO~JS ( INITIAL VALUE PROBLE~) av MEANS OF AN 
EXPO~EtlTIALLY FITTED, 3RD ORDER RUNG£aKUTTA ~ETHODt THIS METHOD CAN BE USED TO SOLVE STIFF SYSTEMS WITH KNOW~ 
EIGENVALUE SPCCTRU~. 

· 3 3 1 3 1 1 o 5 I. ! ~4 I G ~ R 2 SOL. VE S A t" A UT Of~ O ! 101J S S Y S Te M OF 1 ST ORO ER O I F F' E RE NT I A L E QUA T I ON S C I N l T I AL V A LUE PRO 8 L E M ) 8 Y ME A NS OF A N 
l'fPL,ICIT, EXPONE~TIALLY FITTED 1ST ORDER ONE•STEP ~ETHODJ AUTOMATIC STEP•SlZE CONTROL IS NOT PROVIDEOt THIS MfTHCO CAN 
SE USED TO SOLVE STIFF SYSTEMS, 

3 l l 3 2 2 21 t..1 "·I I G E R 1 V S Sa L VE S A t·J AU T O ~ '0 \1 OU S S Y S T f M OF 1 ST ORO E: R D l Fr E REN T l AL E Q lJ A T I ON S ( I N I T I A L \I AL U E P ROB L E M ) 8 Y ME A NS 0 P" A N 
I'1PLICIT, EXPONENTIALLY FITTED 1ST ORDER ONE~STEP METHOOJTHIS METHOD CAN BE USED TO SOLVE STIFF SYSTEMS, . 

33135 23i IM?EX ·SOLVES AN AUTONOMOUS SVSTE~ OF 1ST ORDER DlrFERENTIAL EQUATIONS C INITIAL VALUE PROBLEM) BY MEANS OF THE 
1:1P~ICIT ~IDPOINT RULE WITH s~1nOTHtNG ANO EXTRAPOLATIONt THIS METHOD IS SUITABLE ,o~ THE INTEGRATION OF STIFF 
0 I F f e: R E t ~ T I A L E :1 u A T I C ~., S • . 

33lb0 159 EfSl~K S~LVES AN AUT0~1or1ovs SYSTEM o, 1ST ORDER DIFfEREt~TIAL EQUATIONS C INITIAL VALUE PROBLEM) BY M!ANS OF A 3RD 
ORDER, EXPONE:JTIALLV rITTED, sE,'I•I~PLICIT RUNGE•KUTTA METHOOJ THIS METHOD CAN BE USED TO SOLVE STIFF SYSTE~S. 

33170 225 RIC~A~~OSOfJ SOLVES A svsre~1 OF Lt~EAR EQUATIONS WITH POSITIVE REAL EIGENVALUES C ELLIPTIC BOUNDARY VA~UE PROBLEM> BY 
i.4 g 4 '~ S OF A ~JO I~• S TA T I O t l ARV 2 ~ 0 OR , t R l T ER A T I VE ~ETH OD 1 

33171 2ZS ELI'1I~l4Tl0tl SOLVES A SYSTCM OF LINEAR EQUATIONS WITH POSITIVE REAL EIGENVALUES ( ELLIPTIC BOUNDARY VALUE PROBLEM l BY 
'fEANS OF A NOfl•STATlOtJARY 2~10 ORO£R ITERATIVE "1ETHOD, WHICH IS AN ACCELERATION OF RICHAROSON 15 METHC0 6 · 

3~180 153 OIFFSYS SOLVES A SYSTEM OF 1ST ORDER DlFrERENTIAL EQUATIONS ( INlTlAL VALUE PROBLEM )1 ev EXTRAPOLATION, APP~lEO TO ~ow 
ORDER RESULTS, A HIGH ORDER OF ACCURACY IS OBTAlNE01 THIS METHOD IS SUITABLE FOR SMOOTH PROBLEMS WHEN HIGH ACCURACY IS 
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~EGJIREO. 
33191 223 G~Js $Dt..VE$ },~~ AUTOt~QtJ.{.)US SYSTE11 OF' 1ST o~riER OIF'FERENTIAL EQUATIONS ( INITIAL .VALUE PROBLEM ) SY MeANS OF A JRO ORDER 

• 

'i L1 L T I S TE r, >-4 E T ii CD J T }i I S f•i E THO D C A l~ fl E U 5 E:: 0 T O SOL V E ST I F! F SYS T t HS • 
33300 261 FC'!L.AGSY--), $01.,,'ES A Lt::eAR T'4011POI~T r;ou·~OARY•VAl.L,IE PROBLEM FOR A SECOND ORDER SEL.F .. Al)JOtNT DIFFERENTIAL EQUATION av A 

__ . ~ITZ•GALERKl!-~ ttET,-tOO, 
33301 2&1 FE~tLAG SOLVES A Llf1CAR TWO•POINT BOUNOARY•VALUE PRODLEM FOR A SECOND ORDER SELF•AOJOINT DIFFERENTIAL EQUATION BY A -

R I T Z .. G A L. ERK l l.J HE T HOD J T t IE C OE f" F I C I E ~-I T OF Y '' I S SU P PO SEO T O BE LJ N I TY , . 
33302 2b3 FEt4LAGSKEW SOLVES A LINEAR TWO•POI~IT OOUNDARY ■VALUE PROB~EH FOR A SECOND ORDER DIFFERENTIAL EQUATION BY A RlTZ•GALERK1N 

- "1 ET •f OD• . -. _ 
33303 i&S FE'1YERt1SYf1 SOLVES A LINEAR TWO•POINT SOUNOARY•VALUE PROB~EM FOR A FOURTH ORDER SELF•ADJOINT DIFFERENTIAL EQUATION WltH 

:si.010 
l4011 
34012 
34013 
. J:JOl~ -

0 l R I C H L E T 8 0 U l 10 A Q V C D t-! 0 I T I ON S 8 V A R I T Z • G A.L E R K I N ~, E T HOD a 
- 7 \✓ EC VE C S u $ C A LA R PR O O lJ C T OF" A VE C T O R A NO A VE. C TOR , 
1 --1 A TV EC ; = SC AL A R PROO lJ C T OF" A RO itJ VE C TOR A ~1 D A VE C TOR , 
7 T A "i Y E C I t: SC A L A R P P. D D l! C T OF A C O L. U ~ N VE C T OR A ND A VE C TO R 1 

7 ·1 A T ~ A T l I SC A LA R P q Ct' UC T OF 4 R O 1' V EC TO R 4 ~l D A. C O LU: 1 ~4 VE C T O fl , 

.340lS 
3t;ii1b 

7 TA~~AT a• SCALAR PRODUCT OF A COLUMN VECTOR ANO A COlllMN VECTOR, 
7 ~ATTAH ,~ SCALAQ pqooucr OF A RO~ V~CTOR AND A ROW VECTOR, 
7 SEQVEC t= SC~L•q PRODUCT OF r~,a VECTORS GIVEN IN ONE•DIMENSIDNAL ARRAYS, WHERE THE MUTUAL SPACINGS BfTWEEN THE INDICES 

0 f T H E 1 S T VE C TO q C r1 A ~4 GE ~ I ~ J EI, R L, Y 1 .. 

3Q017 7 SC4P~01 t= SCALAR PRODUCT OF TWO VECTORS GJVEN IN ONE•DIMENSIONAL ARRAYS, WHERE THE SPACINGS OP BOTH VECTORS ARE 
COiSTANT. . 

]QOl8 7 SY 14YATVEC ~= SCALAR PRODUCT OF A VECTOR AND A ROW Of A SYMMETRIC MATRIX, WHOSE UPPERTRIANCLE IS GIVEN COLUMNWISE IN A 

1c.oao 
34021 

O~E•OIMENSIQNAL AQRAY, 
9 : L 4 VE C AO OS A CO~, ST A ?·IT TIMES A VECTOR. TO A VECTOR • 
Q : L 1,,1 VE C C O L A DO S 4 C O ~ ·I S T A f' l T T I ! 1 E: S A C O L U ~1 f I V f. C TOR TO A VE C T O R • 

3qo22 q Et.,-.tCOL,VEC AC-OS A co:,1STA'.fT Tit.~cs A VECTOR TO A COL.U~~, VECTO~. 
3U023 Q ~LYCOL AODS A CO~STAtJT TIHES A CJ~U~~I VECTOR TO A COLU~N VECTOR, 
"1 I! t\ ? U q E L 4 ~ J .ti A D O S A C O 'J S T A 'J T T I 1.1 E S A ~ J t/ VE C T O R TO A ~ 0 W VE C TOR • 

Q '1AXEl, 1~0W ADOS A COiJSTAtJT Tl''ES A ROW VECTOR TO A ROW VECTOR, MAXELMROWl•THE SUBSCRIPT OF AN ELEMENT OF THE NEW ROW 
.. } "t .. ~ 

3~o,s 

34t)2b 
34J27 
341)28 
340,~ 
3q,;30 

V 'C T OR W H l C ~ i l S Of' M AX l f 1 U tl A 8 SOL, UTE V ALU E • 
q e: L 4 v E c Ro..., A on s 4 c o: J s T A r: T T I l1 E s 4 R o w v E c T o R To A v E c To R , 
Q E~~QO..JVEC ADDS A CO!lSTt,f,JT Tit/4ES A VECTOR TO A RO•i4 VtC.TOR, 
9 t~ '1RO;i/COL. ADOS A CO~lSTAt!T Tl~·•E:S A COL.u~~, VECTO·R TO A ROW VECTO~, 
~ E L. \.1 C i, 1.. R O \'1 4 ~ D S A C O' i S T A t l T T I ,~ E S A R Q w V EC T O R TO A C O L. UM N VE C T OR • 

11 I C Y V E C I ~J TE ~ C I i A r J GE 5 T i'f O V EC T O R S G I V EN t ~ A~ R A V A t L I U J A ND A RR A Y A t SH l F T ♦ l. J SH I F T ♦ U l • 
11 I C ·.; C O L l ~ J TE RC ~ I A ~JG ES T ~10 C O L. U t-1 r JS rJ F A MA TR I X • 
11 IC ...f RO fl I J.J TE RC 11 A~ GE S T ~4 0 RO l-1 S OF" '-1 AT RI X • 

• 

• 

• 

• 

3qo31 
34032 
3QO:S3 
34034 

11 I C H P 'J w C CL I • J T t: R C H A t·J G E S A RO ~, A ~JO A C O ~ LJ ~ N Or A HA T R t X , 
11 lC~SEJVEC INTtRCHAt•GES A ROW A~D A CO~UMN OF AN UPPERTRIANGULAR ~ATRIX, WHICH IS STORED COLUMNWtSE IN A 0Nf•DIMENS10NAL 

4RRAY 11 

34(.135 11 IC·~SEJ LJ•lTEf<CtiA1~GES T~iO COLUt1~!S OF AN IJPPERTRIAJJGULAR HA TRIX, WHICH IS STORED COLUMNWISE IN A ONE•OIMENSIONAL ARRAY• 
3~U4G 13 qcTCOL REPLACES TWO COLUM'J VECTORS X A:JO Y av T~!O VECTORS ex+ SY ANO CV• sx, 
3UO ➔ l 
34051 
340$3 
34001 
34071 
34131 
34132 

13 ~OTROJ REPLACE~ T~O ROW VECTORS X ANO V BY TWO VECTORS ex+ SY AND CY• sx, 
4q 50L SOLVES ftlC SYST(f1 OF LI~!EAR EQUAT I0~1S W~iOSE MATRIX HAS BEE~I TRIA>.JGULARLY DECOMPOSEO 8V DtC, 
5 1 I · l \I C AL C I J L A T E $ T ~ E. I r ~ V ER S E OF' 4 "1 A T R I X T HA T HA S B EE ~J TR I A ~l G UL A R L Y DEC O ~POSED B Y OE C • 
qq SOLtL~ SOLVES A SYSTEM OF LINEAR EQUAT?O~S WHOSE MATRIX HAS BEEN TRlAtJGULARLY DECOMPOSED BY GSSELM DR GSSERB 1 

71 SJL3tJD SOLVES A SYSTE!1 OF LI ►JEAR EQUATIONS, THE MATRIX BEING DECOMPOSED av DECSND. 
o5 LSJSOL SOLVES A t.IrJEA1~ LEAST Sf'JlJARES PROBLE~1 IF THE COErf'IClEr;r HATRIX HAS BEEN DECOMPOSED BY LSQORTOE.C, 
ti3 LS1:>GLit·JY CALCi.JLATES THE OIAGON~l. EL£1-4E~JTS OF' TtiE INVERSE o~• ~••M, WHERE MIS THE COEFFICIE~T MATRIX OF A LINEAR LEAST 

SJ~! A~ ES PRO e ~-E •~, 
34154 bJ LS?ORTDEC DELIVERS THE tiOUSEHOLOER TRIA'~GULARIZATION WITH COLUMN INTERCHANGES OF THE MATRIX OF A LINEAR LEAST SQUARES 

;, ~o ai. E:-1. _ 
3"135 bS LS~ORTOECSOL SOLVES A LINEAR ~EAST SQUARES PROBLEM av HOUSEHOLDER TRIANGULARtZATION WITH COLUMN INTERCHANGES AND 

CALCULATES Tfit DIACONAL or THE I~VERSE OF ,.,,,.,, WHERE H IS THE COEFFICIENT MATRIX, -
3413b 207 ~SQINV CALCULATES THE INVERSE OF 1HE ~ATRIX s•s, WH~RE SIS THE COEFFICIENT MATRIX OF A LINEAR LEAST SQ~AR[S PROBLEM, 

-JijlQO 101 TFMSV~TRIZ TRANSPOR~tS A REA~ SYMMETRIC MAT~IX INTO A SIMILAR TRIDIAGONAL ONE BY HEA~S OF HOUSEHOLDER'S TRANSFORMATION, 
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" 

. 3UJQ1 101 8AKSY'ATPI2 PERrO~MS THf BACK TRA~SFOP~ATION CORRESPONDING TO TfMSYMTRI2o 
3 41 4 t? 1 O 1 " T F ~PRE VE C l ~l CO l181 NAT IO ~i !•i I TH T f" ''SY \f i RI 2 CAL C LIL ATES T •t E TR A ~JS FOR t~ I NG MAT R I X • 
l U 1 4 3 1 0 t T f' 1-i S Y ··1 TR I 1 TR A' IS, 0 ~ ~l S A Rt AL S Y M '1 E TR 1 C ~1 l TR l X l NT O A S I H ? LA R TR I D I AGO ~JAL ONE 8 V MEANS OF HOUSE HO LOE R I S TRANS FOR~ AT I ON , 
3 4 1 q u "" 1 ,o 1 "a ~ k'. s ~ l1 T P I 1 PE RF o ~ ~1 s T J ➔ E a,\ c K T RA 'Is F o R .'-1 A T I o N c o RR E s P o !Jo I ~~ G T o T F > 1 s v M T R I 1 , 

·"·" 34J50 21S z,~OI>l fl}4DS ( I"J A ClVE'-J I~lTER\'Al. ) A" ZERO OF A FUltCTIO~J OF ONE VARJ,\BLE, 
34151 111 VAlSY~TRI CALCULATES ALL, OR so~~E C0~1SECUTIVE, ElGEtlVALUES o, A SYMMETRIC TRIDIAGONAL MATRIX BY MEANS OF LINEAR 

I ·~ T E A P ti ~ A T I O N l.J S I l.i G A S T U R I 1 S E Q L1 E NC E • · 
3Gl52 111 VECSY'1TRI CALCULATES EIGENVECTORS OF A SYM~ETRIC TRIDIAGONAL t1ATRtX BY MEANS OF INVERSE ITERATION, 
34153 113 ElGVALSYM2 CALCU~ATES ALL C OR SOHE) EIGENVALUES OF A SVt1HETRIC HATRlX USING LINEAR JNTERPOLATJON OF A FUNCTION 

0 e ~ l V Er, F RO >1 A S TUR t 1 SE Q U e •1 C E 1 

. l~tsu 113 EICSY~12 CALCULATES EIGE:JVALUES A"lD EIGE~IVECTORS av HEANS OF t•JVERSE ITERATION, 
341S5 113 EIGVALSY~1 CALCULATES ALL C OR 80~1!) EIGCNVALUES OF A SY~METRIC ~ATRlX USING LINEAR INTERPOLATION OF A FU~CTION 

':l ' R l V En F R Ori A S TUR ~1 S E OU E •., C E 1 
"" 3 LI 1 Sb 11 3 E I GS Y '! 1 C .\LC lJ L iA TES t: I GE t~ VALUES A~ D E I GE ~IVE CT ORS 6 Y tA EA~, 5 a F t tJ VER$ E I TERA T t ON • 
· !41oO 111 QRI~'ALSYMTRl CALCULATES TtlE ElGE~VALlJES OF A SYf1~ETl1IC TRIDIAGO~~AL MATRIX av MEANS OF QR ITERATION, 
34tbt 111 CRISV~:TRt CALCULATES THE EIGF.llVA~UE:S AND ElGE~lVECTORS OF' A SVMM(Tqlc TRIDIAGONAL MATRIX ev MEANS OF QR ITERATION, 

"" 3 4 l b 2 11 J QR l V 4 LS Y \12 CAL CUL A TE S T ti E E l GE t~ VA~ U ES OF A SY M ~,ET R I C HA TR I X B Y ~1 EANS OF QR I T E RA T I a N , 
341¢3 113 QRISY~ CA~CULATES ALL EIGENVA~UES AN~ EIGEtJYECTORS Of A SYHHETRIC MATRIX av H.EAN8 OF QR ITERATION, 
llilb4 113 ~RIVALSV-i1 CALCULATES TtlE EIGE~JVALUES OF' A SY~1~1ETRIC ~!ATRIX BY MEANS or QR ITERATION. 

