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nt r oduct i on

LAPACK i s pl anned t o be a l i near al gebr a l i br ar y f or hi gh- per f ormance comput er s . The

l i br ar y wi l l i nc l ude For t r an 77 s ubr out i nes f or t he anal ys i s and s ol ut i on of s ys t ems of s i -

mul t aneous l i near al gebr ai c equat i ons , l i near l eas t - s quar es pr obl ems , and mat r i x e i genval ue

pr obl ems . Our appr oach t o achi evi ng hi gh e�ci ency i s bas ed on t he us e of a s t andar d s et of

Bas i c Li near Al gebr a Subpr ogr ams ( t he BLAS) , whi ch can be opt i mi zed f or each comput i ng

envi r onment . By con�ni ng mos t of t he comput at i onal wor k t o t he BLAS, t he s ubr out i nes

s houl d be t r ans por t abl e and e�ci ent acr os s a wi de r ange of comput er s .

Thi s wor ki ng not e des cr i bes howt o i ns t al l and t es t t he s econd t es t r e l eas e of LAPACK.

LAPACKi s s t i l l under deve l opment and al l of t he r out i nes pr es ent ed at t hi s t i me s houl d be

r egar ded as pr e l i mi nar y ver s i ons . Thi s r e l eas e i s be i ng made avai l abl e onl y t o our t es t s i t es

and i s i nt ended onl y f or t es t i ng, and not f or gener al di s t r i but i on. We expect t he t es t i ng t o

r eveal weaknes s es i n t he des i gn, and we pl an t o modi f y r out i nes t o cor r ect any de�ci enc i e s .

The i ns t r uct i ons f or i ns t al l i ng, t es t i ng, and t i mi ng ar e des i gned f or a per s on whos e

r es pons i bi l i t y i s t he mai nt enance of a mathemat i cal s of twar e l i br ar y. We as s ume t he i ns t al l er

has exper i ence i n compi l i ng and r unni ng For t r an pr ogr ams and i n cr eat i ng obj ect l i br ar i es .

The i ns t al l at i on pr oces s i nvol ves r eadi ng t he t ape, cr eat i ng a s et of l i br ar i es , and compi l i ng

and r unni ng t he t es t and t i mi ng pr ogr ams .

Thi s gui de combi nes t he i ns t r uct i ons f or t he Uni x and non- Uni x ver s i ons of t he LAPACK

t es t package, s o mos t i ns t al l er s wi l l not have t o r ead ever y s ect i on. The f ol l owi ng s ect i ons

� s s s e NS N. AS -87157 8.
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des cr i be t he i ns t al l at i on pr oces s and s houl d be cons i der ed r equi r ed r eadi ng:

Uni x ver s i on: Sect i ons 1, 2, 3. 5, and 4

Non- Uni x ver s i on:Sect i ons 1, 2, and 5

Sect i on 2 des cr i bes how the �l es ar e or gani zed on t he t ape, and Sect i on 3 gi ves a gener al

over vi ewof t he par t s of t he t es t package. St ep- by- s t ep i ns t r uct i ons appear i n Sect i on 4 f or

t he Uni x ver s i on and i n Sect i on 5 f or t he non- Uni x ver s i on.

For us er s des i r i ng addi t i onal i nf ormat i on, Sect i ons 6 and 7 gi ve det ai l s of t he t es t and

t i mi ng pr ogr ams and t hei r i nput �l es . Appendi ces Aand B br i e
y des cr i be t he LAPACK

rout i nes and auxi l i ar y r out i nes pr ovi ded i n t hi s r e l eas e . Appendi x C l i s t s t he oper at i on

count s we have comput ed f or t he BLAS and f or s ome of t he LAPACKrout i nes . Appendi x

D, ent i t l ed \Caveat s ", i s a compendi umof t he known pr obl ems f r omour own exper i ence s ,

wi t h s ugges t i ons on how t o over come t hem. Appendi x E cont ai ns t he execut i on t i mes of

t he di �er ent t es t and t i mi ng r uns on two s ampl e machi nes .

Rel eas e 2 of LAPACKi ncl udes updat es of al l of t he s of twar e f r omRel eas e 1, wi t h t he

f ol l owi ng addi t i ons :

� Rout i nes f or t he mat r i x e i genval ue pr obl em, i nc l udi ng t he r educt i ons t o bi di ago-

nal , t r i di agonal , or upper Hes s enber g f orm, s ome of t he r out i nes f or �ndi ng e i gen-

val ues /e i genvect or s and s i ngul ar val ues /s i ngul ar vect or s , t es t pr ogr ams , and t i mi ng

pr ogr ams

� Newbl ock f act or i zat i on al gor i t hms f or s ome of t he l i near equat i ons r out i nes , i nc l udi ng

SGBTRF ( U f act or i zat i on of a gener al band mat r i x) , SSYTRF ( f act or i zat i on of a

s ymmet r i c i nde�ni t e mat r i x) , and SGELQF ( f act or i zat i on of an m�n mat r i x f or

m n)

� I t er at i ve r e�nement of s ol ut i ons obt ai ned us i ng each of t he f act or i zat i on r out i nes f or

l i near equat i ons

Ther e have al s o been a number of r evi s i ons t o cor r ect bugs , i mpr ove e�ci ency, s i mpl i f y

cal l i ng s equences , and i mpr ove t he appear ance of out put . You s houl d des t r oy t he �r s t

r e l eas e ver s i on of LAPACK.

Thi s r e l eas e cont ai ns onl y s ome of t he r out i nes t hat wi l l be par t of LAPACK; f or a

compl et e l i s t of t he pr opos ed cont ent s , s ee [ 2] .

We have pl anned one mor e t es t r e l eas e of LAPACKbef or e t he publ i c r e l eas e i n 1991.

The t hi r d t es t r e l eas e wi l l be i n t he f al l of 1990.

Tape ormat

The s of twar e f or LAPACKi s di s t r i but ed i n t he f ormof a t ape whi ch cont ai ns t he For t r an

s our ce f or LAPACK, t he Bas i c Li near Al gebr a Subpr ogr ams ( t he Level 1, 2, and 3 BLAS)

needed by LAPACK, t he t es t i ng pr ogr ams , and t he t i mi ng pr ogr ams .
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Fi gur e 1: Uni x or gani zat i on of LAPACK

2. ni ersion

I n t he Uni x ver s i on, t he s of twar e i s di s t r i but ed on a tar t ape cont ai ni ng a number of

di r ect or i es as s hown i n Fi gur e 1. Each of t he l owes t l eve l di r ect or i es i n t he t r ee s t r uct ur e

cont ai ns a make�l e t o cr eat e a l i br ar y or a s et of execut abl e pr ogr ams f or t es t i ng and t i mi ng.

Li br ar i es ar e cr eat ed i n t he LAPACKdi r ect or y and execut abl e �l es ar e cr eat ed i n one of

t he di r ect or i es BLAS, TESTI NG, or TIMI NG. I nput �l es f or t he t es t and t i mi ng pr ogr ams

ar e al s o f ound i n t hes e t hr ee di r ect or i es s o t hat t es t i ng may be car r i ed out at t hat di r ect or y

l eve l .

2.2 on ni version

I n t he non- Uni x ver s i on, t he s of twar e i s di s t r i but ed on an unl abel ed ASCI I t ape con-

t ai ni ng 161 �l es . Al l �l es cons i s t of 80- char act er �xed- l engt h r ecor ds , wi t h a maxi mum

bl ock s i ze of 8000.

I n t he i ns t al l at i on i ns t r uct i ons , each �l e wi l l be i dent i �ed by t he name gi ven bel ow, and

we r ecommend that you as s i gn t hes e names t o t he �l es when t he t ape i s r ead. Fi l es wi t h

names endi ng i n ` F' cont ai n For t r an s our ce code; t hos e wi t h names endi ng i n ` D' cont ai n

dat a f or i nput t o t he t es t and t i mi ng pr ogr ams . Ther e ar e two s et s of dat a f or each t es t

and t i mi ng r un; dat a �l e 1 f or smal l , non- vect or comput er s , s uch as wor ks t at i ons , and dat a

�l e 2 f or l ar ge comput er s , par t i cul ar l y Cr ay- c l as s s uper comput er s . Al l �l e names have at

mos t e i ght char act er s .