"!Q171 103 TFMREAJ~ES TRA~SFORHS A ~1ATRIX It~TO A SIMILAR UPPER•HESSENB[RG MATRIX BV ~CANS OF WILKINSON IS TRANSFORMATION, 
3Q17t 10] 9AKREAHES1 PERFORMS TttE BACK TRA~srOR~ATION (ONA VECTOR) CORRESPONDlNG TO TFMREAHES, 
J t& 1 7 2 1 0 3 a ,, K RE A! 1 e: S 2 P !' RF' 0 R ~ S T 11 E 8 A C K TR A \J SF OR "1 A T I O t~ C ON C O L. U ~1 NS ) C O RR E SP O t~ 0 I NG TO T F MR E A HE S 1 

" JQ173 97 E3I~BR fJUI~IORATES A MATRIX BY ~EA~IS OF A DIAGONAL SI~1ILARITY TRANSFORMATlON, 
l417U 91 3AKL8R PERFOR~1S THE BACK TRANSFOR ►tAT?ON CORRESPONDING TO EQILBR, 
34180 115 REAVALQRI CALCULATES THE EIGEflVALUES OF A REAL UPPER•HESSENS[RG MATRIX, PROVIDED THAT ALL EIGENVALUES ARE REAL, BY 

MEANS OF SINGLE QR ITERATION, 

' 

Jq1e1 115 REAVECMES CALCULATES AN ElGE'1VCCTOR CORRESPONDING TO A-GIVEN REAL EIGENVALUE OF A REAL UPPER•HESStN8ERG HATRJX ev MEANS 

34182 
l418.3 
3418q 
341So 

OF l~JVERSE lTE:7ATIO.l, 
1 11 ~· E: A E I G VAL C AL C '~t t .. A T E 5 THC E I GE~! VALUES OF A . ~, A TR I X , PROV IO E O THAT AL. L E I GEN VALUES ARE Rt AL. t 

1 7 ::i E A SC L i : :J R t·4 A L I Z E S T i I E C O L 11 i I . l $ Jr A T w J • D I I 1 E ~l S I O ~: A L A RR A V • · 
117 ~,A.ElG1 CALCl 1L.ATES r~~c E:lGE~lVECTORS A'JD EIGEtJVjl,_UES OF A MATRIX, PROVIDED T'1AT THEY ARE AL.L REAL, 
1 l 5 ;;, E ~ JR I C A L C W L A TE S A LL E I GE~.; VA L L1 E S A ~ l O E I G ~NV E C TOR S OF A RE A L LIP PE R • t IE S SEN BE R G ~ A TR I X , PRO V I O E O T HA T A l. L E I GE tJ VALUE S A R E 

ri E A L , tJ Y : 1 E A 'J S J F' S l ; J G L t ~J R I T E R A T l O t; • 
3 4 J 8 7 11 7 R , i C I G 3 C AL C LJ L A T r. 5 T JI E £ I GE : J Vt C T ORS A 'JO E I r, E: :~ VA L. U E S OF A ~i A T R I X , PR O V I DE O TH A T THE V A~ e: A L L Rf: AL • 
3 " 1 9 o 11 e; c ;J ' ~, A L. r: r. r c ,. L c 1 1 L A r E s r H c ~ r A L A :-1 o c o ~i PL E x E I GE r-1 v • L L1 c s or A RE A L u PP ER.HE s s EN a E R G H • T R I x BY ME AN s o F o o u e ~ E GR 

I TE R A T I () ~ l f 

3t.J191 115 C;)•~VEC,!ES CALCL!LATES THL EICE•J\fECTOR cnRRESPOiJDI~JG TO A GIVEN COMPLEX EICENVAL.UE OF A REA"9 UPPER•rtESSEPJBERQ MATRIX BY 

3Q192 
3'1193 
34191.f 
34210 
34211 
34212 
Sl.1213 
3Li214 
34215 
3!.12ZO 
34231 
3·1232 
34235 

34236 
31i 2 4 !) 
342 ➔ 1 

• 

~1 E A r~ S O F I t·•! V E f? S E. l T E P. ,\ T I O ~ • • . 
11 7 C O '1 E I G VAL C A L. C l.1 l 4 T E S T t1 C E I GE • 1 VA L ll E S Or A ~, A TR l X • 
,q COt••sct. t~OR~AL.IZES REAL Al\!r. co·tPL~X EJ~E:IVECTORS, 

1 11 c ~ • c E I G t e A L c u L A 1 e: s TH t t 1 GE : ◄ \' ;\ L 1 .. 1 E s A t· • c E I G t ~, v E c r o Rs of' A MA r R I x • 
1 3 q L I !.J E "-t I t-' ~ l ~ I I '1 I Z E S A F U N C T I O "I O F S E v E R 4 L V A ~ l A B L E S I t·J A G I V Et J O I R E C T I O N • 
13'1 q,.JX1UPO ADDS A RAiiK•l t-\AT1tX T0 A 5ya.i\1ET~IC MATRIX, 
1 l q :, A v u P o A o C'1 s A R A :-, K • 2 t • A T Fi 1 x r a A s Y :' , ~1 E r R I c 11 A r R r x • 
1 3 q F' 1.. € U ' 0 A DD S A RA :J K ,. 2 ,.~ A TR I X T O A S Y \ 1 

·~ E T P. I C ~ 1 A T Q l X • 
1 q C? \·I '< 1 ~ l ~~ r \ I ' : I · • I Z E S A F U i-~ C T I ,, ~ l 1) r S E Y E. R A L V A R I A 8 L E S , 
1 q FL E ~-! I ~J t I I ! 1 I ; i I z cs A Fi 1: ~ c T I r'' o F' s Ev F. RA L v AR I ABLE s • 
9 5 C O: I J Gr. A 1 5 :1 L \' E S A r O 3 I T I VE (~Er I ·~ I T E S Y"' t-1 E T R I C S VS TE M n F L I ~~EA R E rJ U A T l O ~, S B Y T HE ME T H r., D O F C O NJ U G A T E G RA D I E N T S e 
q s r; s s r; L .. ~ r ER r 0R 11 s A r R I A ;·1 Gu L. A R o E c , :-, Po s 1 r I o "J i~ I TH A co Ma I t ~AT Io N or PART I AL AN o co 1-1 PL Er E P I v o T I N c; 11 
qq GSSS0L, S':'LVES A SYSTEf 1 OF L.I'JEAR C:OUATIQt,JS, . 
5 1 I ·· J v l C A LC UL A T E S T ~: E I ? ' V E R SE OF' A ~, A T R l X TI f AT ~l A S B E EN TR I ANG UL A R L V D E C OM POSED 8 Y GS S E L M OR GS SE RB , T HE 1 •NOR ~1 0 F TH£ 

I~VE~SE \IAT~IX ~IGHT ALSO ~E CALCULATED, 
5 1 G S S ! ,J V C A L. C J L A T E S T Ii E 1 t I V E r, S E rJ F A ~1 A T R ! X • · . 
45 J'~E:~Q··iit~V CP.L.CtJLATES TriE 1•'j0!1t1 JF THE INVERSC OF A MATRIX WHOSE TRIANGULARLY DECOMPOSED FORM IS DELIVERED BY GSSEI..Me 
4S E.~~ELM CALCULATES A ROUGH IJPPERBnu~-ID FOR THE ERROR IN THE SOL UT I ON OF A S vs TEM OF LI NE AR EQUA TIO~~ S w HOSE MA TR 1 X IS 

TRIANGULARLY DECOMPOSED SV GSSEL~, · -
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3'42!;2 

3ll243 

3 (~ 2 ~ IJ 

3 q 2'5 i) 

342'51 
34252 
34253 

3 ~ 2 311 

~5 GSSEqJ f'E;{FO~'~S A TRIA'!GULAR DECJ~POSTION Of THE ~ATRIX OF A SVSTEM OF LINEAR EQUATIO~S AND CALCULATES AN UPPERBOU~D 
~ ~, T i E ~ Z:. l ,\ T I \-' E ER~ tl f) I N T' ! t S ~ ~ '~i T 1 0 t·, (_1 F Tl I A T SY STE~, , 

4Q ~S~SOLEP·J s~~L'/ES A SYSTl:H CIF LI·:::AR EQtJATlO'lS A~;o CALCIJLATES A ROUGH UPPERBOU"!O FOR THE RELATIVE ERROR IN THE 
. C 4 LC 1J L A T ED SOL UT I tJ t.; • _ _ 
51 ;~:ilt;~·t::r~~ C,\L.Cl.lLATES THE: I!·JYERSE (lF A ~1ATl~IX A'-.tO l•t:ORr•i, At-4 U1'1Pf:R80Ut'10 FOR THE ERROR IN THE INVERSE MATRIX IS Al,.$0 

~l iEi-1, 
s ; I T I 3 0 L. S I) L VE S A S V $ T E' ; : 0 F L l ' l E A ~ E O ~J A T I O ~\, S \•1 HO SE \1 A T R I X Ii A S D E t i·I T R l A ~-I GULA R L Y D EC OM PO SE D 6 V G S $ E I. M O R GS S S. P 8 , T H I S 

s J 1.. ... , r 1 o:; 1 s r , r> Ko v ED 1 r E q ,\ r I v EL v • 
5:3 GSSlT!S(JL S1l.','r5 A CiYSTt:M OF L.l}!EAR E1:JATIOf1S Ai,JD TtlE SOL.UTIO>J IS I'1PROVED ITERATIV£LY, 
4 S (; S S · ! P I Pt f~ r ~ l) • t S A T ~ t I, 'l GULA R OE C 1 t IP j 5 I T IO: .1 A~, t' C A LC tJ l. ATES T ti E 1 • .. l DR '-1 0 F THE 1 r,J VERSE MAT R I X , 
53 ITtSJLEn1 SOLVES A SYSTEM DF LINEAR E1UAT!ONS W}IOSE MATRtX HAS TRIA~JGULARLY DECOMPOSED av GSSNRIJ THIS SOLUTIC)N IS 

1~ 0 ~aVED ITERATIVELY AN UPPERBOU~O FUR THE ERROR IN T~!E SOLUTIO,~ IS CALCULATED. . 
53 GSSITISOLER8 30LVtS A SYSTEM OF LINEAR EQUATlOl·lSt T~tIS SOLUTION IS l~PqOvEO ITERATIVELY AND AN UPPERBOUND FOR THE ERROR 

I -~ T ! if. s '\ L l IT I u ~I Ts CAL CI.IL. ATE D. 
34?.o~:i 1uq -iS'.lf~Eh.010 rr-:,\ ISFOR~·'S A ftATRIX TO 6I.DIAG 1JNAL. FDR~!, BY P~EMlJLTIPLYI~JG Ar·1D POSTMUL.Tlf'LYI~G ;4ITH ORTHOGONAL MATRICES. 

?SiTf:•~'AT CALCiJLATES THL POSi~1UL.TIPL.Ylf4G MATRIX FRO,t T ►~C DATA GEtJE:RATtD BY HSr1REA8ID 1 3Ci2Cl 1J9 
3 1~ 2 :J 2 l C1 g P ~ E T F r 1 i' A T C A L C I J L A T E S T Hf PREµ UL T I F' L Y 1 ~.J G •·I A T R I X F R O '" T HE O A T A GE t·l E RA T E D O Y HS HR EA B l D , 
3427◊ 12S :J 1 1 s N G v ti L fl 1 r c A L c L' L A r c s 1 , 1 ~ s 1 ~ .1 o u L A R v A L u E s o F A s 1 o r A G o k~ A L MA T R 1 x , 
3<-l27l 

3~272 
3427! 
34230 

34261 
lQ28.? 

3~253 
342$4 

34265 

3426b 
lU287 
34300 
34301 

3 q 3 ,) 2 

1,s JR[SNGVALOFC~IO CALCULATES T~iE SI~GULAR VALUES rECOl!~OSITION ~FA MATRIX OF WHICH THE BIDIAGONAL ANO THE PRE• •ND 
P.:sr· 11.ll.TIF1LYI~ir, '1ATRICES ,\RE GIVEr.j. . 

12 7 J" 1 S .,_i G VAL C t, LC LIL ATES THE SI'. I G 1J LA~ VAL JES ll F A GI VE t4 MATRIX, 
1 2 7 ) ') I G i ~ V f, L D [ C C A L C UL A T t S T t IE S I · l C 'J L A R V AL U E S D E C O ~ P n $ I T I O i·J U * S • V 1 , W l T ~t U A ND V OR T., 0 G ON A L A N D 8 ? 0 S I T I VE D I A G D N AL , 

fl 7 $ J L S V ~ 0 V R S (' l Y t S A ~-l OVER D E TE R ~ \ I t· f E D S Y 5 T E '-1 () F L I ~! E A R E (} U A T l O ~~ S , ~1 l J L. T l P L. Y l NG T HE R I G H T • HA ~JD S I O ~ B Y Th E P SE UDO• 1 N VE. RS E Of' 
T :1 E G I \1 C ~-J t 1 A T R I X I 

b1 SOLOVR CALCULATES TttE SINCU~AR VALUES DECOMPOSITION AtJO SOLVES AN OVERDETERMINED SYSTEM OF LINEAR EOUATIONS, 
&9 SOLSVDlltlO SOLVES AN UNDEROETERt1I~ED SYSTEM OF LINEAR EQUATIONS, MULTIPLYING THE RICHT•HAND SIDE BY THE PSEUDO•lNVERSE 

0 F T t-i E G I VE ~I ,1 A TR I X 1 
b q SO~ U fil :> C AL C U I.. A TE S T f·i E S l NG U ~AR VALUES OE C O ~1 PO S l T I ON A t; D 5 0 L VE S AN U I~ 0 ER DETER M I NED SYS T EM OF L I ~, E AR E QUA T I O ,~ S , 
71 H0''50LSVD SOLVCS Tt-tC tiOllOGEt~fOUS SYSTEH Of Ll~~EAR EQUATIONS A*)( m O ANO Xf •A~ O, WHERE •1A" OENOTES A HATRIX A••O 

"X 1
• A VECTOR1 C THE SiijGULAR VALJE DECOr·tPOSITIOfJ BE!~G GIVEN l. · 

7 1 110 1 ' S (11. SOL, VE S T ~i E HO !-i OGEN E OU S SYS TE H OF L, I tJ EAR EQUATIONS OF E QUA T l O ~., S A • X • 0 AND X I • A u O , w HERE "A " DENOTES A 
~ATRIX A4JD ''X" A VECTOR, · 

73 PSOINVSVO CALCULATES THE rSCLIDOaINVCRSE Of A HATRIXJ C THE SINGULAR VALUE DECOMPOSITION BEING GIVEN>• 
7J ?SDI'JV CALCUl.ATES TtfE PSEUDO•INVE:RSE OF A MATRIX. 
~ 5 0 EC PER r n R ,., S A T ~ I A•~ GU L. AR DECO t1 POSIT l O XJ W l TH PART I .AL. PI VOTING , 
q9 JtCSOL S~LVES A SYSTEt! Of LlNEA~ EQUATIONS WHOSE ORDER IS SMALL RELATIVE TO THE NUMBER OF BINARY DIGITS IN THE NlJMBER 

Q; PK ESE r4 TAT IO, J • 

S 1 :, E C 1 I\,' C A L. C ~J L A T E S T t 1 r: l ! ; V E R 5 E: 0 r A ~1 A TR I X wt t O SE ORO E R I S S MA L. L RE L. A T ! V E T O T HE NUMB E R OF 8 I N A R Y O l G I T 5 I N T HE NU M 6 E R 
R E P ;t t .:i C ~. T A T I a : i • 

4 7 :> E T E R ' '. C A LC UL A T E S T : IE D [ T E R ! t t t: A ~~ T OF A. T R I A I~ G Lt L A R LY OE CO MP OS E D HA T R I X • 
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:;t .. 303 
3JJ310 S S C '1 t. j EC 2 C I\~ C J l. A TES T ~' E. Ct; OLE: Si< V O EC OM PO SI T I ON OF A PO$ l T I VE OE F I N I TE SY MME TR l C MA TR I X WHO SE UPPER TR I A NG LE I S G l \IE N • I N ·. 

34311 

34312 

34313 

34320 
!~32l 
3~322 

3433·) 
3Lt331 
34332 
3Lt333 

A. r ,Jo -o 1 ·, r. ! : s r r1 r JAL A;:~ R :\ v • 
SS C·!LDEC1 CALCULATES TM[ CHOLESKV OECOMPOSITION OF A POSITIVE DEFINITE SVHMETRIC MATRIX WHOSE UPPER TRIANGLE lS GIVEN 

C J L ~I ' 1 · l ' 1 I $ E l 'l A O r l E • 0 l 1 1 E ~J S l O ~J A L A R R A Y 1 

5 7 C ·1 L ~1 ET Er~, 12 CAL. C l.l LATE S 1J F T ~➔ E DETER H l NA l~ T OF A PO 5 I TI VE C1 E FI~ It T f. · SY Ht~ ET RIC MATRIX, THE CHOL ES KY DECO MP OS IT ION 8 EI N Li 
!"' l · 1 ,- • 1 I • · 11 T ; .-, r, I • 1 C" • 1 S I fj I J A I I, :"'I '"' A Y ,:, 'i C:.. -·, , , ►\ •'i I • L' , · t. 1 , . I · I., r\ t1 I\ 1 

57 : 11l..,)£Ttf"•\1 CALCULAiES Tlit: DET£R~~lNA~IT OF' A POSITIVE DEFil~lTE SVt1t-1ETRIC ~1ATRIX, THE CHOLESKY DECOMPOSITION Bf.ING GIVEN 
C O L J ;<' I ,,; I S E l 1•J A 8 i , E • f' l HE t-.i S I Qt I A L A f·I R A Y • 

7 5 DEC 8 tJ D PER FOR i: S 4 T P. I A'" GI) L AR OE C J l.4 PO S I T IO r~ 0 F A BA r~ D ~~ A TR I X I US ING PART I AL P J VO T I NG • 
7 7 ') E T E R 1 f\ : .; D C ,\ L C lJ L A TE $ T 11 E f) E T E Rf 1 I \J A ~~ T OF' A 0 A ._ J [) : 1 A T R I X , 
7 Q ) e; C SOL~' JD SOL VE S A SYS TC M Or L I ~·IE AR E OU A T I O t JS BY G ,A USS t A~ EL I ~· I ., A T ION \4' I T H PART I AL P I VO T l ~,I G 1 F THE C OE FF IC l EN T MA TR I X 

IS 1~, BA~iD fOi~!~i ~~·JD IS STt1REC' RQ,l~'lSf I~l A Qt-1E•OI~·1E':~SIO~lAL. ARRAY• 
8 5 C: i l DEC~~; !1 r E ~ F. 0 :? :,t S T ~l t: CHOL CSK Y , ECO~, PO S I TI O t~ 0 F A. PO 5 I T I VE DEF IN IT E 5 V MME TR IC BAND MA TR I X , 
87 C 1 fL:,ETER ►1 o~'iC Cf,LCIJLATCS Tt 1E OtTfq1t1Jt-,At-iT Or A POSITI'IE DEF'Ir-JITE SY~,M.ETRIC BA•·JD MATRIX, 
69 C·!LS0LBi,lD St)L.vES "ros1TIVE DEF'l,.,,ITE SY 1·1t.1tTRIC LINEAR SYSTEM, TrfE TRIANGLILAR DECOMPOSITION BEING GIVEN, 
8 9 C 'IL OE CS O LB i ID SOLVES A PUS l TI VE DE r I }JI TE SY M t1 ET RI C L IN EAR S VS TE H A ~j O PER f ORMS THE TR I 4 NG UL AR DECO MP OS I T I ON 8 Y CHOL ES KY • S 
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~J.C-f•JQ!'\ ...... v, 
J t.. ·3 ~ i) 5 5 c :.1 -t ~ :~ s c _A. L c :1 t. ;, r f. s TI i E ,., ;·1 o 11 ,. , 1 s or A co·~ r L c x , 1 LJ, 1 o ER • 
3-t3!.11 3.7 CJ'".''-'L CAL.C"IL,',TES r~1E Pf{ 1Jf' 1•1cr of r\i10 cn~,PLf.X t!L1•'3ERS, 
'3ti3~2 . 37 CJ•j~I\I C!.Lr.~ILATE:S r;•t Gl.!OTIEtJT !'lF' f;t(1 ((l:~PLEX t,,ui-•ar·Rs. 
34J!l3 3e; CJ 4S1~T CALC·JL,ATES TJ~E S~'"!,\'iE Q(JJT :JF A co·1rLEX 1'lll~l[~EP, 
343qa 3~ CARPOL TRAfJSFQRMS TII[ CARTESIAN COORO~NATES OF A CO~PLEX NUMBER INTO POLAR COORDINATES, 
343q5 12<1 Cv··1K 1~0 CALCtfL.ATES T~fE ROOTS OF A QUADRATIC fQUATlOtJ WITt~ co~--PLEX COEFFICIENTS, 
34352 21 co,~cOLCST ~ULTIPLIES A CO~iPLEX COLUMN VECTOR BY A COMPLEX NU~BER, 
3 4 3 s 3 2 l e J 1•1 RO :•1 Cs T li u LT I p L ! Es A CO up LEX R ~ w VECTOR a V A CO~, p LEX t~ u :10 t R • 
3 4 3 S 4 · 2 3 C J ·4 ,f A T V f; C C A L. C UL 4 TE S T HE SC A L A R PRO D UC T OF A C O ~1 PL t X ROW VE C T O ~ A ~JD A C OM PL E X VE C TOR 1 

3 4 3 s 5 2 3 H s 11 CO ·1 C Ol TR 4; Is F' a RM s A CO !•1 p LEX VE C TOR I r-~ TO A V f C TOR p RO p ORT l O t~ AL TO A u l'-1 I T VECTOR • 
3 4 3 5 6 ~ 3 H S, ◄ C ' ~! P RO P RE 1-1 lJ L f I PL I f. S A C OM PL E X M A T R I X W l T f ~ A C OM PL E X HOUSE ~f O L. D f. R MA TR I X 1 

3 q 3 S 7 2 8 7 q O T' C O · 1 COL ~ C, LAC ES TWO CO•~ PL EX C O LUHN VE C TORS X A ND V 8 Y TWO C O ~1 P ~EX VE C TORS C X + S V A ND CY flJ S X e 
]a3S8 ?87 qOTCO'IRQ~ REPLACES TWO CO~PLEX ROW VECTO~S X ANO V BY TWO COMPLEX VECTORS ex+ SY AND CY• sx, 

.. · :5Q359 . 31 C0-1EUCt 1 Rt• CALCULATES THE ElJCLID~A'l f~OR~1 OF A co:1PLEX MATRIX WITH ~w LOWER CODIAGONALS. 
3 q '3 ~ O , q S : t. C o ·1 ~ l ? RM A L I Z E 5 T Ii E C O L U 1 t 't S Or A C O ~ P L E X H A TR 1 X t 
3U3&1 ;i EJILBRCoa• EQUILI9RATES A CO~PLEX ~ATRIX, 
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.. 343&2 ;o Bl~LBqcow TRANSFOR!1$ TH£ EIGEtJYECTORS OF A COMPLEX EQUILIBRATED C. BV EQlL6RCOH) MATRIX lNTO THE EIGENVECTORS OF THE 

34303 
3li 3 b4 

34lb5 
34300 

3Q3b7 
34303 
343~9 
34310 
34371 
34372 
3q373 
3 4 3 71
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34375 
·3Q31b 
3 .:t ·:5 7 7 
3437S 
3'1390 
34391 
34'392 

1 0 C5 
1v5 

105 
1)7 

101 
11Q 
11 ° 
l q 1 
11 n 
12 t 
121 
123 
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25 
25 
,s 
5q 
SQ 
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3439:S 5q 

:) ~ I C I • 1 A L t-1 A T ~ I X • : . 
~ S ~HR ~' TR I TR A 1·J SF OR r,1 S · A ti E R 41 T I A ~4 ~ A TR I X I N TO A S I M I L A R RE A L S Y t-t M f TR I C TR I O I A GO NA L MA T R 1 X , 
i1S"'iH~'1Tf~lVAL DELIVERS TtlE t-1Atr1 DIAGONAL ELE'1ENTS A}40 THE SQUARtS OF THE COOIAGONAL EL!MENTS OF A HERMITIAN TR10IAGONAL 
~ATRIX HHICil IS UNITARY SI~ILAR 'ITH A GIVE~ HERMITIAN MATRIX, • 

BAKHR~TRI PfRYOR~S T ►iE BACK TRANSrORMATION CORRESPONDING TO HSHHRMTRI 1 
H S ~i C o · 1 ti E S T R i\ t .j SF O ? t·i S A C O ~~PL.EX 11 A TR l X B Y J.1 E A NS O F ~IO LJ S EH OLD£ R • S T R ANS F' 0 R MA T l ON FOLL OW E O BY A C OM PL. E X O I AGO NA L 
T~4'4SP'OR 11ATIO'·~ I"lTQ A SIMILAR l1}~!TARY LIPPER•HESSE\JBtRG ~1ATRIX ~'ITH A REAL NONNEGATIVE SUBDIAGONALe 

' 

9 ~ I( C O · 1 rt E S P ~ Q F O R t.-1 S THE 8 A C K T R A ~J Sr O R ~' l T l O ~ C ORR E S PO t l D I N .G TO H SH C O ~1 HE S 1 

ElGiALHR~ CALCULATES THE EIGEflVALUES OF A co~•PLEX HERMITIAN MATRIX, 
E l G; i R 1.1 C A LC U 1.. A TE S T ~1 E E I G E 'I VA LUE S A NO E t GE ~➔ VE C T O R S Of A C OM P ~ E X HE RM I T I A N MA T R I X 1 

Q~IV4LHR~ CALCULATES THE EIGENVALUES OF·A COMPLEX HERMITIAN ~ATRIX, 
J~IHR~ CALCULATES THE EIGE~'VALUES AND EIGENVECTORS OF A COMPLEX HERMITIAN MATRIX, · 
V~LQRICOM CALCULATES THC EIGE~JVALUES OF A COMPLEX UPPERwHESSENBERG MATRIX WITH A REAL !UBOIAGONAL, 
1 q IC O '1 C AL CUL A TE S Tr It E l GE·~ V f' CT O ~ S A,., 0 THE E ICE~; VALUES OF' A COMPLEX UPPER• HESSE NB ERG M 4 TR I X , 
EIGYALCO~ CALCULATES THE E!GENV4LUES OF A COMPLEX MATRIX, 
EI G CO \1 CAL CUL. ATES Tr IE E I GE t.J VE CT O q S A ~JD E I GE t•J VALUES OF A CO Jti PL E: X t-4 AT R l X , 
E Ii. · ~ C u ~~ V £ C C O L ADD S A C O ~PL. E X r~ U > 1 BER T I "1 E S A C t\ ►' P LE X C O L. U ~IN VE C TOR TO A C OM PL E X VE C TOR t 
Ei..!1CO'ICOL ADDS A COt~F'LEX ~lll•19E~ TIMES A COt-'PLEX COLUMN VECTOR TO A COt~PL.EX COLUMN VECTOR, 
ti..··co·,Ro·AlvEc ADDS A cot.,rLe:x NU>10ER TI\1E:S A COMPLEX VECTOR TO A co~1PLEX ROW VECTOR. 
C · i L S O L 2 S O L 'v' E S A S VS TE M OF L. ! r J t ~ R E Q U A T I O f·J S I r T H t: C OE F F I C I E N T ~1 A T R I X HA S BE. EN OE C OM I' 0 SE D 8 V C H LOE C 2 
c~tLSOLl SOLVES A SYSTtM OF LI~JlA~ EQUATIOtJS IF THE COEFFICI(NT ~A'TRIX HAS BEEN DECOMPOSED BY CHLDECl 
C~LOECSOL2 SOLVES l POSITIVE DEFINITE SVMM!TRIC SYSTEM or LINEAR COUATIONS BY CHOLESKV•s SQUARE ROOT 
C J E r F" l C I f' 1 J T ~~ A TR I X s H [) u L D e E G I VE ~J l N T rt E up p ER TR l ANGLE Cr A T w O • D I ~1 E ~4 s I ON AL ARR A V I 

• 

OR Ct1LDECSOL2e 
OR CHLOECSOL.1e 
METHoo, THE 

3llQOO 

C1L?ECSOL1 SOLVES A POSITIVE DEFINITE SYMMETRIC SYSTE~ OF LINEAR ECUATIO~S av CHOLESKY 1S SQUARE ROOT METHoo, THE 
:0Err1c1E~T ~ATO!X StiOULD BE GIVEN CO~tJMNWISE IN A ONE•OI~tENSIONAL ARRAY, 

bl c~tLltlV2 CALCULATES THC INVERSE OF A POSITJVE DEF'INlTE SVMHETRIC MATRlX, lF' THE HATRlX HAS BEEN DECOMPOStO BY CHLDEC2 OR 

7 

Cit..DECSOL-Z, 
bl CrlLI~,v1 CALCULATES THC INVERSE OF A POSITIVE DEFI~llTE SY~HETRIC MATRIX, IF THE MATRIX HAS BEEN DECOMPOSED av CHLDEC1 OR . 3qtJ O 1 

c~iLOECSOLl, . 
3QJJ.02 b 1 C 1 L:, EC Ii; V 2 C AL CUL A TES T t IE I ~,VER 3 E OF 4 PO S-t T l VE DEF IN I TE S V MME TR IC MAT R I J< BY CHOL E 5 KV I S SQUARE ROOT METH O O f THE 

CJEfFICIE'~T. ~1ATRIX GI\'Efl co1..u~,r~i11sE IN A TWO•DI~4 E~JSIOtJAL ARRAY, 
3tJU03 

3t.lJ 1 O 
34411 
lQll12 
3lll413 
341.114 

b 1 C ·1 L D f. C l : : V 1 C AL Cu Ir~. TC S Tr IE INV CR SE OF A PO S t TI VE OE F l NI TE SY M t-4 ET RI C MAT R IX B V CHOL ES KY t S SQ UAR f ROOT METH O O s THE 
C J E FF IC I E '~ T '-4 A T R ! X G t VE ~ J C O LU ~t N W I S £ I N A ONE"' 0 I ~1 E :~ S I O t I A L ARR A Y e 

285 
285 
285 
2SS 
28$ 

L~GVECVEC CALCULATES THE SCALAR PRODUCT OF TWO VECTORS BY DOUBLE LEtJTGH ARITHMETIC. 
L'-lG'1ATVEC CALClfLATES THE SCALAR PRODUCT OF A VECTOR AtJD A ROW VECTOR BY OOUBL.E PRECISION ARITHMETIC, 
L~GTA~1VEC CALCUL4TfS THE SCALAR PRODUCT OF A VECTOR AND A COLUM~J VECTOR BY DOUBLE PRECISIO~ ARITHMETIC, 
L~Gt1ATtiAT CALCULATES THE SCALAR PROOUCT OF A ROW OF A VECTOR AND A CD~UMN VECTOR BY DOUBLE PRECISION ARITHMETICe 
L~GTA~1MAT CALCULATES TME SCALAR PRODUCT OF TWO COLUMN VECTORS BY DOUBLE PRECISION ARITHMETIC, 

' 

• • 

i: 
n 

N 
I 

:::J 
~ 

< 
H 
Cl} 

H 
0 z 

\40 

t •• 

\.0 .....,, 
-...J 

• 



. 1" t, ~ ·r ... ,_.,. c: v V • - )!, · ·; , " . 0 ?' ~ fl I C I r-10 E: X 
-:t 

26/()4/77 PAGE 

. 3 It !J 1 S 2 8 $ L, '' G \1 A T TA M C A L C tJ L. ~ T E S T 11 C SC A L. AR P R ('ID UC T OF T W O ROW VE C TOR S 8 Y DOU 8 LE P REC I S l O N A R I T H '-1 E T l C , 
34416 285 ~~i~SE~VEC CALCJLATES THC SCALAR ~RO~UCT OF TWO VECTORS GIVEN IN ONE•DI ►tE~SIO ►lAL ARRAYS, WHERE THE MUTUA~ SPACINGS 

a::r~!fE'·' TtiE It~~ICES or THE 1ST VECTOP c~~A~·1GE L.I~·!EARLV, BY DOUBLE LEtlGTH ARITHt-~ETIC. 
.· 34417 ·2-85 L.'1GSClPf\n1 CAL.CU~ATES TfiE. SCALAR PRODLICT OF' TWO VECTORS GIVEN Ifl O~lE:•OIMENSID~~AL. ARRAYS, WHERE THE SPAClNGS OF BOTH 