The l eadi ng one or two char act er s of t he �l e name gener al l y i ndi cat es whi ch of t he

di �er ent ver s i ons of t he l i br ar y or t es t pr ogr ams wi l l us e i t :
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28. SBLAS3F Level 3 BLAS

29. CBLAS3F

30. DBLAS3F

31. ZBLAS3F

32. SBLAT2F Tes t pr ogr amf or Level 2 BLAS

33. CBLAT2F

34. DBLAT2F

35. ZBLAT2F

36. SBLAT2D Dat a �l e f or t es t i ng Level 2 BLAS

37. CBLAT2D

38. DBLAT2D

39. ZBLAT2D

40. SBLAT3F Tes t pr ogr amf or Level 3 BLAS

41. CBLAT3F

42. DBLAT3F

43. ZBLAT3F

44. SBLAT3D Dat a �l e f or t es t i ng Level 3 BLAS

45. CBLAT3D

46. DBLAT3D

47. ZBLAT3D

48. SCATGENF Auxi l i ar y r out i nes f or t he t es t mat r i x gener at or s

49. DZATGENF

50. SMATGENF Tes t mat r i x gener at or s

51. CMATGENF

52. DMATGENF

53. ZMATGENF

54. ALI NTSTF Auxi l i ar y r out i nes f or t he l i near equat i on t es t pr ogr am

55. SLI NTSTF Tes t pr ogr amf or l i near equat i on r out i nes

56. CLI NTSTF

57. DLI NTSTF

58. ZLI NTSTF

59. SLI NTSTD Dat a �l e 1 f or l i near equat i on t es t pr ogr am

60. DLI NTSTD

61. CLI NTSTD

62. ZLI NTSTD
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63. SLI NTS2D Dat a �l e 2 f or l i near equat i on t es t pr ogr am

64. DLI NTS2D

65. CLI NTS2D

66. ZLI NTS2D

67. AEI GTSTF Auxi l i ar y r out i nes f or t he e i gens ys t emt es t pr ogr am

68. SCI GTSTF

69. DZI GTSTF

70. SEI GTSTF Tes t pr ogr amf or e i gens ys t emr out i nes

71. CEI GTSTF

72. DEI GTSTF

73. ZEI GTSTF

74. NEPTSTD Dat a �l e 1 f or t es t i ng Nons ymmet r i c Ei genval ue Pr obl em

75. SEPTSTD Dat a �l e 1 f or t es t i ng Symmet r i c Ei genval ue Pr obl em

76. SVDTSTD Dat a �l e 1 f or t es t i ng Si ngul ar Val ue Decompos i t i on

77. NEPTS2D Dat a �l e 2 f or t es t i ng Nons ymmet r i c Ei genval ue Pr obl em

78. SEPTS2D Dat a �l e 2 f or t es t i ng Symmet r i c Ei genval ue Pr obl em

79. SVDTS2D Dat a �l e 2 f or t es t i ng Si ngul ar Val ue Decompos i t i on

80. ALI NTIMF Auxi l i ar y r out i nes f or t he l i near s ys t emt i mi ng pr ogr am

81. SCI NTIMF

82. DZI NTIMF

83. SLI NTIMF Ti mi ng pr ogr amf or l i near equat i ons

84. CLI NTIMF

85. DLI NTIMF

86. ZLI NTIMF

87. SLI NTIMD Dat a �l e 1 f or t i mi ng dens e l i near equat i ons

88. DLI NTIMD

89. CLI NTIMD

90. ZLI NTIMD

91. SBNDTIMD Dat a �l e 1 f or t i mi ng banded l i near equat i ons

92. DBNDTIMD

93. CBNDTIMD

94. ZBNDTIMD

95. SBLTIMAD Dat a �l e 1- a f or t i mi ng t he BLAS

96. DBLTIMAD

97. CBLTIMAD
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98. ZBLTIMAD

99. SBLTIMBD Dat a �l e 1- b f or t i mi ng t he BLAS

100. DBLTIMBD

101. CBLTIMBD

102. ZBLTIMBD

103. SBLTIMCD Dat a �l e 1- c f or t i mi ng t he BLAS

104. DBLTIMCD

105. CBLTIMCD

106. ZBLTIMCD

107. SLI NTM2D Dat a �l e 2 f or t i mi ng dens e l i near equat i ons

108. DLI NTM2D

109. CLI NTM2D

110. ZLI NTM2D

111. SBNDTM2D Dat a �l e 2 f or t i mi ng banded l i near equat i ons

112. DBNDTM2D

113. CBNDTM2D

114. ZBNDTM2D

115. SBLTM2AD Dat a �l e 2- a f or t i mi ng t he BLAS

116. DBLTM2AD

117. CBLTM2AD

118. ZBLTM2AD

119. SBLTM2BD Dat a �l e 2- b f or t i mi ng t he BLAS

120. DBLTM2BD

121. CBLTM2BD

122. ZBLTM2BD

123. SBLTM2CD Dat a �l e 2- c f or t i mi ng t he BLAS

124. DBLTM2CD

125. CBLTM2CD

126. ZBLTM2CD

127. AEI GTIMF Auxi l i ar y r out i nes f or t he e i gens ys t emt i mi ng pr ogr am

128. SCI GTIMF

129. DZI GTIMF

130. SEI GTIMF Ti mi ng pr ogr amf or t he e i gens ys t emr out i nes

131. CEI GTIMF

132. DEI GTIMF

133. ZEI GTIMF
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134. SEI GSRCF I ns t r ument ed LAPACKrout i nes and auxi l i ar y r out i nes

135. CEI GSRCF

136. DEI GSRCF

137. ZEI GSRCF

138. SNEPTIMD Dat a �l e 1 f or t i mi ng Nons ymmet r i c Ei genval ue Pr obl em

139. SSEPTIMD Dat a �l e 1 f or t i mi ng Symmet r i c Ei genval ue Pr obl em

140. SSVDTIMD Dat a �l e 1 f or t i mi ng Si ngul ar Val ue Decompos i t i on

141. CNEPTIMD

142. CSEPTIMD

143. CSVDTIMD

144. DNEPTIMD

145. DSEPTIMD

146. DSVDTIMD

147. ZNEPTIMD

148. ZSEPTIMD

149. ZSVDTIMD

150. SNEPTM2D Dat a �l e 2 f or t i mi ng Nons ymmet r i c Ei genval ue Pr obl em

151. SSEPTM2D Dat a �l e 2 f or t i mi ng Symmet r i c Ei genval ue Pr obl em

152. SSVDTM2D Dat a �l e 2 f or t i mi ng Si ngul ar Val ue Decompos i t i on

153. CNEPTM2D

154. CSEPTM2D

155. CSVDTM2D

156. DNEPTM2D

157. DSEPTM2D

158. DSVDTM2D

159. ZNEPTM2D

160. ZSEPTM2D

161. ZSVDTM2D

Overvi e of Tape Cont ent s

Mos t r out i nes i n LAPACKoccur i n f our ver s i ons : REAL, DOUBLE PRECI SI ON, COM-

PLEX, and COMPLEX*16. The �r s t t hr ee ver s i ons (REAL, DOUBLE PRECI SI ON, and

COMPLEX) ar e wr i t t en i n s t andar d For t r an 77 and ar e compl et e l y por t abl e ; t he COM-

PLEX*16 ver s i on i s pr ovi ded f or t hos e compi l er s whi ch al l ow thi s dat a t ype. For conve-

ni ence, we of t en r ef er t o r out i nes by t hei r s i ngl e pr ec i s i on names ; t he l eadi ng ` S' can be
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r epl aced by a ` D' f or doubl e pr ec i s i on, a ` C' f or compl ex, or a ` Z' f or compl ex*16. For

LAPACKus e and t es t i ng you mus t dec i de whi ch ver s i on( s ) of t he package you i nt end t o

i ns t al l at your s i t e ( f or exampl e , REAL and COMPLEXon a Cr ay comput er or DOUBLE

PRECI SI ONand COMPLEX*16 on an I BMcomput er ) .

3. LAPAC outines an Au iliar outines

A s l i ght di s t i nct i on i s made between LAPACKrout i nes and LAPACKauxi l i ar y r ou-

t i nes . An LAPACK rout i ne i s a s ubr out i ne t o per f orma di s t i nct al gor i t hmi c t as k, s uch

as comput i ng t he U decompos i t i on of an m�n mat r i x or �ndi ng t he e i genval ues and

ei genvect or s of a s ymmet r i c t r i di agonal mat r i x us i ng t he al gor i t hm. The LAPACK

rout i nes ar e des cr i bed i n [ 2] and f ol l ow the nami ng convent i ons gi ven t her e . An LAPACK

auxi l i ar y r out i ne i s a s ubr out i ne t o per f orma spec i �c t as k whi ch i s cal l ed f r omone of t he

LAPACKrout i nes . The t as ks per f ormed by t he auxi l i ar y r out i nes ar e us ual l y s i mpl er and

may be appl i cabl e i n mor e t han one cont ext . Mos t auxi l i ar y r out i nes have t he pr e�x xLA;

except i ons ar e our ext ens i ons t o t he Level 1 and 2 BLAS, whi ch have BLAS- t ype names ,

and t he s pec i al r out i nes LSAME, ENVI R, XENVI R, and XERBLA.