. . V EC T OR S i R E C O t JS T A t~ T , a Y DO (181.. E :, R f C I S I O ~, A R I T Hf~ E T I C • 
3£iijl8 285 l'-IGSY~lt1ATVfC CALCULATCS T;.IE SCALAR PROOUCT Or A VECTOR GIVEN It-I A O~iE•DlMENSIONAL ARRAY AND A ROW OF A SYMMCTRlC 

1q:izr. 
l'4!121 
14022. 
3 ,, t. 2 3 
3qQ24 
34~25 

·3tJ~26 
3Q~27 
3ll/J28 

t.i 14 TR t X , W rl OS E UPP E P. TR t ANG L E I S ST O ~ E' O C O L. U ~1 t~ W l SE l t~ A O ~, E • D i ME r l S I O i~ AL. ARR A Y , BY DOUB~! PRE C I S l ON A R I TH M ~ T IC e 
91 ,e:·csv·-~TRI PE~r11Rt•1S Tr1C TRIA'·)GUL.A~ OECO~iPOSITI0~-1 OF A SV~').fETRIC TRIDIAGONAL. t-1ATRIX, 
93 SOLSY 11 TRI SOLVES A SVHMETRIC TRJ,!AGO~AL SYSTEM OP LINEAR EQUATIONS, THE T~IANGULAR DECOMPOSITION BEING GIVEN, 
13 JECSOLSY 1tTRI SOLVES A SYM~~ETRIC TRIDIAGONAL SYSTEM OF LINEAR EQUATIONS AND PERFORMS THE TRIDIAGONAL DECOMPOSITION, 
8 1 J ~ C TR I r ER F" 0 R ~1 S A TR I A~ GU L. AR DEC ~~,PO S I T I O ti OF A TR 10 I AGO~ AL MAT RI X • 
83 S~LTRI S~LVES A TRIDIAGO~AL SYSTE~ OF LINEAR EQUATIONS THE TRIAtlGULAR DECOMPOSITION BEING GIVEN, 
63 )tCSOLTRI SOLVES A TRJOlAGO~AL SYSTEM OF LINEAR EQUATIOtJS AND PERFORMS THE TRIANGULAR DECOMPOSITION WITHOUT PIVOTING, 

. • 8 1 D C C TR l P I V P ER F OR ~, S A T R I A : I G J L A R '.) E C O ~1 PO 5 I T l ON OF A T R I D I A GO t 4 A L, ~1 A T R I X , U 5 I NG P A R T 1 AL P l VO i I f-1 G • 
Bl SOLTRIPIY SOLVES A TRIDIAGOl~AL SYSTEM OF LINEAR eQUATIONS THE TRIANGULAR DECOMPOSITIO~ BEING GIVEN, 
83 OECSOLTRIPIV SOLVES A TRIOIAGQfJAL SYSTE~ OF LINEAR ECUATJONS ANO PERFORM! THE TRIANGULAR DECOMPOStTIO~ WITH PARTIAL 

?IvOTit~G. 
3443i) 217 QJ4'JEA9~10 SOLVES A SYSTEM or f~OPl•~INEAR EQUATIONS OF WHICH THE JACOBIA~ ( BEING A SANO MATRIX) ts GIVEN, 
3!l.:J31 217 J:.JA 1~Elf6i·J01 SOLVES A. SYSTE}1 OF '.JO~•Llr-lEAR EQlJATIONS OF W~1ICH TtiE JACOBIAN IS A BAND MATRIX, 
3 4 4 3 2 2 S 9 P ~ A X I S •~ I ! ~ I r~ I Z E S A F lJ I IC T I O ~1 Cl F S ! VE R A L. V A R I A B L E S • 
:; 4 4 3 3 2 3 5 i.t I :4 I \I r•• I ~J I M I Z ES A FU ►4 C T I O ~J OF' O 'l: VAR 1 A 8 LE I N A G I VE ~J I NT ERV AL , 
3qQJS 237 l•I~I'•tOER r11~:1,1IZES A fUt~CTION OF o~~c: VARIABLE Itl A GIVEN INTERVAL, USING VALUES OF THE FUNCTlON ANO OF ITS DERIVATIVE, 
34Ulb 215 ZEROI~~RAT FINDS C IN A GIVEN IllT[RVAL) A ZERO OF A FUNCTION Of O~E VARIABLE 1 

6 

34437 213 J4COBlNF CALCULATES Tt1E JAcoa1A~ MATRIX OF AN N•DIMENSIONAL FUNCTION OF N VARIABLES USING 
3!4438 213 J~C08tl11r CALCULATES TtfE JACO~IA~~ ~!ATRIX Or AN N•Ott.t(t,ISIONAL FUNCTION OF~ VARIABLES USING 
3 4 4 3 q 2 l 3 J AC :) a : : 0 t· 1 D r C A 1-. C I J l. A TE S T ti E J A C 0 f3 I A ~~ .. , A T R I X Of A N N .,, 0 I ME: N $ I ON AL F UN C T I O N OF ~ VA R I A B ~ £ S , I F 

FOR~ARO DIFFERENCES, 
~ORWARD OIFFERENCES 0 

THE JACOBIAN !S KNOWN TO BE A -
!JA ·.10 1 .. ,ATRIX • · 

3q440 21Q ~A~JUAROT CALCULATES THE LEAST S~UARES SOLUTION OF AN OVERDETERMINED SYSTEM OF NON•LINEAR EQUATIONS ~ITH MARQU~RDT 1S 
·-t E: T :~ 0 D • 

3 LA ij Q 1 2 1 q GS S \J E ~TO t-J C AL Cl> L •TES THC I., EA$ T S ~ lJ ARES SOL. lJ TI ON OF AN OVER OE TE A ti I ~~ f O S VS TE M OF' N 0 N • L. I NEAR E OU AT IO t4 S W l TH THE 
3 A :J s s .. t,J E 1~ To ~-, ~, E T r➔ o o • · 

34444 2sq PftDE ESTIUATES U~JKNOWN PARAJiETEqs IN A SYSTE~, OF 1ST ORDER DlFfEREflTIAL EQUATIONS, THE UNKNOWN VAfflABLES MAY APPEAR 
"I :i 'I • l. I 11 C A R l V Rn T H I ;,1 THE () t F F ERE; \l T I AL E QUA T I O ~~ S A. ).JO I T S I N t T I AL \I AL U E S J A SE T OF O 8 SE R VE D VAL U E 5 D F S OM E C OM P ONE N T S OF 
Trit SDLIJTlOl·I or Tt➔ E DIFrERE~TIAL EQUATIONS f1UST BE GIVE~J. 

34453 2S3 ZC~JJr~DER FilJOS C I~J A GIVE~ INTERVAL l A Z~RO OF A FUNCTION OF ONE VARtAB~E USING VA~UES OF THE FUNCTION ANO OF ITS 
DE~IVATIVE• 

2oQ 0 JLZERDS CALCULATES ALL ZEROS OF A POLY'~OHJA~ WITH REAL COEFFICIENT5 1 
• 

31J500 
2b7 QZ?VAL COMPUTES GENERALIZED EIGE~VALUES BY ~,EANS OF QZ.JTERATION 9 
2 b 1 Q Z I C O '1 PU TE S GE ~J E R A L I Z E O E I GE ~IV A ~ U E S A t~ D E I GE ti V £ C T O R S B V ~i E' A tJ S OF' Q Z • l T E R AT l O N , 

34b00 
34601 
34~02 
34603 
31.J b O LI 
34605 
34b0b 
3lio07 
3i.tb08 
3wb09 
314&10 
34611 
3LJ100 

2b1 HS'iDECM 1JL IS A~l ALJXILIARY PROCEOJRE fOQ THE co,1PUTATION OF GE~JER4LIZED EIGENVALUES, 
2b7 ~ESTGLl rs A~ AUXILIARY PRncEO\JRE FOR THE CO~PUTATION OF GENERALIZED EIGENVALUES, 
267 ~E3TGL2 IS AN AUXILIARY P~OCEDl1R! FOR T~'E COMPUTATION OF GENERALIZED EIGENVALUES, 
2b7 ►tS~2COL IS A1l AUXILIARY PROCEDURE FOR THE COMPUTATION OF GENERALIZED EIGENVALUES, 
267 ~s~f3COL IS AN AUKILIARY PROCEDURE FOR TtiE COMPUTATION OF GENERALIZED EIGENVALUES 1 

2&7 ~SPJ2R01~3 JS All ALIXJLIARY PROCEDU~E FOR THE COHPUTATJON OF GENERALIZEO EIGENVA~UES 1 
2b7 ➔ S~2ROW2 IS AN AUXILIARY P~OCED'JRE roR THE CO"PUTATJON OF GE~IERALIZEO EIGENVALUES. 
2o7 ~Sti3q~i~3 IS Atl AUXILIARY f'ROCCDlJRE · FOR THE COMPUTA.TIOtl OF GENERAL.tZEO EIGENVALUES, 
2b7 1iSH3QOW2 IS A'~ AUXILIARY PQOCEDUqE FOR THE COMPUTATION OF GENE~ALtZED EIGENVALUES 0 

2 51 C rl S rt 2 F' I ~l D S A CO '-1 PL EX RO l AT IO r I M 4 TR 1 X 1 
277 SY~DEC2 CALCULATES THE SYHt4ET1IC DECO~POSITION OF A SYHHETRlC MATRIX WHOSE UPPER TRil~GLE IS GIVEN IN A TWO•DIMEN510NAL 

. A~~AY 1 

34701 277 SY~OECi CALCULATES THE SV~METRJC D£COHPOSITION OF A SYH~1ETR1C MATRIX WHOSE UPPER TRIANGLE IS GIVEN COLUMNWISE IN A 
O~E•Dit1ENSlO~AL ARRAY, 

lQ702 z7q SY~OETER~1Z CALCULATES THE O~TCRMIN~NT A SYHHETRlC MATRIX, THE SYMMETRIC DECOMPOSITION BEING GIVEN IN A TWOvDI~ENSlONAL 
• 

AR~AY, 
34703 27q SY~DETERM1 CALCULATES THE DETERM?NANT OF A SYMMETRIC MATRlX, THE SYMMETRIC OECOHPOSlTJON BEING GIV!N. COLUMNWISE IN A 
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O~E•Ol~E~SIO\IAL ARRAV 1 
3~104 261 5Y~SOL2 SOLVES A SYSTEM OF LINEA~ EQUATIONS IF THE COEFFICIENT ~1ATRIX HAS BEEN DECOMPOSED av SYHO!C2 OR SYMDECSOL2. 
3,:.705 as, SY' 4SOL1 -SOLVES A SYSTEM OF' L.I~!EAQ EQUATlO:JS IF' TriE COEF"FICIENT MATRIX HA$ BEEN DECOM?OSED BY SV~DEC1 OR SYMOECSOL1. 
34706 28.l SY·1)ECSOL2 SOLVCS A SYMMETRIC SYSTEM DF LINEAR EQUATIONS 8V SYMMETRIC DECOMPOSITION ( WITHOUT PIVOTING )f THE 

CJfrtICiftJT MATRI~ S~10ULO PE GIV!~-J lN THE lJPPERTRIA~lGLE Or A TWO•DIMENSIONAL ARRAV 0 

· :S 4 7 0 7 2 8 1 SY i.t OE CS O L 1 SOLVES A SY M ! 1 E TR It SYS TE M OF L l NEAR E QUA T I ON S D V SY M ~,ET RIC OE CD MP OS I T ION C w 1 THOU T Pl VO TI NG ) S THE 
C :) E f Fl C IE' fl T ~ A TR l X S ~10 U l, D BE G I VEN COL U ~NW I SE IN A. 0 NE• D 1 ~:Et~ S l O t JAL. ARR A Y • 

3a708 261 SY~INV2 CALCULATES THE INVEqSE OF A SY~~1ETRIC MATRIX, USING THE SYMMETRIC DECOHPOSITION FORt1ED BY SYMOEC2 OR 
s Yl1JECSOL2. 

3q709 253 SY·tI~·JVt CALCULATES T~IE INVERSE: OF A SY~1~1ETRIC r~ATRIX, usxrJG THE SYM~1ETRlC DECOMPOSITION ,-oRMEO BY 5YMOEC1 OR 
S Y '-1 v E C SO~ 1 • 

. 3 4 7 1 o 2 8 3 S Y 1'~ O E C I i-l V 2 C AL C Lt t. A T E S T It E I ►~VER SE OF' A S Y t1 ME T R I C ~1 A T R I X B Y A 5 Y t, MET R I C DEC OM PO S l T 1 0 N ( W I THOU T P l VO T I NG ) P THE 
COEF'FIC!E}~T ~1ATR?X GIVEl·I COLUHt~~ISE tN A TWO•DIMENSIOtJAL, ARRAY, 

3 4 7 1 l 2 S 3 S Y \~ 0 EC I ti V 1 C A L, C U ~ A T C $ T J 'E ? '-! V C R S E OF A S Y M ' 4 E T R I C ~1 A T R I X B Y A S Y M ME TR l C DEC OM PO S I T I ON ( W l THOU T P I VO T 1 NG ) J THE 
CJ E f F IC IE f IT v AT R I X CI VE f ~ COL Ur~~.; W I St l N A o ~-1 E: 111 D I HE ~l S l O ~I AL, ARR A Y 11 

35021 
35022 

·. 1$023 
35027 
35n2e 
35030 
3SuSO 
35051 
35052 
3~053 
3S05U 

2 2 7 E ~ K OP F' LI~ l C T l O N C O t4 F> l J T E S T Hf: CR fl O R F LI ~l C T I Q 1~ . C E RF ) A N D C O MP LEMEN TA RV E RR OR FUN C T l ON ( ER F C ) FOR A R E A ~ AR GUM E N T • 
2 a 7 ~ 0 '·1 Ex PER F C CO ~1 P tJ TES ER F C ( X ) * EXP ( :< * X ) • 
227 IiVtRSE EPROR ,uNCTlO~I CALCULATES THE INVERSE ERROR FUNCTION Y • JNVERF(Xl, 
2 2 7 r i\ E: S ~,EL C A L C 1.J L A T E S T J.I E F RES : J EL. I 'I T E GR AL 5 C C X ) A ~-.' D S ( X ) , 
22·7 FG IS A~, AIJXILIARV PROCEDURE FOR THE co~,PUTATIOtl OF FRESNEL l~JTEGRAl,.S, 
151 l~JCO}iQAtl COriPUTtS TliE ltJCO~APLETE GA~1,~A FU~CTIOfJS, · 

• 

157 I'-JC6ETA CO!tflUTES THC INCOYr:-tL.ETE 9ETA•rt1~JCTlON I(X,P,Q)J O <:: X <• 1, P > O, Q > 0 1 

l 5 7 I a b? L Vs i'' CO~~~ u TE s I r ~ C O ,.4 p L. E. TE OE T A • F u t-J C T l O ~: R A T I Os l ( X , p + N , a ) FOR \J = 0 C 1 ) NM AX , 0 . ( = X (. 1 ' p ) 0 , Q ) 0 It 
1 6 7 I 3 J ? L v S :· t C O ,·1 P lJ T E S I ~ i C O ~1 r 1.. E T ~ BE T 4 • F UN C T 1 0 t·l R A T I O S I ( X , P , Q t N ) FOR N a; 0 ( 1 ) N ~ A X , 0 < 3 X c n 1 , P > 0 , Q > 0 , 
1S7 lXQFIX IS A!·l AUXILIARY PRnCEDURE FOR THE COt1PUTATIO~ OF lNCOHPLETE BESSELFUNCTIONS 1 

107 !XPFIX IS A•J AU~I-LIARY rROCEOL,PE FOR TME C0t1PUTATION OF INCOMPLETE BESSELFUNCTIONS, 
187 FJ~ijARD IS AN AUX1LtARY PROCEDURE ,oR TH! COMPUTATJON OF INC0 ►1PLETE BESSELFUNCTIONS, 

• 

35055 
3505b 
350&0 

187 8~CK~APD IS AfJ AlJXILIARY PROCEDU~E FOR T~t COMPUTATION OF INCOMPLETE BESSELFUNCTIONS, 
157 RECIP GA·1rA CALCULATES THE RECIPROCAL Of THE GAMMA FUNCTION FOR ARGU~ENTS IN THE RANGE ,.s,1,s1, MOREOVER ODD ANO EVEN 