For a compl et e l i s t of t he LAPACK rout i nes i n t hi s r e l eas e , s ee Appendi x A. For a

compl et e l i s t of t he LAPACKauxi l i ar y r out i nes , s ee Appendi x B. Fur t her det ai l s on t he

s cope of t he LAPACKproj ect ar e avai l abl e i n [ 2] .

3.2 Level 2 an 3BLAS

The BLAS ar e a s et of Bas i c Li near Al gebr a Subpr ogr ams t hat per f ormvect or - vect or ,

mat r i x- vect or , and mat r i x- mat r i x oper at i ons . LAPACKi s des i gned ar ound t he Level 1, 2,

and 3 BLAS, and near l y al l of t he par al l e l i smi n t he LAPACKrout i nes i s cont ai ned i n t he

BLAS. Ther ef or e , t he key t o get t i ng good per f ormance f r omLAPACK l i es i n havi ng an

e�ci ent ver s i on of t he BLAS opt i mi zed f or your par t i cul ar machi ne. I f you have acces s t o

a l i br ar y cont ai ni ng opt i mi zed ver s i ons of s ome or al l of t he BLAS, you s houl d cer t ai nl y

us e i t ( but be s ur e t o r un t he BLAS t es t pr ogr ams ) . I f an opt i mi zed l i br ar y of t he BLAS i s

not avai l abl e , For t r an s our ce code f or t he Level 1, 2, and 3 BLAS i s pr ovi ded on t he t ape.

Us er s s houl d not expect t oo much f r omthe For t r an BLAS; t hes e ver s i ons wer e wr i t t en t o

de�ne t he bas i c oper at i ons and do not empl oy t he s t andar d t r i cks f or opt i mi z i ng For t r an

code.

The f ormal de�ni t i ons of t he Level 1, 2, and 3 BLAS ar e i n [ 7] , [ 5] , and [ 3] . Copi es of

t he BLAS Qui ck Ref er ence car d ar e avai l abl e f r omthe aut hor s .

3.3 LAPAC est outines

Thi s r e l eas e cont ai ns two di s t i nct t es t pr ogr ams f or LAPACKrout i nes i n each dat a t ype.

One t es t pr ogr amt es t s t he r out i nes f or s ol vi ng l i near equat i ons and l i near l eas t s quar es

pr obl ems ( as i n t he �r s t r e l eas e) and t he ot her t es t s r out i nes f or t he mat r i x e i genval ue

pr obl em. The r out i nes f or gener at i ng t es t mat r i ces ar e us ed by bot h t es t pr ogr ams and ar e

s epar at ed f r omthe ot her t es t r out i nes .
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3. LAPAC i in outines

Thi s r e l eas e al s o cont ai ns two di s t i nct t i mi ng pr ogr ams f or t he LAPACKrout i nes i n

each dat a t ype. One t i mi ng pr ogr amcan be us ed t o gat her per f ormance dat a i n mega
ops

on t he r out i nes f or s ol vi ng l i near equat i ons and l i near l eas t s quar es pr obl ems , and al s o on

t he BLAS. The oper at i on count s us ed i n comput i ng t he mega
op r at es ar e comput ed f r om

a f ormul a. The ot her t i mi ng pr ogr ami s us ed wi t h t he e i gens ys t emr out i nes and r et ur ns

t he execut i on t i me, number of 
oat i ng poi nt oper at i ons , and mega
op r at e f or each of t he

r eques t ed s ubr out i nes . I n t hi s pr ogr am, t he number of oper at i ons i s comput ed whi l e t he

code i s execut i ng us i ng s pec i al i ns t r ument ed ver s i ons of t he LAPACKsubr out i nes .

3. a e les for ni sers

I n t he Uni x ver s i on, t he l i br ar i es and t es t pr ogr ams ar e cr eat ed us i ng t he makefile i n

each di r ect or y. Tar get names ar e s uppl i ed f or each of t he f our dat a t ypes and ar e cal l ed

single, double, complex, and complex1 . To cr eat e a l i br ar y f r om one of t he �l es

cal l ed makefile, you s i mpl y t ype make f ol l owed by t he dat a t ypes des i r ed. Her e ar e s ome

exampl es :

make single

make double complex1

make single double complex complex1

Al t er nat i ve l y,

make

wi t hout any opt i ons cr eat es a l i br ar y of al l f our dat a t ypes . The make command can be r un

mor e t han once t o add anot her dat a t ype t o t he l i br ar y i f neces s ar y.

Si mi l ar l y, t he make�l es f or t he t es t r out i nes cr eat e s epar at e t es t pr ogr ams f or each dat a

t ype. Thes e pr ogr ams can be cr eat ed one at a t i me:

make single

make double

. . .

or al l at once:

make single double complex complex1

wher e t he l as t command i s equi val ent t o t ypi ng make by i t s e l f . I n t he cas e of t he BLAS

t es t pr ogr ams , wher e t he make�l e has a name ot her t han makefile, t he -f opt i on mus t be

added t o s pec i f y t he �l e name, as i n t he f ol l owi ng exampl e :

make -f makeblat2 single
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The make�l es us ed t o cr eat e l i br ar i es cal l ranlib af t er each ar command. Some com-

put er s ( f or exampl e , CRAYcomput er s r unni ng UNI COS) do not r equi r e ranlib t o be r un

af t er cr eat i ng a l i br ar y. On thes e s ys t ems , r e f er ences t o ranlib s houl d be comment ed out or

r emoved f r omthe make�l es i n LAPACK/SRC, LAPACK/BLAS/SRC, LAPACK/TESTING/MATGEN,

and LAPACK/TIMING/EIG/EIGSRC.

ns t al l i n LAPAC on a ni x S s t em

I ns t al l i ng and t es t i ng t he Uni x ver s i on of LAPACKi nvol ves t he f ol l owi ng s t eps :

1. Read t he t ape.

2. Tes t and i ns t al l t he machi ne- dependent r out i nes .

3. Cr eat e t he BLAS l i br ar y, i f neces s ar y.

4. Run t he Level 2 and 3 BLAS t es t pr ogr ams .

5. Cr eat e t he LAPACKl i br ar y.

6. Cr eat e t he l i br ar y of t es t mat r i x gener at or s .

7. Run t he LAPACKt es t pr ogr ams .

8. Run t he LAPACKt i mi ng pr ogr ams .

9. Send t he r es ul t s f r oms t eps 7 and 8 t o t he aut hor s at t he Uni ver s i t y of Tennes s ee .

. ea the ape

To unl oad t he t ape, t ype one of t he f ol l owi ng commands ( t he devi ce name may be

di �er ent at your s i t e) :

tar xvf /dev/rst0 ( car t r i dge t ape) , or

tar xvf /dev/rmt ( 9- t r ack t ape)

Thi s wi l l cr eat e a t op- l eve l di r ect or y cal l ed LAPACK. You wi l l need about 12 megabyt es t o

r ead i n t he compl et e t ape. On a Sun SPARCs t at i on, t he l i br ar i es us ed 3. 9 MB and the

LAPACKexecut abl e �l es us ed 8. 7 MB. I n addi t i on, t he obj ect �l es us ed 6. 5 MB, but t he

obj ect �l es can be del et ed af t er cr eat i ng t he l i br ar i es and execut abl e �l es . The t ot al s pace

r equi r ement s i nc l udi ng t he obj ect �l es i s appr oxi mat e l y 31 MB f or al l f our dat a t ypes .

.2 est an nstall the achine epen ent outines.

Ther e ar e �ve machi ne- dependent f unct i ons i n t he t es t and t i mi ng package, at l eas t

t hr ee of whi ch mus t be i ns t al l ed. They ar e
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LSAME LOGI CAL Tes t i f two char act er s ar e t he s ame r egar dl es s of cas e

SLAMCH REAL Det ermi ne machi ne- dependent par amet er s

DLAMCH DOUBLE PRECI SI ON Det ermi ne machi ne- dependent par amet er s

SECOND REAL Retur n t i me i n s econds f r oma �xed s t ar t i ng t i me

DSECND DOUBLE PRECI SI ON Retur n t i me i n s econds f r oma �xed s t ar t i ng t i me

I f you ar e wor ki ng onl y i n s i ngl e pr ec i s i on, you do not need t o i ns t al l DLAMCH and

DSECND, and i f you ar e wor ki ng onl y i n doubl e pr ec i s i on, you do not need t o i ns t al l

SLAMCHand SECOND.