PAQfS ARE DtllVEqED, . 
· 3 ~ 0 & 1 1 B 7 0 A '4 M A C A L C ll L A TE S f ~t E G A I t H A FU 1-1 C T I O t4 , 
350&2 187 LO~ GAHHl CALCULATES TtiE NATUf~AL LOGA~!THM OF THE GAMf1A FUNCTION roR POSlTIVE ARGUMENTS, 

• 

· · 35f.80 183 EI CALCUL"TES T~lt EXPONENTll\L IrlT~GRA~ • 
35081 183 EI ALPHA CALCULATES A SEQlJENCE OF INTEGRALS OF THE FORM INTEGRAL (EXP(•X•Tl•TttN DT), FROM r,1 TO TalNFlNlTY, 
3SOB3 41 JF'~AC CAl.CUL,ATES A TERMINATING CO~lTlNUEO FRACTION, 
35084 185 s1\1caSit~T CALClJLATES T~E SINE J~ITCGRA~ SI(X) ANO THE COSINE INTEGRAL Cl(X), 
35085 185 SI~COSfG IS A!J AUXILIARY PROCEDURC fOR THE SINE AND COSINE INTEGRALS 6 

3 5 0 8 b 1 8 3 E ~·IX C O ►). P l IT E S A S E QUE. t IC E O F E X fl O '~ E 1·J T I A L I " TE GR A L S E ( ~J , X ) := THE I NT t GR A L. r ROM 1 TO l NF I N J TY OF E )( P ( • X * T ) / T * * N O T , 
3SOd7 153 \JJ:•JE;XP E'IX CO,tPUTl:$ A StOlJE_·•~CC JF l~ITE:Gl~AL.S [XP(X) _, ECN,X) 1 

l 5 1 1 t t 8 1 S 1 ~~:. t CO t.i PUT ES TYE HYPER BO L. ! C S t 'J E F OR A Re: AL ARC UM f ► ~ T X • . 
3 5 i 12 l 8 1 C J S ti C O 11 P UT E S TH: H VP E R B O L l C C OS I ! ! E F OR A R EA L A R GU~· f NT X 1 

·. 35111 181 TA.\l~t coi1PUTES THE HYPEROOLIC TAtJGENT FOR A REAL ARGUMENT x. 
3 S 1 1 4 1 81 ~RC 5 I '4 tt COMPUTES Tr' E l t,, VE q SC t{ VP ER 8 0 L l C $ I tJ E FOR A RE AL ARGUMENT X 11 

. 3 5 1 1 5 1 8 1 ARC C ~ S ~t C O }1 f' 1J TE S T •1 E I NV E RS E: i t Y P ER a O L I C C (J S I NE F' 0 R A RE A L A R GUM e: N T X 1 

l S 1 1 b t 9 1 .\ 1 C T A ·it~ C O t.l P !J T E S T HE I NV E RS E !i Y Pc R q O L I C T A r. JG e N T F' 0 R A RE A L A R GUM E >.J T X , 
3 S 1 , o 1 7 q T A "·I C O ~4 P 1 • .1 TE S THE T A i~ GE ~1 T F O R A RE AL A R GU t1 E ~ J T X • 
15121 17q A~CS!"·I C0'1PUTES THE ARCSI'!t FOR A REAL ARGUHE~JT X1 

35122 17q 1qccns co~1rUTES THE ARCCOSINE FOR A RE•L ARGUMENT x, · 

• 

35140 ,q3 AI~Y EVALUATES THE AIRV FU~JCTIO~IS AICZ) AND BICZ) At40 THEIR DERIVATIVES, 
lStQS 243 AIRYZEROS co~rlJTES TH& ZEROS AND ASSOCIATED VALUES Of THE AIRY FUNCTIONS Atcz, AND Bl(Z) AND THEIR OEHIVATIVES, 
351S0 zq7 S?YER BESS J CALCULATES THE SPHE~ICAL BESSEL FUNCTIONS OF T ►IE 1ST KXN01 JtK+,51 (X)tSQRT(Pil(2~Xl), KmO,,,,,N, WHER! 

Jt~+.Sl (X) 0E!40TES THE BESSEL ,u~cTION OF THE 1ST KlND OF ORDER Kt.s. 
35151 zq7 SPHER BESSY CALCULATES TJtE SPHEqICAL BESSEL FUNCTIONS OF THE 3RD KIND~ YtK+,5] (X)•SQRT(PI/(2*X)), K,o,,,.,N, WHE'RE 

• 

q 

YCKt.Sl (X) DE~IOTES T~IE BESSEL FU~CTlO~ OF THE 3RO KIND OF ORDER K+aS, . . 
35152 2Q1 SP~ER BESS I CALCULATES THE MODIFIED SPHERICAL BESSEL FUNCTIONS OF THE JST KIND1 ltKt,5J(X)•SQRT(PI/(2~X)), Kao,,,.,N, 

W~iERE ItK+~SJ (X) DENOTES THE MODIFlED- BESSEL FUNCTION OF THE 1ST KlND OF ORDER K+,5 1 

• 

I: 
0 

N 
I 
~ p.. 

<: 
H 
er., 
H 
0 z 

\P 

.,.. t 

\..0 
....... 
....... 



' 

CO~ i i E ,'j TS OF J< ti l C Ir:; 0 EX '2.bl0~/17 PAGE 10 

. 

35153 247 SPHER BESS K CALCULATES T~tE MOOIFl!O SPHERICAL BESSEL FUNCTIOttS OF THE 3RD KINDi K[I+,Sl (X)tSQRT(Pl/(2tX)) 1 tio,,,,,N, 
"~EP.E I< tit,51 CX). OEtlOTES Tl--lf.: '-1~DIF'IED BESSEL Fl.JftCTION OF THE 3RD Kt~:o OF ORDER I+.s. 

3 5 1 5 4 2 4 7 '•l ~ 'J E x ? SP i 1 ER O E S S I C /\ LC u LA T t S T rl E ~ 0 0 I F I E D S PH t R I C A L. B E S Sf. L FU t ! C T I O i\J S OF T ~·i E: 1 S T K I N O MU L T 1 P I E D B Y E X P C • X ) I 
I t K ♦ , S J C X ) * S QR T C P I / ( 2 * X ) ) * E X P ( • X ) , K t1 0 , , • • , t J , rl H E RE I t K + , 5 J ( X ) D E NO T E S T HE MOO I F I E O 8 E S S EL F UN C T l ON CF T HE 1 ST K I NO OF 
ORr"iER Kt 1 S, 

35155 2U7 \IJ·iE:XP sr~jER OE'SS K CALCULATES Ti-iE MO~lFIEO SPHERICAL BESSEL FUtJCTIO~IS OF THE ~RO KIND MULTIPLIED BY EXPCtX)r 
Ktit.Sl (X)•SQRT(Pl/(2•X))•EXP(+X) , r~o,.,.,N, WHERE Ktit.Sl(X) DENOTES THE MODIFIED BESSEL OF THE JRO KIND OF ORDER 
It,S, 

253 B~SS JO CALCULATES THE ORDINARY 5E8SEL rUNCTION OF THE 1ST KIND OF ORDER ZEROe 
253 9~SS Jt CALC0LATES THC ORDINARY BESSE~ FUNCTION OF THE 1ST Kit~D OF ORDER ONE, . 
251 9ESS J CAL.CULAiES T~fE ORDit·JA~Y BESSEL FUNCTIO~IS OF THE 1ST KI~:r, OF ORDER L ( L :t O, ,, ,,N l • 
253 9ESS Y01 CALCULATES TJIE ORDINARY B~SSEL FUt4CTIONS or THE 2N0 KJND ORDER ZERO ANO O~E WITH ARGUMENT XJ X > o, 

35100 
351b1 
35162 
3S1o3 
3516'4 
:SS1b5 

253 BESS Y CA~CULATES T~IE ORDlfJI\RY BESSEL FUtJCTlO~IS OF THE 2ND Klt-10 or ORDER L, C L • O, 11 ,,,N ) WITH ARGUMENT x, X> o, 
253 BESS PAO IS Atl AUXILIARY PROCEDUQE FOR THE COMPUTATIO~ OF THE ORDINARY BESSEL FUNCTIONS OF ORDER ZERO FOR LARGE VALUES 

0 F T tf E: I R AR GU f 1 EN f , 
l51&b 253 BESS POt IS AN AUXILIARY PROC&DU~E FOR THE COP1~UTATION OF THE ORDINARY BESSE·L FUNCTIONS OF o·RDER ONE FOR LARGE VALUES 

or TffEIR APGU}1ENT, 
3517v 255 aess IO CALClJLATES TJ~E t10DIFIED BESSE~ F'UNCTIOt.J OF THE 1ST KIND OF ORDER ZERO. 
35171 255 3ESS 11 CALCULATES THE ttOOirIEO BESSEL FU~ICTION OF THE 1ST KIND OF ORDER ONE, 
35172 255 9ESS I CALCULATES TtlE MODI'IED BESSEL FU~CTIONS OF THE 1ST KI~O OF ORDER L ( L: O,,,.,N ) 1 
35173 255 3ESS KO! C4LCULATES TIIE MDDIFlEO BESSEL FU~CTIONS OF-TH~ 3RD KIND OF ORDERS ZERO AND ON! WITH ARGUMfNT X, X > o, 
35174 25S BESS K CALCULATES THE MODIFIED OESSEL FUNCTIONS OF Tt➔ E 3RD KIND OF OROER L CL= O,,,.,N l WITH ARGUMENT X, X > 01 
35175 2$5 NOiEXP BESS Io CALCULATES TH~ MODIFIED BESSEL FUNCTIOfJ OF THE !ST KIND OF ORDER ZEROJ THE R~SULT IS MULTIPLIED BY 

EXP{•AOS(X)), 
35176 255 ~o·,exr erss 11 CALCULATES Ttif MO,IFIED BESSEL FUNCTION OF THf 1ST KIND OF ORDER ONEJ THE RESULT IS MULTIPLIED BY 

ExP(aAeS(X)j . 
35177 255 ~JJEXP BESS I CALCULATES THE t100irIED BESSEL FUtJCTIONS OF THE 1ST KIND OF ORDER L ( L ~ o,,,.,N ,, THE RESULT IS 

~JLTIPLIED BY EXPC•ABSCX)) 1 

35178 2SS ~O~EXP SES$ K01 C4LCULATES T•~E MODIFIED BtSSEL FUNCTIONS OF THE SRO KIND OF ORDER ZERO AND ONE WITH ARGUME~T X, X>OJ 
THE RESULT IS ~ULTIPLIED BY EXP(XJ 1 · 

.. 

3517Q ass NO~EXP BESS K CALCULATES THE ,~ODIFIEO BESSEL FUNCTIONS OF THE 3~0 KlNO OF ORDER L (La o,.,.,N) WITH.ARGUMENT x, X>o, 
TiE· RESULT IS ~ULTIPLIED BV EXP(X), 

35180 2qQ SESS JAPL.US~I CALCULATES TttE BESSEt., FUNCTIONS OF THE 1ST KlNO OF ORDER A+K ( O<•K<=N, O«:A<l ) 1 
35161 2Q9 SESS YAOl CALCULATES THE BESSEL FUNCTIONS OF THE ZND ~IND C ALSO CALLEO NEUMANNtS FUNCTlOttS > OF ORDER A A~D A+1 C A)cQ 

) AND ARGUHf~T X>O• 
35182 zqq BESS YAPLUSN CALCULATES TtlE BESSEL FU~CTIO~JS OF THE 2tJD KIND OF ORDER A+N, N~o,, •• ,NMAX, A~•O, A~D lRGUMENT x,o. 
35183 24Q_BESS PQA01 IS AN AUXILIARY PROCEDURE FOR THE COMPUTATlON OF THE BESSEL FUNCTIONS ~OR LARGE VA~UES OF THEIR ARGUMENT 9 
35190 251 BtSS lAPLUSN CALCULATES THE HOOI'lED BESSEL FUNCTIONS OF THE 1ST KIND OF ORDER A+N, Nao,,,,,NMAX, A>•O AND ARGUMENT 

X>mO. 
35191 251 BESS KA01 CALCULATES THE ~ODirIED BESSEL Fl!NCTIONS OF THE 3RD KIND OF ORDER A ANO A+l, A~aO, AND ARGUMENT X, X>O, 
l 5 1 9 2 2 S 1 B E S S K A P ~ U S ~~ C A l.. C UL A T C S T t IE MOD I F I E O 8 E S SE L F I J NC T I ON S OF THE 3 RO K I ~: 0 OF ORO ER A + N , NJ O , • , 1 , N MA X , A ) • O , A ND A R GU ME N 1 

X>O, 
35193 251 ~O'JEXP BESS tAPLUSN CALCULATES T~E ~ODIFIEO BESSE~ FUNCTIONS OF THE 1ST KIND OF ORDER A+N, N=o,,, 1 ,NMAX, A>•O ANO 

4RGU'~EtJT X>;O, MULTIPLIED BY EXPC•X), . 
35194 251 ~o IEXP BESS KA01 CALCULATES T~tE ~OOIFIED BESSEL FUNCTIONS OF THE JRO KIND or ORDER A AND A+l, A>•O AND ARGUMENT x, x,o, 

~JLT!PLlEO av THE FACTOR EXP(X), 
35195 251 ~o:JEXP BESS KAPLUSN CALCULATES T~E HnotFIED BESSEL FU~ICTIONS OF THE 3RD ~IND OF ORDER A+N, N•O,,,,,NMAX, A ► •O AND 

4RGJ~ENT X)Q t1llLTlPLtED BY THE FACTOR EXP(X). . 
lb010 195 NEdTO~ CA~CULATES THE COEFFICIENTS OF THE NEWTON POLVt~OHIAL THROUGH GIVEN INTERPOLATION POINTS A~O CORRESPONDING 

F·J'.JCTIOt~ VAL.JES, 
36020 197 I~t SELECTS A CSuB)SET OF INTEGERS OUT OF A GIVEN SET OF lNTEGERSJ IT IS A~· AUXILIARY PROCEDURE FOR MINMAXPOL, 
lb o 2 1 1 9 7 S ~ ~ RE '1 E Z E )( C HA ti G E 5 A T HOS T ~, + 1 ~ ~ UH 8 E R S W I T H N lJ I~ 8 E RS OUT OF' A R E f E R £ NC E SE T r % T I S A N A U X I L I A R Y PRO C E OUR E r OR ~ I N MA X P O L , 
3b022 197 ~I~~AXPOL CALCULATES T~E COtFrlCIENTS OF THE POLYN011IAL THAT APPROXIMATES A FUNCTION, GIVEN FOR DISCRETE ARGUMENTS, 

S'JC:i T•iAT TtiE I~lFINITV t·JO~t-1 OF THE ERROR VECTOR IS t1I~·IIt~ISfD, · · 
lb401 lot SY'IEIGINP It•PROVES AN APPROXJHATION o, A REAL SYMMETRIC EIGENSYSTEM AND CALCULATES ERROR BOUNDS FOR THE EIGENVALUE8 0 

3b402 299 O~THOG OTrlOGONALlZES SOME AOJACE~T M4TRl~ COLUMNS ACCORDING TO THE H00lrIED GRAM•SMIDT METHOD, 
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lb403 297 ~O~P~R~' PE~MUTES THE ELEMEt4TS OF A GIVEN ROW OF A MATRIX ACCORDING TO A GIVEN PERMUTATION OF 
3b~◊ij 291 VECPERM PER}IUTES 1HE ELEMEIJTS OF A GIVEN VECTO~ ACCORDING TO A GIVEN PERMUTATION OF INDICES, 
3b405 2;7 ~ERGESORT OELlVE~S A PERMUTATIO~ OF I~DICES CORRESPONDING TO SORTING THE ELE~ENTS OF A G?VE~ 
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I i40EX · PROCEOURE CODE 
• 

' 

.• 1. ELEt1ENTARY PRncEDlJRES 
l,REA~ VECT A~n MAT OPERATtor,s • 

1.lNlTIAL.IZAT?ON 
' I tJ I VE C 31010 * INIMAT * 31011 

I~~ I~, AT D * 31012 
INISYf~O 31013 
lNISYMROW 31014 

, 

2 • DU PL 1 C AT IO t4 
OUPVEC * 31030 
OUPVECROW • l1031 
OUPRO~VEC * 31032 
OUPVECCOL * ll03l 
DUPCOL,VEC t l10l4 
OUP~IA T * 31035 