Thes e �ve s ubr out i nes ar e pr ovi ded on t he t ape i n LAPACK/INSTALL, al ong wi t h �ve t es t

pr ogr ams and a make�l e . To compi l e t he �ve t es t pr ogr ams , go t o LAPACK/INSTALL and edi t

t he make�l e . De�ne FORTRAN and OPTS t o r ef er t o t he compi l er and des i r ed compi l er opt i ons

f or your machi ne. Then t ype make t o cr eat e t es t pr ogr ams cal l ed testlsame, testslamc ,

testdlamc , testsecond, and testdsecnd. The expect ed r es ul t s of each t es t pr ogr am

ar e des cr i bed bel ow.

. .

LSAMEi s a l ogi cal f unct i on wi t h two char act er par amet er s , Aand B. I t r et ur ns . TRUE.

i f Aand B ar e t he s ame r egar dl es s of cas e , or . FALSE. i f t hey ar e di �er ent . For exampl e ,

t he expr es s i on

LSAME( UPLO, U )

i s equi val ent t o

( UPLO.EQ. U ).OR.( UPLO.EQ. u )

The s uppl i ed ver s i on wor ks cor r ect l y on al l s ys t ems t hat us e t he ASCI I code f or i nt er nal

r epr es ent at i ons of char act er s . For s ys t ems t hat us e t he EBCDI Ccode, one cons t ant mus t be

changed. For CDCsys t ems wi t h 6- 12 bi t r epr es ent at i on, al t er nat i ve code i s pr ovi ded i n t he

comment s . The t es t pr ogr ami n lsametst.f t es t s al l combi nat i ons of t he s ame char act er

i n upper and l ower cas e f or Aand B, and two cas es wher e Aand Bar e di �er ent char act er s .

Run t he t es t pr ogr amby t ypi ng testlsame. I f LSAMEworks cor r ect l y, t he onl y mes s age

you s houl d s ee i s Tests completed. Once LSAMEi s wor ki ng, copy t he �l e lsame.f t o bot h

LAPACK/BLAS/SRC and LAPACK/SRC. The f unct i on LSAME i s needed by bot h t he BLAS and

LAPACK, s o i t i s s af er t o have i t i n bot h l i br ar i es as l ong as t hi s does not caus e t r oubl e i n

t he l i nk phas e when bot h l i br ar i es ar e us ed.

. .

SLAMCH and DLAMCH ar e r eal f unct i ons wi t h a s i ngl e char act er par amet er t hat

i ndi cat es t he machi ne par amet er t o be r et ur ned. The t es t pr ogr ami n slamc tst.f s i mpl y

pr i nt s out t he di �er ent val ues comput ed by SLAMCH, s o you need t o knows omet hi ng about

what t he val ues s houl d be. For exampl e , t he out put of t he t es t pr ogr amf or SLAMCHon

a Sun SPARCs t at i on i s
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Epsilon = 5. 04 E-0

Safe minimum = 1.1754 E-3

Base = 2.00000

Number of digits in mantissa = 24.0000

Rounding mode = 1.00000

Minimum exponent = -125.000

Underflow t res old = 1.1754 E-3

Largest exponent = 12 .000

Overflow t res old = 3.402 2E 3

Reciprocal of safe minimum = .5070 E 37

Val ues of 0 or NaN f or any of t he par amet er s ar e obvi ous i ndi cat or s t hat s omet hi ng has

gone wr ong. Sus pect r es ul t s s houl d be document ed and r epor t ed t o t he aut hor s .

Run t he t es t pr ogr amby t ypi ng testslamc . I f t he r es ul t s f r omthe t es t pr ogr amar e

cor r ect , copy slamc .f t o LAPACK/SRC f or i nc l us i on i n t he LAPACKl i br ar y. Do t he s ame

f or DLAMCHand the t es t pr ogr amtestdlamc . I f bot h t es t s wer e s ucces s f ul , go t o Sect i on

4. 2. 3.

I f SLAMCH (or DLAMCH) r et ur ns an i nval i d val ue, you wi l l have t o cr eat e your own

ver s i on of t hi s f unct i on. The f ol l owi ng opt i ons ar e us ed i n LAPACKand mus t be s et :

` U' : Under 
owthr es hol d

` S' : Saf e mi ni mum(of t en s ame as under 
owthr es hol d)

` O' : Over 
owthr es hol d

` E' : Eps i l on ( r e l at i ve machi ne pr ec i s i on)

` B' : Bas e of t he machi ne

Some peopl e may be f ami l i ar wi t h R1MACH(D1MACH) , a pr i mi t i ve r out i ne f or s et -

t i ng machi ne par amet er s i n whi ch t he us er mus t comment out t he appr opr i at e as s i gnment

s t at ement s f or t he t ar get machi ne. I f a ver s i on of R1MACHi s on hand, t he as s i gnment s i n

SLAMCHcan be made t o r ef er t o R1MACHus i ng t he cor r es pondence

SLAMCH( ` U' ) =R1MACH( 1 )

SLAMCH( ` O' ) =R1MACH( 2 )

SLAMCH( ` E' ) =R1MACH( 3 )

SLAMCH( ` B' ) =R1MACH( 5 )

The s af e mi ni mumr et ur ned by SLAMCH( ' S' ) i s i ni t i al l y s et t o t he under 
owval ue, but

i f 1= ( over 
ow) ( under 
ow) i t i s r ecomput ed as ( 1= ( over 
ow) ) � ( 1 +" ) , wher e " i s t he

machi ne pr ec i s i on.
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. .

Both t he t i mi ng r out i nes and t he t es t r out i nes cal l SECOND(DSECND) , a r eal f unct i on

wi t h no ar gument s t hat r et ur ns t he t i me i n s econds f r oms ome �xed s t ar t i ng t i me. Our

ver s i on of t hi s r out i ne r et ur ns onl y \us er t i me", and not \us er t i me +sys t emt i me". The

ver s i on of s econd i n second.f cal l s ETIME, a For t r an l i br ar y r out i nes avai l abl e on s ome

comput er s ys t ems . I f ETIME i s not avai l abl e or a bet t er l ocal t i mi ng f unct i on exi s t s , you

wi l l have t o pr ovi de t he cor r ect i nt er f ace t o SECONDand DSECNDon your machi ne.

The t es t pr ogr ami n secondtst.f per f orms a mi l l i on oper at i ons us i ng 5000 i t er at i ons of

t he SAXPYoper at i on : = +� on a vect or of l engt h 100. The t ot al t i me and mega
ops

f or t hi s t es t i s r epor t ed, t hen t he oper at i on i s r epeat ed i nc l udi ng a cal l t o SECOND on

each of t he 5000 i t er at i ons t o det ermi ne t he over head due t o cal l i ng SECOND. Run the t es t

pr ogr amby t ypi ng testsecond ( or testdsecnd) . Ther e i s no s i ngl e r i ght answer , but t he

t i mes i n s econds s houl d be pos i t i ve and t he mega
op r at i os s houl d be appr opr i at e f or your

machi ne. The wor ki ng ver s i ons of SECONDand DSECNDshoul d be copi ed t o LAPACK/SRC

f or i nc l us i on i n t he LAPACKl i br ar y.

.3 Create theBLASLi rar

I deal l y, a hi ghl y opt i mi zed ver s i on of t he BLAS l i br ar y al r eady exi s t s on your machi ne.

I n t hi s cas e you can go di r ect l y t o Sect i on 4. 4 t o make t he BLAS t es t pr ogr ams . You

may al r eady have a l i br ar y cont ai ni ng s ome of t he BLAS, but not al l ( Leve l 1 and 2, but

not Level 3, f or exampl e) . I f s o, you s houl d us e your l ocal ver s i on of t he BLAS wher ever

pos s i bl e .

a) Go t o LAPACK/BLAS/SRC and edi t t he make�l e . De�ne FORTRAN and OPTS t o r ef er t o

t he compi l er and des i r ed compi l er opt i ons f or your machi ne. I f you al r eady have s ome

of t he BLAS, comment out t he l i nes de�ni ng t he BLAS you have.

b) Type make f ol l owed by t he dat a t ypes des i r ed, as i n t he exampl es of Sect i on 3. 5. The

make command can be r un mor e t han once t o add anot her dat a t ype t o t he l i br ar y i f

neces s ar y.

The BLAS l i br ar y i s cr eat ed i n LAPACK/blas.a and not i n t he cur r ent di r ect or y.

. untheBLAS est Pro ra s

Tes t pr ogr ams f or t he Level 2 and 3 BLAS ar e i n t he di r ect or y LAPACK/BLAS/TESTING.