J , i·1 U I. T l P 1- ? C A T r 0 N 
MULVEC 31020 * MULROW • 31021 
MULCOL * 31022 
COLCST * 31111 
ROWCST ~ 31132 

Q.SCALAR PRODUCTS 
1eVECTOR VECTOR PROOUCTS • 

VECVEC * 34010 
• MATVEC * 34011 -

TAMVEC * 34012 
MAT~1AT * 34013 
T,\Mt,4AT * · 34014 
MATTAM • 34015 

' SEQVEC * !401& 
SCAPRD1 * 34017 
SYMMATVEC l'i018 

2,HATRlX VECTOR PRODUCTS 
F'UL,-.AfVEC * 31500 

• FUL.TAM\/EC * 31501 
• FULSYMMATVEC 31502 

RESVEt * 31'503 
SYMRESVEC 31504 

3.MATRIX MATRIX PRODUCTS 
HSHVE:CMAT * 31070 
HSHCOL,~AT • 31071 

• HSHROf.lMAT 31072 * 
MSHVECTAM • 31071 
HSHCO~TAM * 31074 
HSHROWTAM * 31075 

5.ELXMINATION • 

ELHVEC * 34020 
£LMCOL * 34023 
f.LMROA * 34024 
ELMVECCOL * 34021 
ELMCOLVEC • * 34022 
EL~VECROW • * 3LJ02o • 

ELMROWVEC * 34027 
• 

ELMCOL,ROW * 34029 
1. 1. s. EL,MRO~COL * l40Z8 

• 

MNT/YR 

APR/74 
APR/74 
APR/7Q. 
APR/74 
APR/7lJ 

APR/7l.l 
APR/74 
APR/74 

, 

APR/74 
APR/74 
APR/74 

APR/74 
AP~/74 
APR/74 
APR/74 
APR/74 

DEC/75 
DfC/7, 
OEC/75 
DEC/75 
DEC/75 
Of.C/75 

- Of.C/75 
OE.C/75 
DEC/75 

O~C/75 
OEC/75 
OEC/75 
OEC/75 
OfC/75 

JAN/7b 
JA~/7b 
JAN/7& 
JAN/7b 
JAN/7o 
JAN/7o 

• 

APR/74 
APR/74 
4PR/7Q 
APR/7/J 
APR/74 
APR/74 • 

APR/74 
APR/74 
APR/14 

PECORD 
NUMB£f\ 

1. 
1 
1 
1 
1 

3 
3 
l 
l 
:s 
3 

5 
• 5 

5 
5 
5 

7 
7 
7 
1 
1 
1 

' 7 
7 

15 
15 
15 
15 
15 

• 

2bq 
2&9 
2bq 
~bq 
269 
269 

q 
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9 
q 
q 
9 
9 
9 
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1 I 

I 'IDE X 

• 

1 • S. 
b • I t~ TE RC ti A I JG I t,.J G 

7,ROTATION 
• 

6 • ~-IORMS 

9 • SCAL l tJG 

2,CO~PL VECT AND M4T OPERATIONS 
1 • 
,. 
3 i ~,UL T l P L I C A T I ON 

' 

4.SCALAR PRODUCTS 

S,ELlHINATION 
• 

&,INTERCHAtlGING 
7aROTATIO~ 

s.~lOR~,s . 

9,SCALI•~G 
• 

3,CO"iPLEX ARITii~!E.TIC 
1 • ~1 O ii AO IC OPE~ 4 TIO I J 8 

• 

2.DYADlC OPER4TIONS 

l, z. • 

• 

PROCEDURE 

MAXELt1ROW 

ICHVEC 
ICHCOL 
ICHROW 
lCHRO~COL 
ICHSEQVEC 
ICHSEQ 

ROTCOL 
ROTROW 

l ~J F r I R •~ V E C 
I NFtJRMROW 
l r.J F ~J R MC O L 
I NF N R ~1 ~1 A T 
ONENRMVEC 
ONENR~1ROW 
ONENRMCOL. 
ONE~lR ~IMA T 
A BS ~'i A X MA T 

REASC~ 

COMCOLCST 
COMROriCST 

COMfAATVEC 
HSHCOMCOL 
HSHCOMPRO 

ELMCOMVECCOL 
£1,.~COMCOL 
EL,MCOHROWVEC 

ROTCOMCOL 
ROTCOHROW 
CHSH2 

COMEUCNRM 

COMSCL. 
SCLCOM 

COMABS 
COHSQRT 
CARPOL. 

COMMU~ 
COMDIV 

• 

• 

• 

COOE 

* 34025 

* 3'1030 
t 34031 
• 34032 
* 34033 
itr 3" 03" 
tt 34035 

• 31.iOqO 
* l/.401.11 

* 310b1 
w 310bZ 
* 310&3 
* 310b4 
* :S10b5 
* 310bb 
t 310&7 
• 31008 
* 11069 

34183 

· lll352 
3Q:SS3 

14354 
3'435S 
3435b 

34316" 
34377 
J1.13·18 

34357 
34356 
llJ&11 

34359 

3U193 
34360 

3ij340 
3431.il 
34.3qq 

343/Jt 
34:S4Z 

-• 

• 

MNT/YR · RECORD 
NUMBER 

APR/7lJ 

APR/74 
APR/74 
AP~/71.1 
APR/74 
APR/71.1 
APR/7'1 

APR/74 
APR/74 

• 

OCT/75 
OCT/75 
·oCT/7S 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 

APR/74 

MAY/74 
MAY/74 

MAY/74 
MAY/7~ 
MAY/7'4 

MAY/14 
MAY/74 
MAY/74 

J4N/7b 
JAN/70 
JAN/1b 

DE.C/15 

DEC/7S 
DEC/75 

MAV/7ij 
MAV/74 
MA.Y/14 

MAY/74 
MAY/74 

• 

• 

q 

1 1 
11-
11 
1 1 
1 1 
1 1 

13 
13 

2/J 1 
241 
241 
241 
21.J 1 
241 
21.11 
2tJ 1 
2'J 1 

17 

21 
21 

23 
2l 
23 

2S 
25 
25 

267 
287 
287 

31 

29 
29 

35 
JS 
lS 

37 
51 

• 

• 

• 
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I~lOEX 

1, 4,LO~G INTEGER ARITHMETIC 
• 

S • L O ~4 G RE A L. AR I TH:, 1 E T I C 
1.fLEM 0 ARITHMETIC OPERATIONS 

• 

Z,SCALAR PRODUCTS 

• 

• 3 • CON V E ~ S IO t~ 

• 

• 

YE R S I ON. & 71 0 S O 1 

• 

PROCEDURE 

LNGI~JTADO 
L~JG IN TSUATRAe T 
LNGINTMULT 
LNGlNTDlVIOE 
L, "~GIN TPOWE R 

DP ADD 
OP SUB. 
DP ~1UL 
DP DIV 
Of) POW 
LNG ADO 
LNG SUB 
LNG MUl. 
LNG DIV 
LNG POW 

LNGVECVEC 
LNG~1A TVEC 
LNGTAH\/CC 
L t..JGt~A T t~A T 
LNG T A ~- r,t A T 
LNGMATTAM 
LNGSEQVEC 
LNGSCAPR01 
LNG$ Vt-11-1 AT VEC 
i.;NGf'ULMATVEC 
LNGF"UL.TAt.lVEC 
LNGFUL,5YMMATVEC 
L~;G~ES VEC 
LNGSYMRESVEC 

LNGREATODEC! 

• 

, 

CODE 

31200 
31201 
11202 
31203 
31204 

• 31101 
• 31102 
• 31103 
* 31104 

31109 
tt ll105 
* 3110b 
• 31107 
* 51108 

31110 

if 3ti410 
* 341.111 
• 3Q412 
• 3tl4ll 
• 34Q14 
* 34ij15 
t 3441b 
t 34411 

· 34416 
* 31505_ 
• 3150& 

.. 
31501 
31508 
31509 

. 

31100 

HNT /YR. 

OCT/74 
OCT/7q 
OCT/74 
OCT/74 
OCT/74 

MRC/77 
MRC/77 
MRC/77 
Mf.i.C/77 
MRC/77 
MRC/77 
MRC/77 
MRC/77 
MHC/77 
MRC/77 

JAN/7b 
JAN/7o 
JAN/7b 
JAN/7& 
JAN/7b 
JAN/7b 
JAN/7b 
Jl-.~/1b 
JAN/Tb 
JAN/7o 
JAN/7o 
JA~/7b 
JAN/76 
JAN/7b 

MRC/77 

• 

• 

RE.CORO 
NUMBE.R 

• 

201 
201 
201 
201 
201 

2 ·11 
271 
271 
271 
271 
271 
271 
271 
271 
271 

285 
265 
285 
285 
285 
285 
265 
285 
285 
285 
285 
285 
285 
265 

289 

• 
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" 

" 

• 

• 

• 

INDEX 
• 

• 

2.ALGEORAIC EVALUATIONS 
1.EVAL. OF A f"ItJITE SERIES 
2,£VAL~ OF POLYNO~IALS 

1.EVAL, OF GENERAL POLY~OMIALS 
1.POLYNOMlALS IN GRUNERT FORM 

21 POLYNOMlALS IN NEWTON FORM 

i,EVAL, OF ORTHOGON, POLYNOMIALS 
"" 1,GENERAL ORTHOGON, POLVNOMlALS 

2,CHE6YCHEV POLYNO~tALS 

• 

3,tYAL, o, TRIGONOM, POLYNO~IALS 
1,EVAL. Or FOURIER SERIES 

~" 

' 3,EVA~. OF CONTINUED FRACTIONS 

4 1 OPERAT ro~:s ON POLYNOMIALS 
1 • TRA~4SF I OF REPRESEtlTATION 

• 

Z,OP, ON GENERAL POLYNOHIALS 

J.OP, ON ORTHOGONAL POLYNOMIALS 

S,FAST FOUqIER TRANSFORH 

• 

• 

VERS?O~Ja 770501 

• 

PROCEOURE 

POL 
TAYPOL 
NOROERPOL. 
OERPOL 

NEWPOL 

ORTPO~ 
ALLORTPOL 
SERORTPOL. 

CHEPOL 
ALLCHE:POL 
CHEPOL.SfR 

StNSER 
COSSEtl 
FOliSER 
FOlJSERt 
FOtJSf R2 
COHF'OUSER 
COMrOUSERt 
COMFOUSERZ 

JFRAC 

NEWGRN 
POLCHS 
PO~CHS 

AOOPOL 
$U8POL, 
MULPOL 
OlFPOL 
INTPOL 

INTCHS 

FFT 

.. 

• 

• 

• 

' 

CODE 

l10LJO 
31241 
31242 
31243 

31041 

31044 
l10t.S 
310/J7 

310Q2 
310'13 
3104b 

31090 
31oq1 
31092 
l1093 
31094 

. l1oq5 
J109b 
31097 

35083 

31050 
31250 
11051 

3105:S 
31054 
3105t! 
31055 
31057 

31246 

31300 

• 

• 

MNT/YR 

OCT/75 
OCT/75 
OCT/75 
OCT/75 

RECORD 
NUMBER 

zqs 
2£15 
2tJ5 
245 

NOT VET AVAILABLE 

NOV/76 
NOV/7o 
NOV/7o 

OCT/75 
OCT/75 
OCT/75 

OCT/74 
OCT/74 
OCT/7'4 
OCT/74 
OCT/74 
OCT/74 
OCT/7ij 
OCT/7'4 

MAV/74 

DEC/75 
NOT YET 
NOT YET 

293 
293 
2Ql 

229 
229 
22q 

201 
203 
203 
203 
20l 
203 
20:S 
ao:s 

41 

43 
AVAll..ASL.E 
AVAIL.ABLE 

NOT YET AVAILABLE 
NOT YET AVAILABLE 
NOT VET AVAILABLE 
NOT VET AVAILABLE 
NOT YET AVAILABLE 

OCT/74 zos 

NOT YET AVAILABLE 

• 

• 

N 
I 

::l 
p.. 

< 
H 
Cf) 

H 
0 z 

\fl 

~ 
0 

I 4' 

\.0 
.....J 
.....J 



• 

INDEX 
' 

• 

• 

l,LINEAR ·ALGtBRA 
• 

3. 

t .Lli~EAR SYSTE~S 

• 

• 

I • 

1 • F' l1 L. L ~1 A T R I C E S 

• 

• 

'. 

1 , S QUA R E t~ 0 N • S I t l G :. IL A R MA T R I C E S 

1 • 

1.REAL MATRICES 

1. 

1,GENERAL MATRICES 
11 PREPARATORY PROCEDURES 

2,CALCULATION OF OETERMI~JANT 
• 

~ 6 S0LUTIO~ OF ~INEAR EQUATIONS 

4.MATRIX INVERSION 

S.ITERATlVELV IftPROVED SOLUTION 

Z •SY Mt1E TR IC PO S DEF' P-4 AT R l CE S 
1,PREPARATORY PROCEDURES 

2aCA~CULATION OF DETERMINANT 

3,SOL,UT?ON OF. LINEAR EQUATIO~IS 

4,MATRIX INVERSION 

],GENERAL SYMMETRIC MATRICES 
11 PREPARATORY PROCEDURES 

• 

3 • 
2,CALCULATION OF D[TERMINANT 
z. 

• 

PROC!:DURE 

DEC 
GSSEL~1 
ONE~IRriINV 
E RBEL ~1 
GSSE:R6 
GSSNRI 

OtTERM 

SOL 
DECSOL 
SOLELH 
GSSSDL 
GSSSOl.ERB 

INV 
OECINV 
I ~JV 1 
GSSINV 
GSSINVERB 

ITISOL. 
GSSITISOL 
ITISOL,ERB 
GSSITlSOLERB 

CttLOEC2 
C~iLOEC1 

CHLDETERMl 
CHLOETERM1 

CHLSOL2 
CHLSOL1 
C ti L DE C S O L 2 
CHLDECSOL.1 

CHLIN\/2 
CHLINV1 
CHLOECINV~ 
CHLDECIN\11 

SYMDEC2 
SVMDECt 

SYMOETERM2 

• 

• 

CODE 

34300 
34231 
31J240 
3lJ2'41 
34242 
34252 

3U303 

34051 
34301 
340b1 
3<i232 
l~2Q3 

34053 
31.1302 
3££235 
34i;?3b 
342ul.l 

3ij250 
34251 
31.l25l 
34254 

3U310 
l4l11 

3t..312 
3431:5 

3q3qo 
343Q1 
343g2 
34393 

3~400 
3uuo1 
34qo2 
l'ILiOl 
• 

34700 
34701 

3470~ 

MNT/YR 

MAY/74 
MAY/74 
MAV/1~ 
MAY/7'4 
MAY/7~ 
MAY/7'4 

-MAY/71.'t 

MAY/74 
MAY/74 
MAY/74 
MAY/7'4 
MAY/7q 

MAY/71J 
MAY/74 
MAV/74 
MAV/7e. 
MAY/74 

MAY/74 
MAY/74 
MAV/1Q 
MAV/74 

MAY/74 
MAV/14 

MAY/7q 
MAY/74 

MAY/7'4 
MAV/74 
MAV/74 
~AY/74 

MAV/74 
MAY/14 
MAY/74 
MAY/74 

• 

JAN/7& 
JAN/76 

• 

JAN/7b 

RECOR~ 
Nt.JMHE R 

t!S 
U5 
QS 
IJ5 
4~ 
45 

47 

49 
4q 
4q 
4q 

-~<} 

51 
51 
51 
51 
51 

Sl 
53 
53 
53 

55 
55 

57 
sr 

59 
59 
5q 
SQ 

bl 
b1 
b1 
b1 

277 
277 

219 

• 

I: 
n 

['-.:> 

I 
tj 
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H 
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H 
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3 • 1 • 
• 

• 

• 

• 

3. 1 • 

1. 

I!lt>E>C 
• 

1 • 1 • 3, 2 • 
l.SOLUTIO~ OF LIN~AR EQUATIOflS 

4.~1ATRIX INVERSION 

2.ca~1,.,LEX 'tATRlCES 
2 • F' u LL R A ~; K n VE t{ 1) £ T e R : I s Vs T E H s 

1 • RE AL i·1 A T R I CE S 
1.PREPARATOf>Y PROCEDIJRES 

20 LEAST SQIIA~ES SOLUTION 

3 , I : : VCR S E t1 A T ~ I X OF N (l R :1 A L E Qt l • 

2.co,"PLEX ::ATRICES 
3 0 0THER Pttt)i3L£·'"'S 

1 .[\EAL i1ATRICES 
1 • SOL UT IO i J D VE~ DETER 1-' I ~JED SYS T 

2 , S O L. U T I n ~l UN D E RD E T E R ti S V S T £~IS 

3 , S J L LI T I O ~.: I I O ;.t O G E :~ E O U S E Q U A T I O ~~ 

4 0 PSFUOO•INVtRSION 

2 , C O ~· PL E ;: tt A T P I C E S 
2 " SP AK SE ;1 Ai RICE .3 

t ,0!RECT r-1ETtf()D5 
1. REAL ''A TRl CES 

1 • ~.JON• S Y "' '1 E TR I C ~,AT R I CE S 
1 • B A :· J D ~1 A T ~ I C E S 

1,rREPARATORV PROCEDURES 

• 

• 

2.CALCU~ATION or DETERMINANT 

31 SOLUTION OF LINEAR EQUATIONS 

z. 1 I 1. 