A t es t pr ogr amf or t he Level 1 BLAS i s not i nc l uded, i n par t becaus e onl y a s ubs et of t he

or i gi nal s et of Level 1 BLAS i s act ual l y us ed i n LAPACK, and t he ol d t es t pr ogr amwas

des i gned t o t es t t he f ul l s et of Leve l 1 BLAS.

a) To make t he Level 2 BLAS t es t pr ogr ams , go t o LAPACK/BLAS/TESTING and edi t

t he make�l e cal l ed makeblat2. De�ne FORTRAN and OPTS t o r ef er t o t he compi l er

and des i r ed compi l er opt i ons f or your machi ne, and de�ne LOADER and LOADOPTS t o

r ef er t o t he l oader and des i r ed l oad opt i ons f or your machi ne. I f you ar e not us i ng

t he For t r an BLAS, de�ne BLAS t o poi nt t o your s ys t em' s BLAS l i br ar y, i ns t ead of

../../blas.a.
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b) Type make -f makeblat2 f ol l owed by t he dat a t ypes des i r ed, as i n t he exampl es of

Sect i on 3. 5. The execut abl e �l es ar e cal l ed xblat2s, xblat2d, xblat2c, and xblat2z

and ar e cr eat ed i n LAPACK/BLAS.

c) Go t o LAPACK/BLAS and r un t he Level 2 BLAS t es t s . For t he REAL ver s i on, t he

command i s

xblat2s sblat2.in

Si mi l ar commands s houl d be us ed f or t he ot her t es t pr ogr ams , wi t h t he l eadi ng ` s ' i n

t he i nput �l e name r epl aced by ` d' , ` c ' , or ` z ' . The name of t he out put �l e i s i ndi cat ed

on t he �r s t l i ne of t he i nput �l e and i s cur r ent l y de�ned t o be SBLAT2.SUMM f or t he

REAL ver s i on, wi t h s i mi l ar names f or t he ot her dat a t ypes .

d) To compi l e and r un t he Level 3 BLAS t es t pr ogr ams , r epeat s t eps a{c us i ng t he

make�l e makeblat3. For s t ep c, t he execut abl e pr ogr am i n t he REAL ver s i on i s

xblat3s, t he i nput �l e i s sblat3.in, and out put i s t o t he �l e SBLAT3.SUMM, wi t h

s i mi l ar names f or t he ot her dat a t ypes .

I f t he t es t s us i ng t he s uppl i ed dat a �l es wer e compl et ed s ucces s f ul l y, cons i der whet her

t he t es t s wer e s u�ci ent l y t hor ough. For exampl e , on a machi ne wi t h vect or r egi s t er s , at

l eas t one val ue of gr eat er t han t he l engt h of t he vect or r egi s t er s s houl d be us ed; ot herwi s e ,

i mpor t ant par t s of t he compi l ed code may not be exer c i s ed by t he t es t s . I f t he t es t s wer e

not s ucces s f ul , e i t her becaus e t he pr ogr amdi d not �ni s h or t he t es t r at i os di d not pas s

t he t hr es hol d, you wi l l pr obabl y have t o �nd and cor r ect t he pr obl embef or e cont i nui ng. I f

you have been t es t i ng a s ys t em- s pec i �c BLAS l i br ar y, t r y us i ng t he For t r an BLAS f or t he

r out i nes t hat di d not pas s t he t es t s . For mor e det ai l s on t he BLAS t es t pr ogr ams , s ee [ 6]

and [ 4] .

. Create theLAPAC Li rar

a) Go t o t he di r ect or y LAPACK/SRC and edi t t he make�l e . De�ne FORTRAN and OPTS t o

r ef er t o t he compi l er and des i r ed compi l er opt i ons f or your machi ne.

b) Type make f ol l owed by t he dat a t ypes des i r ed, as i n t he exampl es of Sect i on 3. 5. The

make command can be r un mor e t han once t o add anot her dat a t ype t o t he l i br ar y i f

neces s ar y.

The LAPACKl i br ar y i s cr eat ed i n LAPACK/lapack.a.

. Create the est atri enerator Li rar

a) Go t o t he di r ect or y LAPACK/TESTING/MATGEN and edi t t he make�l e . De�ne FORTRAN

and OPTS t o r ef er t o t he compi l er and des i r ed compi l er opt i ons f or your machi ne.

b) Type make f ol l owed by t he dat a t ypes des i r ed, as i n t he exampl es of Sect i on 3. 5. The

make command can be r un mor e t han once t o add anot her dat a t ype t o t he l i br ar y i f

neces s ar y.

The t es t mat r i x gener at or l i br ar y i s cr eat ed i n LAPACK/tmglib.a.
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b) Type make f ol l owed by t he dat a t ypes des i r ed, as i n t he exampl es of Sect i on 3. 5. The

execut abl e �l es ar e cal l ed xeigtsts, xeigtstc, xeigtstd, and xeigtstz and ar e

cr eat ed i n LAPACK/TESTING.

c) Go t o LAPACK/TESTING and r un t he t es t s f or each dat a t ype. The t es t s f or t he e i gens ys -

t emr out i nes us e t hr ee s epar at e i nput �l es , f or t es t i ng t he nons ymmet r i c e i genval ue

pr obl em, t he s ymmet r i c e i genval ue pr obl em, and t he s i ngul ar val ue decompos i t i on.

The t es t s i n s i ngl e pr ec i s i on ar e as f ol l ows :

xeigtsts nep.in snep.out

xeigtsts sep.in ssep.out

xeigtsts svd.in ssvd.out

The t es t s us i ng xeigtstc, xeigtstd, and xeigtstz us e t he s ame t hr ee i nput �l es ,

but t he l eadi ng ` s ' i n t he out put �l es mus t be changed t o ` c ' , ` d' , or ` z ' .

d) Send t he out put �l es t o t he aut hor s as di r ect ed i n Sect i on 4. 9. Pl eas e t e l l us t he t ype

of machi ne on whi ch t he t es t s wer e r un, t he compi l er opt i ons t hat wer e us ed, and

det ai l s of t he BLAS l i br ar y or l i br ar i es t hat you us ed.

. untheLAPAC i in Pro ra s

Ther e ar e two di s t i nct t i mi ng pr ogr ams f or LAPACKrout i nes i n each dat a t ype, one

f or t he l i near equat i on r out i nes and one f or t he e i gens ys t emr out i nes . The t i mi ng pr ogr am

f or t he l i near equat i on r out i nes i s al s o us ed t o t i me t he BLAS. We encour age you t o con-

duct t hes e t i mi ng exper i ment s i n REAL and COMPLEXor i n DOUBLEPRECI SI ONand

COMPLEX*16; i t i s not neces s ar y t o s end t i mi ng r es ul t s i n al l f our dat a t ypes .

Two s et s of i nput �l es ar e pr ovi ded, a smal l s et f or wor ks t at i on- c l as s comput er s and

a l ar ge s et f or Cr ay- c l as s comput er s . The val ues of N i n t he l ar ge dat a s et ar e �ve t i mes

l ar ger t han t hos e i n t he smal l dat a s et , and t he l ar ge dat a s et us es �ve val ues f or t he bl ock

s i ze NBand two val ues f or t he l eadi ng ar r ay di mens i on LDA, whi l e t he smal l dat a s et us es

onl y two val ues f or NBand one f or LDA. Comput er s i n between s houl d r un t he l ar ge s et i f

pos s i bl e ; s ugges t i ons f or par i ng back t he l ar ge dat a s et ar e gi ven i n t he i ns t r uct i ons be l ow.

A shar �l e i s pr ovi ded i n LAPACK/TIMING f or each of t he two s et s of i nput �l es . Type

s lgtim.s ar f or t he l ar ge s et of i nput �l es , or

s smtim.s ar f or t he smal l s et of i nput �l es

Ei t her command cr eat es 8 i nput �l es i n each dat a t ype, two f or t he l i near equat i on r out i nes ,

t hr ee f or t he e i gens ys t emr out i nes , and t hr ee f or t he BLAS. Not e t hat t he mai n pr ogr ams

ar e di mens i oned f or t he l ar ge dat a s et s , s o t he par amet er s i n t he mai n pr ogr ammay have

t o be r educed; ot herwi s e t he compi l ed pr ogr ammay be t oo l ar ge t o r un on a smal l machi ne.

The mi ni mumt i me each s ubr out i ne wi l l be t i med i s s et t o zer o i n each of t hes e i nput

�l es and may need t o be i ncr eas ed. I f t he t i mi ng i nt er val i s not l ong enough, t he t i me f or t he

s ubr out i ne af t er s ubt r act i ng t he over head may be ver y smal l or zer o, r es ul t i ng i n mega
op

r at es t hat ar e ver y l ar ge or zer o. (To avoi d di vi s i on by zer o, t he mega
op r at e i s s et t o zer o
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i f t he t i me i s l es s t han or equal t o zer o. ) The mi ni mumt i me t hat s houl d be us ed depends

on t he machi ne and t he r es ol ut i on of t he c l ock.

For mor e i nf ormat i on on t he t i mi ng pr ogr ams and how t o modi f y t he i nput �l es , s ee

Sect i on 7.

. .

Two i nput �l es ar e pr ovi ded i n each dat a t ype f or t i mi ng t he l i near equat i on r out i nes ,

one f or f ul l mat r i ces and one f or band mat r i ces . The dat a s et s f or t he REAL ver s i on ar e i n

LAPACK/TIMING/stime.in and LAPACK/TIMING/sband.in.

a) To make t he l i near equat i on t i mi ng pr ogr ams , go t o LAPACK/TIMING/LIN and edi t

t he make�l e . De�ne FORTRAN and OPTS t o r ef er t o t he compi l er and des i r ed compi l er

opt i ons f or your machi ne, and de�ne LOADER and LOADOPTS t o r ef er t o t he l oader and

des i r ed l oad opt i ons f or your machi ne. I f you ar e not us i ng t he For t ran BLAS, de�ne

BLAS t o poi nt t o your s ys t em' s BLAS l i br ar y, i ns t ead of ../../blas.a.

b) Type make f ol l owed by t he dat a t ypes des i r ed, as i n t he exampl es of Sect i on 3. 5.

The execut abl e �l es ar e cal l ed xtims, xtimc, xtimd, and xtimz and ar e cr eat ed i n

LAPACK/TIMING.

c) Go t o LAPACK/TIMING and make any neces s ar y modi �cat i ons t o t he i nput �l es . You

may need t o s et t he mi ni mumt i me a s ubr out i ne wi l l be t i med t o a pos i t i ve val ue, or t o

r es t r i ct t he s i ze of t he t es t s i f you ar e us i ng a comput er wi t h per f ormance i n between

t hat of a wor ks t at i on and t hat of a s uper comput er . The comput at i onal r equi r ement s

can be cut i n hal f by us i ng onl y one val ue of LDA. I f i t i s neces s ar y t o al s o r educe t he

mat r i x s i zes or t he val ues of t he bl ocks i ze , cor r es pondi ng changes s houl d be made t o

t he BLAS i nput �l es ( s ee Sect i on 4. 8. 2) .

d) Run t he pr ogr ams f or each dat a t ype you ar e us i ng. For t he REAL ver s i on, t he

commands ar e

xtims stime.in stime.out

xtims sband.in sband.out

Si mi l ar commands s houl d be us ed f or t he ot her dat a t ypes .

e) Send t he out put �l es t o t he aut hor s as di r ect ed i n Sect i on 4. 9. Pl eas e t e l l us t he t ype

of machi ne on whi ch t he t es t s wer e r un, t he compi l er opt i ons t hat wer e us ed, and

det ai l s of t he BLAS l i br ar y or l i br ar i es t hat you us ed.

. .

Thr ee i nput �l es ar e pr ovi ded i n each dat a t ype f or t i mi ng t he Level 2 and 3 BLAS.

Thes e i nput �l es t i me t he BLAS us i ng t he mat r i x s hapes encount er ed i n t he LAPACK

rout i nes , and we wi l l us e t he r es ul t s t o anal yze t he per f ormance of t he LAPACKrout i nes .

For t he REAL ver s i on, t he dat a �l es ar e sblas.in1, sblas.in2, and sblas.in3. Ther e
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ar e t hr ee s et s of i nput s becaus e t her e ar e t hr ee par amet er s i n t he Level 3 BLAS, M, N, and

K, and i n mos t appl i cat i ons one of t hes e par amet er s i s smal l ( on t he or der of t he bl ocks i ze)

whi l e t he ot her two ar e l ar ge ( on t he or der of t he mat r i x s i ze) . I n sblas.in1, Mand Nar e

l ar ge but K i s smal l , whi l e i n sblas.in2 t he smal l par amet er i s M, and i n sblas.in3 t he

smal l par amet er i s N. The Level 2 BLAS ar e t i med onl y i n t he �r s t dat a s et , wher e K i s

al s o us ed as t he bandwi dt h f or t he banded r out i nes .

a) Go t o LAPACK/TIMING and make any neces s ar y modi �cat i ons t o t he i nput �l es . You

may need t o s et t he mi ni mumt i me a s ubr out i ne wi l l be t i med t o a pos i t i ve val ue. I f

you modi �ed t he val ues of Nor NBi n Sect i on 4. 8. 1, s et M, N, and Kaccor di ngl y. The

l ar ge par amet er s among M, N, and Kshoul d be t he s ame as t he mat r i x s i zes us ed i n

t i mi ng t he l i near equat i on r out i nes , and t he smal l par amet er s houl d be t he s ame as

t he bl ocks i zes us ed i n t i mi ng t he l i near equat i on r out i nes . I f neces s ar y, t he l ar ge dat a

s et can be s i mpl i �ed by us i ng onl y one val ue of LDA.

b) Run the pr ogr ams f or each dat a t ype you ar e us i ng. For t he REAL ver s i on, t he

commands ar e

xtims sblas.in1 sblas.out1

xtims sblas.in2 sblas.out2

xtims sblas.in3 sblas.out3

Si mi l ar commands s houl d be us ed f or t he ot her dat a t ypes .

c) Send t he out put �l es t o t he aut hor s as di r ect ed i n Sect i on 4. 9. Pl eas e t e l l us t he t ype

of machi ne on whi ch t he t es t s wer e r un, t he compi l er opt i ons t hat wer e us ed, and

det ai l s of t he BLAS l i br ar y or l i br ar i es t hat you us ed.

. .

Thr ee i nput �l es ar e pr ovi ded i n each dat a t ype f or t i mi ng t he e i gens ys t emr out i nes , one

f or t he nons ymmet r i c e i genval ue pr obl em, one f or t he s ymmet r i c e i genval ue pr obl em, and

one f or t he s i ngul ar val ue decompos i t i on. For t he REAL ver s i on, t hes e dat a s et s ar e cal l ed

sneptim.in, sseptim.in, and ssvdtim.in. Each of t he t hr ee i nput �l es r eads a di �er ent

s et of par amet er s and t he f ormat of t he i nput i s i ndi cat ed by a 3- char act er code on t he �r s t

l i ne .

The t i mi ng pr ogr amf or e i genval ue/s i ngul ar val ue r out i nes accumul at es t he oper at i on

count as t he r out i nes ar e execut i ng us i ng s pec i al i ns t r ument ed ver s i ons of t he LAPACK

rout i nes . The �r s t s t ep i n compi l i ng t he t i mi ng pr ogr ami s t her ef or e t o make a l i br ar y of

t he i ns t r ument ed r out i nes .

a) To make a l i br ar y of t he i ns t r ument ed LAPACK rout i nes , �r s t go t o

LAPACK/TIMING/EIG/EIGSRC and edi t t he make�l e . De�ne FORTRAN and OPTS t o r ef er

t o t he compi l er and des i r ed compi l er opt i ons f or your machi ne, and de�ne LOADER

and LOADOPTS t o r ef er t o t he l oader and des i r ed l oad opt i ons f or your machi ne. Then

t ype make f ol l owed by t he dat a t ypes des i r ed, as i n t he exampl es of Sect i on 3. 5. The

l i br ar y of i ns t r ument ed code i s cr eat ed i n LAPACK/TIMING/EIG/eigsrc.a.
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b) To make t he e i gens ys t emt i mi ng pr ogr ams , go t o LAPACK/TIMING/EIG and edi t t he

make�l e . De�ne FORTRAN and OPTS t o r ef er t o t he compi l er and des i r ed compi l er

opt i ons f or your machi ne, and de�ne LOADER and LOADOPTS t o r ef er t o t he l oader and

des i r ed l oad opt i ons f or your machi ne. I f you ar e not us i ng t he For t ran BLAS, de�ne

BLAS t o poi nt t o your s ys t em' s BLAS l i br ar y, i ns t ead of ../../blas.a.

c) Type make f ol l owed by t he dat a t ypes des i r ed, as i n t he exampl es of Sect i on 3. 5.