20 TRIDIAGONAL MATRICES 
16 PREPARATORV PROCEDURES 

11 2. !,CALCULATION OF DETERMINANT 

PROCEOUR£ 

SYMOETERM1 

SVMSOL2 
SY !1 SD~ 1 
SYHDECSOLZ 
S Y ~1 DE C 5 0 L 1 

s Y '"INV 2 
SYtiINVJ 
SY MD E C l ~~ V 2 
SY MD EC l tJ V 1 . 

LSnORTD~C 
LSQ0GL.IrJV 

LSQSOL 
LSQORTDECSOL 

LS~INV 

SOLSVDOVR 
SOLOVR 

SOLSVDU~ID 
s rlL Ul~D 

ti OHS O L 5 VD 
HOMSOL 

PSDINYSVD 
PSOINV 

DECBND 

DETERMBt~D 

SOLBr-10 
OECSOL8ND 

DECTRI 
DECTRlPIV 

• 

COOE 

3"70:S 

31.1704 
34705 
3£170b 
34707 

34708 
34709 
34710 
Jl.j711 

34134 
34132 

3£l131 
34135 

l413b 

34280 
34281 

lll282 
l'-'283 

3 IJ 284 
34285 

34286 
34287 

3LJ320 

34521 

34071 
34322 

34423 
:S442c 

MNT/YR R£CORO 
NUfwi6£R 

• 

JAN/76 279 

JAN/7b 281 
JAN/76 281 
JAt-.//7b 281 
JAN/7b 281 

• 

JAN/76 283 
JAN/7o 283 
JAN/1b 28l 
JA"1/7b 283 

• 

MAY/74 63 
MAY/71.J, b~ 

MAY/74 
MAV/74 

OCT/74 

MAY/74 
MAY/74 

MAY/7'4 
MAY/74 

MAY/74 
~AY/74 

MA.Y/7Q 
MAY/7'4 

JUN/74 
• 

JUN/7Q 

JUI\J/71.1 
JUN/74 

JUN/74 
JUN/74 

bS 
b5 

207 

o7 
67 

b q 
b9 

71 
71 

7l 
1J 

75 

77 

79 
79 

81 
81 

• 

• 

I: 
0 

N 
I 

:::, 
p.. 

<::: 
H 
~ 
H 
0 z .., 
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3. 
• 

1 • ,. 1 ' 

• 

INOEX 

1 I 

• 

1 • Z • 3 , SO ~UT l O \J OF t. I N EA R E Q lJ AT I ON S 

3.BLOC•TR!DIAGOtlAL ~ATRICES . 
2.SVMl1ETRIC POS DEF ~1AT~ICES 

1,BAND ,iATRICES 
1,PREPARATORY PROCEDURES 

• 

2,CALCULATION OF DETERMINANT 

3,SO~UTIO~ OF LINEAR EOLJAT?ONS 

2.TRIDIAG~NA~ MATRICES 
1,PREPARA roqy PROCEDJJRES 

2.CALCU~Arror, OF DETERMINANT 
3,30LUTIO~ OF LINEAR EQLIATIONS 

3.3LOC•TRIDIAGONAL MATRICES 
2.COHPLEX HATRICES 

2 • I TERA T IVE l·1 l T ti O t' 5 
1 ·;RE AL :.1 AT RICES 

• 

2 • C 8 '-~PL E X f 1 A T P. I C E S 
.? , TR.\,'~ SF OR '-1 AT l O ,~ T n St EC 1 AL F' 0 R '-1 

1 • S I ~1 I L A R l T Y T f? A ti S F" 0 R ,.., A T I O 1 I S 
1 • e: (J !.l IL I I) f, A T I (1 N 

• 

1 I RE AL !-i A T r. I C E s 

2 • C 0 t,I P l.. E X ~, A T R I C E s 

• 

2,. Tf1At1Sr TO IIE,S3e;~GERG rORM 
laREAL MATRICES 

1 • SY M ti E T R I C ~, A T R I C £ S 

2 •AS Y t1 iit TR IC ~14 TR ICES 

2 • C O !·1 PL. E X rt A TR I C E S 
1 • JI t: RM I T I AN ~l A T R I C E S 

l. 2, 1. 2. Ze 1 • 

• 

PROCEDURE 

SOLTRI 
OECSOL.TRI 
SOLTRIPIV 
DECSOLTRIPIV 

CHLDECB~JD 

Cr1L.OETERM8ND 

C ~1 L 5 o L f\ .,1 O 
CtlLOECSOL.BND 

OECSY~TRI 

SOLSY~1TRI 
DCCSOLSYt-~TRI 

CONJ GRAD 
CONJ RESI 

E'1ILBR 
BAKLBR 

El')ILBRCOM 
BAKL8RC:OM 

TFfi'SY'1TRI2 
BAKSY'1TRI2 
Tf'MF'RE:Vf.C 
r rt·' s Y ~· r ;.: 11 
8AKSYMTRI1 

• 

Tf MRE A ►iES 
8AKREAHES1 
8AKREAHES2 

HSHHR,~TRI 
H S ~I HR '1 TR I VA L. 
8 AK ~t R ,'1 TR I 

-

CODE 

34424 
3i,i/J25 
l4427 
34428 

34330 

34331 

34332 
34333 

34420 

34421 
ltl422 

34220 
34221 

-

34173 
3U17~ 

343b1 
:S'43b2 

34140 
34141 
341tJ2 
341~3 
3Q14ll 

34170 
34171 
34172 

3436! 
34364 
343b5 

MNT/YR 

JUN/7~ 
JUN/74 
JUN/7'4 
JUN/74 

JUN/7Q 

JUN/71.J 

JU~/74 
JUN/7'1 

JUN/74 

JU~-./74 
JUN/74 

REC r_lRD 
!lw u ,..., i3 t. ~ 

,. 

83 
Bl 
83 
83 

85 

87 

8Q 
8'1 

Qt 

q3 
q3 

JUN/74 95 
NOT YET AYAILA6~E 

JUN/7/J 
JUN/14 

JUN/7/J 
J'JN/74 

JUN/74 
JUN/74 
JUN/71.f 
JlJ~/7 4 
JLJN/74 

JLJ~ I 7 4 
JUN/7Q 
JUN/74 

JUN/74 
JU~/7q 
JUN/71.1 

97 
97 

qq 
QQ 

• 

l O 1 
101 
1 01 
1 0 1 
101 

103 
101 
103 

105 
105 
105 

• 

a: 
n 

N 
I 

::J 
0.. 

< 
H 
en 
H 
0 z 

'41 

I t 

\0 
......., 
~ 



• 

l ~-IOE X 

3 • 2 • · 1 , 2 , 2 • 2 , N ON • r1 E R ~· t I T I A ~ J.i A T R I C E S · 

z.aTHER TRA''Src1R:~Arrc1NS 
· i. TRA;:sr TO 8IOIAGO,'JAL. FOR11 

• 

l • r< EAL t1 A TR l CE S 

2,cnr,PLEX r1ATRICE:S 
3,THE (nRDINARY) EIGE;1v PROBLEM 

1 • r.? E A L ?·l A T f~ I C E $ 
t • S Y ii : 1 E T R l C t·~ A T 11 t C E S 

• 

1, TRIC'lAGOtlAl. r1ATRICES 

• 

2,FULL MATRICES 

3. I TERA TI v E I ► 1 PR o v E \1 Et-Jr 
1,AUXILIARY PROCEDURES 

2 0 0RTtlOGONALISATION 

l,IMPROVEMENT ANO !RRORBOUNDS 

Z0 ASYMHETRIC MATRICES 
!.MATRICES I~J HESSE~BERQ FORM 

2.FULL MATRICES 

a.COMPLEX r1ATR1CE5 
1,HERHlTtAN MATRICES 

' 

l. J, 2. 1. 

• 

PROCEDlJRE 

HS•~CO~HES 
BAKCOM~IES 

HSHREABIO 
P 5 T T F ► i t-t A T 
PRETFMMAT 

VALSVMTRI 
VECSYMTRI 
QRIVAL.SYMTRI 
QRISY"1TRI 
RATGRl 

EIGVALSYM2 
e: IGS Y ~12 
EIGVALSYMl 
EIGSYt11 
QR I VAL.SY~, 
QRISYr~ 
QR1VAL.SVM1 

MERGE SORT 
VECPERM 
ROWPERM 

• 

OATHOG 

SYMEIGINP 

R£AVALGR? 
REAVECHES 
REAQRI 
COMVAL.QRI 
C O r-1 V f. C H E S 

Rr.AEIGVAL 
REAEIG1 
REAEIG2 
REAEIG3 

' COMEIGVAL 
COMEIG1 
COMEIG2 

EIGVALHRM 
EIGHRM 

' 

• 

COOf 

3ti3bb 
3"307 

3LJ260 
342t>l 
liJ2b2 

34151 
34152 
31.1160 
lUlb1 
3416b 

3ti15:S 
3Lt154 
l415S 
3415& 
l4162 
341bl 
34164 

361i05 
361.104 
3&403 

3&402 

3&401 

34180 
l4181 
3'418& 
:s41qo 
3'4191 

34162 
34184 
34185 
34167 
34192 
• 

3U194 
34195 

M~T/VR 

J !J tJ I 7 lJ 
JUN/74 

JUN/7t. 
JUN/74 
J\JN/74 

JUL/7~ 
JUL./74' 
JUL/74 
JUL/74 
NOT YE.T 

JUL/74 
JUL/74 
JUL/7U 
JUL/74 
JIJL/74 
JUL/7~ 
J1JL/7Q 

NOV/1b 
NOV/76 
NOV/7b 

WOV/7& 

NOV/7b 

JUL/71J 
JUL/14 
JUL/71J 
JUl./74 
JUL/74 

JUL/74 
JUL/74 
NOT YET 
JUL/74 
JUL./74 
JUL/74 
NOT YET 

343b8 JUL./74 
3UJb9 · JUl./74 

RE.coqo 
~U~HE:R 

107 
107 

109 
109 
109 

11 l 
111 
1 1 t 
1 1 1 

AVAILABLE 

113 
113 
113 
113 
113 
113 
113 

aq1 
2q7 
297 

2qq 

301 

11·s 
115 
115 
115 
115 

117 
11 7 

AVAILABLE 
117 
111 
117 

AVAILABLE 

119 
119 

' 
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n 
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• 

3. 
• 

• 

' 

• 

l~DEX 
' 

3. a. 1. 
•• 2.NON•HERHITIAN ~ATRICES 

1.HATRlCES IN HESSENBERG FORH 

2.FULL MATRICES 
• 

' 

a,THE GE~IERALlZED ElGENV PROBLEt1 
1 • RE Al 1-1 A T R I C £ S 

1.sv~:1ETRIC MATRICES 
2 1 A SY tt ME TR IC ~1 AT R I CE S 

' 

• 

• 

s.SINGULAR VALUES 
1 • RE Al >~ A TR I C ES 

1 ., B I O l A GO N A L ~1 A T R I C E S 

2.FULL MATRICES 

2.COHPLEX HAT~ICES 
b. ZEROS Or POL YflO~~ I OiLS 

1.ZERDS or GENERAL REAL POLYNOH, 

a~ZEROS OF O~THOGONA~ PO~YNOM, 

l,ZEROS OF. COMPLEX POLYNOMIALS 

• 

Vt~SIO~& 710501 • 

' 

• 

PROCEOURE 

QRIVA~HRM 
QRIHRM 

VALQRICOM ' 

QR I C0~1 
' 

ElGVALCOM 
EIGCOM 

QZlVAl. 
QZI 
HSt◄ DECMUL 
HESTGL.3 
HESTGl,2 
HSH2COL 
HSH3COL 
HSH2ROW3 
HSH2ROW2 • 

HSH3ROW3 
HSH3ROWZ 

QRfSNGYALBID 
QRISNGVALOECBIO 

QR?SNGVAL 
QRISNGVALOEC 

POLZEROS 

ALLZERORTPOL 
LUPZf:RORTPOL 
SELZERORTPOL 

COMKWO 

• 

• 

• 

• 

CODE 

34370 
34371 

34372 
34371 

34374 
3U375 

JijbOO 
3~001 
ltlbOZ 
l4b0l 
3460'1 
34bOS 
34606 
lL1607 
:3Qb08 
31do09 
34&10 

34270 
342.71 

• 

3ti272 
lU273 

l'ISOO . 

31362 
313(;)3 
l1:Sb4 

:SLJ34S 

MNT/VR 

JUL/74 
JUL/7Q 

JUL./74 
JUL./7Q 

JUL/74 
JUL/74 

JAN/7& 
JAN/7b 
JAN/7b 
JAN/76 
JAN/7b 
JAN/7b 
JAN/76 
JAN/76 
JAP../7b 
JAN/76 
JAN/7b 

JUL/74 
JUL/74 

' 

JUL/74 
JUL./74 

OCT/74 

OCT/74 
OCT/7ij 
OCT/71+ 

JUL./14 

• 

RECORD 
NUi"~oE R 

119 
11 q 

121 
121 

123 
12l 

201 
267 
267 
267 
2b1 
2o7 
2b7 
2b7 
21>7 
2b7 
201 

125 
125 

127 
127 

209 

211 
211· 
211 

129 
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• 

• 

I tJOEX 
• 

• 

4. AN AL'( Tl C EVA L 1.J AT l Of~ S 
1.EYAL. or Af~ Ii·ltINITE SERIES 

2.~JADRATURE 

. 

1 • 0 ~J E • v I ~-1 E 11 S I O ~i A I. QUA OR A TUR E 
• 

2 • ~tUL TI DI MENS l ONAL QUAORA TURE 

3eGAUSSIAN QUADRATURE 
' 

3.\JU~1ERlCAL OIJ:tE~ENTIATIO\J 
1 • F ll ~JC T I O :~ S CF' 0: i E V A R l A 6 L E: 
2 6 ftJ~iCTIONO OF r1QRE VARIABLES 

• 

l,CALC. WITH DirFERENCE FORMULAS 
• 

• 

VERSIONS 770501 

• 

' 

• 

• 

• • • 

.,, • 

• 

• 

PROCEDURE 

EULER 
SUt-4POSSERIES 

QADRAT 
l~JTEGRAl,. 

TRICUB 

GSSJACWGHTS 
GSSI.AGWGHTS 

JACOBN~JF 
J AC 0B t~~if 
JACOB'-JBNOF 

, 

·-

• 

• 

• 

• 

CODE 

• 

32010 
32020 

32070 
!2051 

32075 

Jtl.125 
31427 

34437 
34438 
34439 

• 

MNT/YR 

JUL/7lt 
JUL./74 

JUL/7'4 
JUtr/7i.i 

OCT/'75 

NOV/7b 
NOV/76 

OCT/74 
OCT/74 
OCT/74 

RECORD 
NUMBER 

131 
131 

1 .53 
13$ 

257 

291 
iCJ 1 

213 
213 
213 

tv-
1 
[ 

H 
Cl) 

H 
0 
z 

'1,1P 

• 

I: 
n 

l 11 f 

\.0 

"' -...J 

• 



• 

' 

• 

INOEX 
• 

$,ANALYTICAL PROBLEPtS 
1,.NALYTtCAL EQUATIONS 

• 

s • 

. 1,NO~~•LINEAR E.GUATIOtlS 
10 A SINGLE EQIJATION 

2,4 

1.NO DERIVATIVE AVAILABLE 

2.0ERIVATlVE AVAILABLE 

SYSTEM OF EQUATIONS 
1,AUXILIARY PROCEDURES 
2.JAC06IAN MATRIX NOT AVAlLASLE 

3,J4COBIAN ~ATRIX AVAl~ABLE 

3 • POL Yr• 0 ll I A L C Q LI A T I ON S 
SCE ALSO SECT!O~I 31 b 

2 • u N c o ,,, s r RA r "1 E o o P r I r 1 t z A r 1 a N 
t,FUNCTIONS or ONE VARIABLE 

!.DERIVATIVE tlOT AVAILABLE 

2.DERIVATIVE AVAILABLE 

2 , r U :~ C T l Ott S () r t ~ 0 RE VAR I A BL ES 
1.AUXILIARY PROCEDURES 

• 

Z.NO OERIVATIVCS AVAILAB~E 

l.GRADIEIJT AVA!l..ARL.E 

4,GRADlENT & JAC0814N AVAILABLE 

3 • OVER D E TE" f: ' 1 I '-J E O t JO NL I : ~EA R S Y S T , 
1,LEA$T SQUARCS S~LUTIO~S 

SEE' ALSO SECTIOi~ 7 e 
laALlXILlARY P~OCEDU~ES 
2.JACOUIA~ MATRIX NOT AVAILABLE 

SEE ALSO SECTION S,1,2,2,2. 
3.JACOu!AN ~ATRIX 4VAI~ABLE 

!,FUNCTIONAL EQUATI0 1~S 
1.DIFF'ERENTIAl, EQUATIO~JS 

' 

1,INITIAL VALUE PROBLEMS 
; ,.FIRST OROER ORDINARY o.e, 

2. 1. 1. 1. 1.~o DERIVATIVES RHS AVAILABLE 

• 

• 

• 

· PROCEDURE 

• 

• 

ZEROl~I 
. 