The execut abl e �l es ar e cal l ed xeigtims, xeigtimc, xeigtimd, and xeigtimz and ar e

cr eat ed i n LAPACK/TIMING.

d) Go t o LAPACK/TIMING and make any neces s ar y modi �cat i ons t o t he i nput �l es . You

may need t o s et t he mi ni mumt i me a s ubr out i ne wi l l be t i med t o a pos i t i ve val ue,

or t o r es t r i ct t he number of t es t s i f you ar e us i ng a comput er wi t h per f ormance i n

between t hat of a wor ks tat i on and t hat of a s uper comput er . I ns t ead of decr eas i ng

t he mat r i x di mens i ons t o r educe t he t i me, i t woul d be bet t er t o r educe t he number of

mat r i x t ypes t o be t i med, s i nce t he per f ormance var i es mor e wi t h t he mat r i x s i ze t han

wi t h t he t ype. For exampl e , f or t he nons ymmet r i c e i genval ue r out i nes , you coul d us e

onl y one mat r i x of t ype 4 i ns t ead of f our mat r i ces of t ypes 1, 3, 4, and 6. See Sect i on

7 f or f ur t her det ai l s .

e) Run t he pr ogr ams f or each dat a t ype you ar e us i ng. For t he REAL ver s i on, t he

commands ar e

xeigtims sneptim.in sneptim.out

xeigtims sseptim.in sseptim.out

xeigtims ssvdtim.in ssvdtim.out

Si mi l ar commands s houl d be us ed f or t he ot her dat a t ypes .

f ) Send t he out put �l es t o t he aut hor s as di r ect ed i n Sect i on 4. 9. Pl eas e t e l l us t he t ype

of machi ne on whi ch t he t es t s wer e r un, t he compi l er opt i ons t hat wer e us ed, and

det ai l s of t he BLAS l i br ar y or l i br ar i es t hat you us ed.

. Sen the esults to ennessee

Congr at ul at i ons You have now�ni s hed i ns t al l i ng and t es t i ng LAPACK. Your par t i c i -

pat i on i s gr eat l y appr ec i at ed. I f pos s i bl e , r es ul t s and comment s s houl d be s ent by el ect r oni c

mai l t o

eander s o cs . ut k. edu

Otherwi s e , r es ul t s may be s ubmi t t ed e i t her by s endi ng t he aut hor s a har d copy of t he out put

�l es or by r et ur ni ng t he di s t r i but i on t ape wi t h t he out put �l es s t or ed on i t .

We encour age you t o make t he LAPACKl i br ar y avai l abl e t o your us er s and pr ovi de us

wi t h f eedback f r omthei r exper i ences . You s houl d make i t c l ear t hat t hi s s of tware i s s t i l l

under deve l opment , and many par t s of i t wi l l be changed bef or e t he pr oj ect i s compl et ed.

The changes may a�ect t he cal l i ng s equences of s ome r out i nes , s o t he publ i c r e l eas e of

LAPACKi s not guar ant eed t o be compat i bl e wi t h t hi s ver s i on.
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I f you woul d l i ke t o do mor e, pl eas e cont act us s o t hat we may coor di nat e your e�or t s

wi t h t he devel opment of t he �nal t es t r e l eas e of LAPACK. One opt i on i s t o l ook at ways

t o i mpr ove t he per f ormance of LAPACKon your machi ne. At t he t i me of t he �r s t t es t

r e l eas e of LAPACKi n Apr i l , 1989, many peopl e di d not yet have opt i mi zed ver s i ons of t he

BLAS. I f t hi s i s s t i l l t he cas e at your s i t e , i mpr ovement s t o t he BLAS woul d l i ke l y have

a dr amat i c e�ect on per f ormance. Other s ugges t i ons on �ne- t uni ng s pec i �c al gor i t hms ar e

al s o wel come. For exampl e , one of our t es t s i t es not i ced t hat t he r ow i nt er changes i n t he

LUf act or i zat i on r out i ne SGETRFwer e degr adi ng per f ormance on t he I BM3090 becaus e of

t he non- uni t s t r i de i n SSWAP [ 1] . I n r es pons e we added t he auxi l i ar y r out i ne SLASWP to

i nt er change a bl ock of r ows , s o t hat us er s of t he I BM3090 coul d eas i l y r epl ace t hi s r out i ne

wi t h one i n whi ch t he r ow i nt er changes ar e appl i ed t o one col umn at a t i me.

ns t al l i n LAPAC on a non ni x S s t em

I ns t al l i ng and t es t i ng t he non- Uni x ver s i on of LAPACKi nvol ves t he f ol l owi ng s t eps :

1. Read t he t ape.

2. Tes t and i ns t al l t he machi ne- dependent r out i nes .

3. Cr eat e t he BLAS l i br ar y, i f neces s ar y.

4. Run t he Level 2 and 3 BLAS t es t pr ogr ams .

5. Cr eat e t he LAPACKl i br ar y.

6. Cr eat e t he l i br ar y of t es t mat r i x gener at or s .

7. Run t he LAPACKt es t pr ogr ams .

8. Run t he LAPACKt i mi ng pr ogr ams .

9. Send t he r es ul t s f r oms t eps 7 and 8 t o t he aut hor s at t he Uni ver s i t y of Tennes s ee .

. ea the ape

Read t he t ape and as s i gn names t o t he �l es , pr ef er abl y as i ndi cat ed i n Sect i on 2. The

�r s t �l e ( named README) i s a l i s t of t he �l es i n t he or der s pec i �ed i n Sect i on 2. You

wi l l need about 12 megabyt es t o r ead i n t he compl et e t ape. On a Sun SPARCs t at i on,

t he l i br ar i es us ed 3. 9 MBand the LAPACKexecut abl e �l es us ed 8. 7 MB. I n addi t i on, t he

obj ect �l es us ed 6. 5 MB, but t he obj ect �l es can be del et ed af t er cr eat i ng t he l i br ar i es and

execut abl e �l es . The t ot al s pace r equi r ement s i nc l udi ng t he obj ect �l es i s appr oxi mat e l y 31

MB f or al l f our dat a t ypes .

.2 est an nstall the achine epen ent outines.

Ther e ar e �ve machi ne- dependent f unct i ons i n t he t es t and t i mi ng package, at l eas t

t hr ee of whi ch mus t be i ns t al l ed. They ar e
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LSAME LOGI CAL Tes t i f two char act er s ar e t he s ame r egar dl es s of cas e

SLAMCH REAL Det ermi ne machi ne- dependent par amet er s

DLAMCH DOUBLE PRECI SI ON Det ermi ne machi ne- dependent par amet er s

SECOND REAL Retur n t i me i n s econds f r oma �xed s t ar t i ng t i me

DSECND DOUBLE PRECI SI ON Retur n t i me i n s econds f r oma �xed s t ar t i ng t i me

I f you ar e wor ki ng onl y i n s i ngl e pr ec i s i on, you do not need t o i ns t al l DLAMCH and

DSECND, and i f you ar e wor ki ng onl y i n doubl e pr ec i s i on, you do not need t o i ns t al l

SLAMCH and SECOND. Thes e �ve s ubr out i nes and t hei r t es t pr ogr ams ar e pr ovi ded i n

t he �l es LSAMEF and TLSAMEF, SLAMCHF and TSLAMCHF, et c .

. .

LSAMEi s a l ogi cal f unct i on wi t h two char act er par amet er s , Aand B. I t r et ur ns . TRUE.

i f Aand B ar e t he s ame r egar dl es s of cas e , or . FALSE. i f t hey ar e di �er ent . For exampl e ,

t he expr es s i on

LSAME( UPLO, U )

i s equi val ent t o

( UPLO.EQ. U ).OR.( UPLO.EQ. u )

The s uppl i ed ver s i on wor ks cor r ect l y on al l s ys t ems t hat us e t he ASCI I code f or i nt er nal

r epr es ent at i ons of char act er s . For s ys t ems t hat us e t he EBCDI C code, one cons t ant mus t

be changed. For CDCsys t ems wi t h 6- 12 bi t r epr es ent at i on, al t er nat i ve code i s pr ovi ded i n

t he comment s . The t es t pr ogr ami n TLSAMEFt es t s al l combi nat i ons of t he s ame char act er

i n upper and l ower cas e f or Aand B, and two cas es wher e Aand Bar e di �er ent char act er s .

Compi l e LSAMEFand TLSAMEFand run t he t es t pr ogr am. I f LSAMEworks cor r ect l y,

t he onl y mes s age you s houl d s ee i s Tests completed. The wor ki ng ver s i on of LSAME

shoul d be appended t o t he �l e ALLBLASF. Thi s �l e , whi ch al s o cont ai ns t he er r or handl er

XERBLA, wi l l be compi l ed wi t h e i t her t he BLAS l i br ar y i n Sect i on 5. 3 or t he LAPACK

l i br ar y i n Sect i on 5. 5.

. .

SLAMCH and DLAMCH ar e r eal f unct i ons wi t h a s i ngl e char act er par amet er t hat

i ndi cat es t he machi ne par amet er t o be r et ur ned. The t es t pr ogr ami n TSLAMCHF s i mpl y

pr i nt s out t he di �er ent val ues comput ed by SLAMCH, s o you need t o knows omet hi ng about

what t he val ues s houl d be. For exampl e , t he out put of t he t es t pr ogr amf or SLAMCHon

a Sun SPARCs t at i on i s

Epsilon = 5. 04 E-0

Safe minimum = 1.1754 E-3

Base = 2.00000

Number of digits in mantissa = 24.0000

Rounding mode = 1.00000
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Minimum exponent = -125.000

Underflow t res old = 1.1754 E-3

Largest exponent = 12 .000

Overflow t res old = 3.402 2E 3

Reciprocal of safe minimum = .5070 E 37

Val ues of 0 or NaN f or any of t he par amet er s ar e obvi ous i ndi cat or s t hat s omet hi ng has

gone wr ong. Sus pect r es ul t s s houl d be document ed and r epor t ed t o t he aut hor s .