ZERO I t~RA T 

ZEROINDtR 

8ROWNLS 
QUA ~iE W 
QLIANEWl 
QUANEWBNO 
QUA ~E wa~,o 1 

NEWRAP 
DAMPED NEWTON 

fiil"llN 

~INlNOER 
• 

LINEMIN 
RNK1UPO 
OAVUPO 
FL.EUPD 

PRAXIS 

R~lKtMIN 
FLEHIN 

NEWTONMIN 

MARQUARDT . 
GSSt~E rlTON 

• 
~ 

• 

COOE 

34150 
3/J4lb 

3i.i~5l 

34450 
34451 
34452 
34430 
3Ut.i31 

34202 
ltJ200 

3'4~33 

. :SI.IIJJS 

34210 
34211 
31.1212 
3Q21l 

3Ll'l32 

3qz14 
34215 

34203 

l/J440 
34441 

• 

• 

M'-JT/YR 

OCT/75 
OCT/75 

OCT/75 

Rf.COAD 
NUMBER 

' 

215 
21S 

233 
• 

NOT YfT AVAILA8Le 
NOT YET AVAILABLE 
~OT YET AVAI~ABLE 
OCT/74 217 
OCT/74 217 

NOT VET AVAILABLE 
NOT YET AVAILABLE 

OCT/75 

OCT/75 

OEC/75 
DEC/75 
OEC/75 
DEC/75 

OCT/15 

OEC/75 
OEC/75 

235 

231 

139 
139 
1 :sq 
139 

2]q 

19 
19 · 

NOT YET AVAILABLE 

OEC/75 
OEC/75 

• 

21q 
219 
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• 

• 

. s. 2. 1 • 

• • 

• 

• 

• 

1. 

• • 

I t~OEX 

• 

• 

• 

1. 1 • 

• 

• 

2,JACOBIAN MATRIX AVAILABLE 
• 

• • 

SEE ALSO PROC. MULTISTEP cs.2,1.1,1.1, 
3,SEVERAL DERIVATIVtS AVAILABLE 

2.SECONO ORD~R ORDlNARY O,E, 
1.~o DERIVATIVES RHS AVAILABLE 

• 

• • 

2,SCVERAL DERIV. RHS AVAILABLE 
l,I~ITIAL 80UN~ARY VALUE PROBLEM 

2,BOUNOARV VALUE PROBLEMS 
1.rwo POINT B,V.P, 

1 , S t f O C) T 1 ~ J G :1 E T ~ O O S . , 
SEE ALSO SECTION S.2,1,1 1 1 

2,LINEAR GLOBAL METHODS 
t.SECO~D OROfR TPBVP 

1.s~~r ADJOINT TPSVP 

2,SKEW ADJOINT T~BVP 

2,FOURTH ORDER TPBVP 
1,SELF' ADJOINT TPBVP 

2,SKEW ADJOINT TPBVP 
3,NON•LINEAR G~OSAL METHODS 

2.T~O-DitlENSto:~AL a.v,P, 
1 •ELLI PT x·c a, V, P • S 

1,0ISCRETIZATION PROCEOUR!S 
2,SPECIA~ L!~JEAR SYSTEMS 

• 

' 
SEE ALSO SECTION !,t.a 

l.SPEClAL NON•~INEAR SYSTEMS 
iaPARASOLJC & HYPERaOLIC B.V 1 P,S 

s. 2. 1. z. 3.MULTl•OlMENSIONA~ a.v.P. 
' • 

- PROCEDURE 

RK1 
RKE 
RKUA 
RK4t~A 
RKStJA 
MULTI STEP 
OIFFSYS 
ARK 
EFRK 

EF s·r RI< 
EFERK 
LINIGER1VS 
LINIGER2 
I f~PEX 
GMS 

• 

• 

MODIFIED TAYLOR 
EXPONENTIALLY FITTED TAYLOR 

RK2 
RI< 2 !~ 
Rr:3 
RK3N 

ARl<MAT 

• 

FEM LAG SYJ.-1 
FEM LAG 

FEM LAG SKEW 

FEM HERM SYM 

• 

• 

RICHARDSON 
ELIMINATION 

• 

• 

• 

• 
CODE 

33010 
33033 
33016 
33017 · 
33018 
33080 
:S3160 
330b1 
33070 

131&0 
33120 
33132 
33131 
l3135 
33191 

!30QO 
33050 

!3012 
, 33013 

3301(4 
l3015 

• 

3306& 

33300 
33301 

33302 

33303 

33170 
33171 

• 

MNT/YR 

AUG/7'1 
DtC/75 
AUG/74 
AUG/7" 
AUG/74 
AUG/14 
AUG/74 
OEC/75 
AUG/7~ 

AUG/74 
AUG/7'1 
OCT/74 
AUG/74 
OCT/75 
OCT/74 

AUG/74 
AUG/7Q --

AUG/74 
AUG/74 
AUG/74 
AUG/74 

NOV/'16 

JAN/7o 
JANl7b 

JAN/7b 

JAN/76 

OCT/7/J 
OCT/74 

RECORD 
NUMBER 

• 

1 " 1 
14l 
145 
147 
149 
151 
153 
155 
157 

159 
161 
,21 
1b5 
231 
223 

1b1 
1b9 

171 
173 
175 
177 

295 

2b1 
Zbl 

2bl 

2bS 

225 
225 

• 

• .. 

• 
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• 

• 

• 

? tJOE X 
• 

• 

S. . 2 1 1,· 2, t1.0VEn .. DtTER:1t:.JED P~OBLE:'-1S 
3 • P A q A t~ E T E ~ E S T I ~1,\ T I O ~ ·J I N D , E 1 

1,P,E, I:, INITIAL VA~UE PROBLEMS 

2,INTEGRA~ EQUATIO!JS . 
l, I ~J TE GR O • D 1 F' FER E }! Tl Al. t Q S 
Q1 DIFFtRCNCE EQUATIONS 
5,CONVOLUTION EQUATIO~S 

' 

• 

VERSIO~I 770S01 

• 

• 

• 

• 

• 

PROCEDURE 

PEIOE 

-

• 
• 

• 

• 
• 

CODE 

• 

3444/J 

---• 

• 

M~T/YR 

OCT/75 

• 

• 

RECORD 
NU~16f R 

259 

- - • 
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• 

{f· 

. z:•tOEX · 

• 

b.SPECIAL FU~CTIONS & CONSTANTS 
. 1,HATHEMATICAL CONSTAtlTS · 

• 

• 

• 

2.MACHl~E CONSTANT$ 

3, R,,\NDO.'i tJU'18ERS 

4 • EL.EME\tTARY FUIJCT IONS 
1.CIRCULAR FUNCTIONS 

i.HVPERBOLIC ,UNCTIONS 

' . 5,EXPONENTIAL Ir4TEGRAL, ETC,· 
1.EXPONENTIAL INTEGRAL 

• 

2.SIN! AND COSINE INTEGRAL 

. 

6.GA4HA FUNCTlON, ETC 1 • 

7,ERROR FUNCTION, ~TC, 

• 
• 

b, a.LEGENDRE FUNCTIO~S 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

.PROCEDURE 

PI 
E 

· MBASE 
ARREB 

.. DWARF 
GIANT 
?NTCAP 
OVERFLOW 
UNDERFLOW 

RANDOM 
SETRANDOM 

TAN 
ARCSIN 
ARCCOS 

8INH 
COSH 
TANH 
ARCSINH 

- ARCCOSH 
ARCTANH 

• 

Et 
El ALPHA 
E~IX . 
NOt-lEXP tNX 

8INCOSINT 
81NCOS,G 

GAM~1A 
RECIP GAMMA 
LOG GAMMA 
%NCOMGAM 
INC8ETA 
IBPPLUSN 
IBQPLUSN 
IXQFIX 
IXPFIX 
10RW.4RD 
BACKWA~O 

• 

• 

ERRORFUNCTIO~ 
NONEXPERFC 

• 

• 

INVtRSE ERROR FUNCTION 
FRESNEL 
'" 

CODE 

* 3000t> 
* 30007 • 

t 30001 
* 30002 
* lOOOl 
t 30004 
t 30005 
* 30008 
• 30009 

30010 
30011 

35120 
35121 
l5122 

35111 
35112 
35113 
35114 
15115 
35116 

35080 
3~081 
35086 
35057 

35084 
35085 

35061 
35060 
350bZ 
:550 .so 
.35050 
35051 
35052 
l50SJ 
35054 
350S5 
35050 

35021 
35022 
35021 
35027 
35028 

• 

MNT/YR RECORD 

JAN/7b 
JAN/76 

JAN/7o 
JAN/7b 
JAN/7b 
JANl1b 
JANl1b 
JAN/7& 
JAN/76 

· NUMBER 

213 
273 

275 
275 
275 
275 
275 
275 
275 

NOT YET AVAILABLE 
~OT YET AVAl~AB~E 

SEP/7Q 
S~P/74 
SEP/74 

• 

SEP/14 
SEP/7t, 
SE.P/74 
SEP/74 
SE.P/74 
SEP/74 

_SEP/TU 
SEP/71& 
SfP/74 
SEP/7'1 

SEP/14 
SEP/1'1 

SEP/7Q 
SEP/7l& 
SEP/74 
SEP/74 
SEP/74 
SEP/74 
SEP/74 
SEf)/74 
SEP/74 
SEP/74 
SEP/74 

OCT /74 · 
OCT/7#4 
OCT/74 
OCT/14 
OCT/fq 

119 
11q 
179 

181 
181 
181 
181 
181 
181 

183 
183 
18l 
18l 

185 
185 

181 
1a1· 
187 
181 
187 
187 
187 
181 
187 
187 
187 

227 
227 
.227 
227 
227 . 

• 

• 
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• 

• INDEX 
• 

be 9-BESSEL fUNCTtONS OF I~T. ORDER 
1.6ESS·EL FUNCTIONS J ANO Y . 

• 

' . 
' 

• 

• 

· 2,SESSEL FUNCTIONS I AND K 

• 

I.KELVIN FUNCTIONS 
lO~BESSEL FIJNCTIONS OF REAL OR0ER 

1.BESSEL FUNCTJOr~s J ANO V 

• 

2.BESSEL 'UNCTIONS l ANO K 

• 

3.SPHERICAL BESSEL FUNCTIONS 

• 

4,AIRY f"UI\JCTIONS 

• 

VERSIO~s 770S01 

• 

• 

' 

• 

• 

-

• 

• 

• 
• 

· PROCEOURE 

• 

BESS JO 
BESS J1 
BESS J 
BESS Y01 
BESSY 
BES$ PQO 
BESS PQ1 

8ESS IO 
BESS Il 
BESS I 
BESS K01 
BESS K 

• 

NO ~-l EX P B ~ S S I 0 
NONE:XP BESS 11 
NONEXP 6ESS l 
NONEXP BESS K01 
NONEXP BESS K 

BESS JAPLUSN 
BESS YA01 
BESS YAPL.USN 
B.E:SS PQA01 

• BESS lAPLUSN 
BESS KA01 
BESS KAPLUSN 

• 

NONEXP BESS I4PLUSN 
NONEXP BESS KAOt 
NONEXP· BESS KAPLUSN 

SPHER BESS J 
SPHER BESSY 
SPHER BE:SS I 
SPHER BESS K 
NONEXP SPHER BESS I 
NONEXP SPHER BE$S K 

A IRV . • 

A IRYZEROS · 

• 

• 

• 

• 

• 

• 

• 

'It 

COD! 

l51b0 
l 51 b 1' 
351E>2 
351bl 
351&4 
351b5 
351b6 

35170 
35171 
35112 
351'1J 
!5174 
35175 
3511& 
35177 
35178 
:ss11q 

35180 
35181 
35182 
35183 

35190 
35191 
35192 
35193 
35194 
Js1q5 

35150 
. 35151 

3!5152 
35153 
35154 
35155 

• 

35140 
35145 

-

• 

. 

MNT/VR 

OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 
OCT/75 

OCT/75 
· OCT/75 

OCT/75 
OCT/75 
OCT/7S 
OCT/15 
OCT/75 
OCT 17·5 
OCT/75 
OCT/75 

OCT/75 
OCT/75 
OCT/75 
OCT/75 

OCT/75 
_ OCT /75 

OCT/75 
OCT/75 
OCT/75 
OCT/15 

OCT/75 
OCT/75 
OCT/15 
OCT/75 
OCT/75 
OCT/75 

OCT/75 
OCT/75 

RECORD 
NU"'BER 

• 

253 
25.3 
25:S 
253 
253 
253 
253 

255 
255 
,ss 
iss 
255 
255 
zss 
,ss 
255 
255 

z4q 
249 
2Q9 
cl.I 9 

251 
251 

·2s1 
251 
251 
251 

247 
241 
247 
247 
247 
241 

243 
243 

-• 

• 

• 

• 

• 

• 

' 
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• 

• 

INOCX 
• 

., 

-7 • ZNTERPOL.A T tot: & APPROXtMA TI Of~ 
·!,REAL DATA 1:1 ONE ~I~ENSJO~ 

1.INT!RPOLATIO~J, ~lTH 
1,POLY>JOMI 4L.S 

' 

1.GE~ERAL roLYNOMIA~S 
' 

2,0RlHOGONAL POLYNO~IALS 
z.sPL1NES 

1.GENERAL SPLI~ES 
2.i~ATURAL SPLINES 

3, TRIGONO~IE fRIC SERIES 
1.F01JRIER SERIES 
Z,.SINE SE.Rlf.5 
3.COSitJE SERIES 

'l,PATIONlL FUtlCTIO~S 
S,EXrONE~TIAL FUNCTIONS 

z • APP~ ox I ,,. A r 1 n ~ 1,1 2. No R \4, w I TH 
1,GENERA~ ru~1cr1or1s 

SEE ALSO SECTION S.l,3,1 
2.POL.Y~JO\f?AL,S 

1.GfNERAL POLYNOHIA~S 
2.0RTHOGONAL POLYNOMIALS 

3.SPllNES 
• 

1,GENERAL SPLit~ES 
2.NATURAL SPLI~ES 

4,TRIGO~OHETRIC SERIES 
S,RATIONA~ FUtlCTIONS 
&.EXPONENTIAL FUNCTIOr~s 

3.APPROXI~ATtON lN lt~F .. NORH,l~tTH 
1,GENER4L FUNCTIOt~S 
2.POLYNOMJALS 

1.G!~ERAL POLYNOMIA~S 
• 

• 

2.CRTHOGONAL POLYNO~IA~S 
3,TRIGOMQMETRIC SE~lfS 
4 • RA T I O ,_, AL. F U ~IC T I O ~JS 

41 APPROXIHATION IN !•NORM, WITH 
1 • G E -~ER A L r U ~JC T I ON S 
2 • POL YNo,1 I ALS 

2 • RE A l. 0 A T A I ~ J ~ 1 0 RE O I •·1 ENS 1 0 NS 
3,R~AL FUr;CTICNS IN 1 DIMENSION 

1,?0l, Y~~0~1IALS 

. 

VERSIONt 770501 • 

• 

• 

• 

• 

t:-· 

• 

• 

• 

PROCEDURE' 

NEWTON 

• 

• 

INI 
SNOREHEZ 
MlNMAXPOI. 

• 

• 

• 

• 

• 

• 

., 

CODE 
-

• 

lb010 

• 

31>020 
!bOZl 
lb022 

• 

• 

MNT/VR - RECORD 

SEP/74 

OEC/75 
OEC/75 
OCT/75 

NUMBER 

• • 

195 

1Q7 
197 
1 q7 

N 
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en 
1-f 
0 z 
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