Compi l e SLAMCHF and TSLAMCHF and run t he t es t pr ogr am. I f t he r es ul t s f r om

the t es t pr ogr amar e cor r ect , s ave SLAMCHf or i nc l us i on i n t he LAPACKl i br ar y. Repeat

t hes e s t eps wi t h DLAMCHF and TDLAMCHF. I f bot h t es t s wer e s ucces s f ul , go t o Sect i on

5. 2. 3.

I f SLAMCH (or DLAMCH) r et ur ns an i nval i d val ue, you wi l l have t o cr eat e your own

ver s i on of t hi s f unct i on. The f ol l owi ng opt i ons ar e us ed i n LAPACKand mus t be s et :

` U' : Under 
owthr es hol d

` S' : Saf e mi ni mum

` O' : Over 
owthr es hol d

` E' : Eps i l on ( r e l at i ve machi ne pr ec i s i on)

` B' : Bas e of t he machi ne

Some peopl e may be f ami l i ar wi t h R1MACH(D1MACH) , a pr i mi t i ve r out i ne f or s et -

t i ng machi ne par amet er s i n whi ch t he us er mus t comment out t he appr opr i at e as s i gnment

s t at ement s f or t he t ar get machi ne. I f a ver s i on of R1MACHi s on hand, t he as s i gnment s i n

SLAMCHcan be made t o r ef er t o R1MACHus i ng t he cor r es pondence

SLAMCH( ` U' ) =R1MACH( 1 )

SLAMCH( ` O' ) =R1MACH( 2 )

SLAMCH( ` E' ) =R1MACH( 3 )

SLAMCH( ` B' ) =R1MACH( 5 )

The s af e mi ni mumr et ur ned by SLAMCH( ' S' ) i s i ni t i al l y s et t o t he under 
owval ue, but

i f 1= ( over 
ow) ( under 
ow) i t i s r ecomput ed as ( 1= ( over 
ow) ) � ( 1 +" ) , wher e " i s t he

machi ne pr ec i s i on.

. .

Both t he t i mi ng r out i nes and t he t es t r out i nes cal l SECOND(DSECND) , a r eal f unct i on

wi t h no ar gument s t hat r et ur ns t he t i me i n s econds f r oms ome �xed s t ar t i ng t i me. Our

ver s i on of t hi s r out i ne r et ur ns onl y \us er t i me", and not \us er t i me +sys t emt i me". The

ver s i on of s econd i n SECONDF cal l s ETIME, a For t r an l i br ar y r out i ne avai l abl e on s ome
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comput er s ys t ems . I f ETIME i s not avai l abl e or a bet t er l ocal t i mi ng f unct i on exi s t s , you

wi l l have t o pr ovi de t he cor r ect i nt er f ace t o SECONDand DSECNDon your machi ne.

The t es t pr ogr ami n TSECONDFper f orms a mi l l i on oper at i ons us i ng 5000 i t er at i ons of

t he SAXPYoper at i on : = +� on a vect or of l engt h 100. The t ot al t i me and mega
ops

f or t hi s t es t i s r epor t ed, t hen t he oper at i on i s r epeat ed i nc l udi ng a cal l t o SECOND on

each of t he 5000 i t er at i ons t o det ermi ne t he over head due t o cal l i ng SECOND. Compi l e

SECONDF and TSECONDF and run t he t es t pr ogr am. Ther e i s no s i ngl e r i ght answer ,

but t he t i mes i n s econds s houl d be pos i t i ve and t he mega
op r at i os s houl d be appr opr i at e

f or your machi ne. Repeat t hi s t es t f or DSECNDF and TDSECNDF and s ave SECOND

and DSECNDf or i nc l us i on i n t he LAPACKl i br ar y i n Sect i on 5. 5.

.3 Create theBLASLi rar

I deal l y, a hi ghl y opt i mi zed ver s i on of t he BLAS l i br ar y al r eady exi s t s on your machi ne.

I n t hi s cas e you can go di r ect l y t o Sect i on 5. 4 t o make t he BLAS t es t pr ogr ams . Otherwi s e ,

you mus t cr eat e a l i br ar y us i ng t he �l es xBLAS1F, xBLAS2F, xBLAS3F, and ALLBLASF.

You may al r eady have a l i br ar y cont ai ni ng s ome of t he BLAS, but not al l ( Leve l 1 and 2,

but not Level 3, f or exampl e) . I f s o, you s houl d us e your l ocal ver s i on of t he BLAS wher ever

pos s i bl e and, i f neces s ar y, de l et e t he BLAS you al r eady have f r omthe pr ovi ded �l es . The

�l e ALLBLASF mus t be i nc l uded i f any par t of xBLAS2F or xBLAS3F i s us ed. Compi l e

t hes e �l es and cr eat e an obj ect l i br ar y.

. untheBLAS est Pro ra s

Tes t pr ogr ams f or t he Level 2 and 3 BLAS ar e i n t he �l es xBLAT2F and xBLAT3F. A

t es t pr ogr amf or t he Level 1 BLAS i s not i nc l uded, i n par t becaus e onl y a s ubs et of t he

or i gi nal s et of Level 1 BLAS i s act ual l y us ed i n LAPACK, and t he ol d t es t pr ogr amwas

des i gned t o t es t t he f ul l s et of Leve l 1 BLAS.

a) Compi l e t he �l es xBLAT2F and xBLAT3F and l i nk t hemto your BLAS l i br ar y or

l i br ar i es . Not e t hat each pr ogr ami ncl udes a s pec i al ver s i on of t he er r or - handl i ng

r out i ne XERBLA, whi ch t es t s t he er r or - exi t s f r omthe Level 2 and 3 BLAS. On mos t

s ys t ems t hi s wi l l t ake pr ecedence at l i nk t i me over t he s t andar d ver s i on of XERBLA

i n t he BLAS l i br ar y. I f t hi s i s not t he cas e ( t he s ympt omwi l l be t hat t he pr ogr am

s t ops as s oon as i t t r i es t o t es t an er r or - exi t ) , you mus t t empor ar i l y de l et e XERBLA

f r omALLBLASF and r ecompi l e t he BLAS l i br ar y.

b) Each BLAS t es t pr ogr amhas a cor r es pondi ng dat a �l e xBLAT2Dor xBLAT3D. As -

s oc i at e t hi s �l e wi t h For t r an uni t number 5.

c) The name of t he out put �l e i s i ndi cat ed on t he �r s t l i ne of each i nput �l e and i s

cur r ent l y de�ned t o be SBLAT2. SUMMf or t he REAL Level 2 BLAS, wi t h s i mi l ar

names f or t he ot her �l es . I f neces s ar y, edi t t he name of t he out put �l e t o ens ur e t hat

i t i s val i d on your s ys t em.

d) Run the Level 2 and 3 BLAS t es t pr ogr ams .
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I f t he t es t s us i ng t he s uppl i ed dat a �l es wer e compl et ed s ucces s f ul l y, cons i der whet her

t he t es t s wer e s u�ci ent l y t hor ough. For exampl e , on a machi ne wi t h vect or r egi s t er s , at

l eas t one val ue of gr eat er t han t he l engt h of t he vect or r egi s t er s s houl d be us ed; ot herwi s e ,

i mpor t ant par t s of t he compi l ed code may not be exer c i s ed by t he t es t s . I f t he t es t s wer e

not s ucces s f ul , e i t her becaus e t he pr ogr amdi d not �ni s h or t he t es t r at i os di d not pas s

t he t hr es hol d, you wi l l pr obabl y have t o �nd and cor r ect t he pr obl embef or e cont i nui ng. I f

you have been t es t i ng a s ys t em- s pec i �c BLAS l i br ar y, t r y us i ng t he For t r an BLAS f or t he

r out i nes t hat di d not pas s t he t es t s . For mor e det ai l s on t he BLAS t es t pr ogr ams , s ee [ 6]

and [ 4] .

. Create theLAPAC Li rar

Compi l e t he �l es xLASRCF wi t h ALLAUXF and cr eat e an obj ect l i br ar y. I f you have

compi l ed e i t her t he S or Cver s i on, you mus t al s o compi l e and i nc l ude t he �l es SCLAUXF,

SLAMCHF, and SECONDF, and i f you have compi l ed e i t her t he Dor Z ver s i on, you mus t

al s o compi l e and i nc l ude t he �l es DZLAUXF, DLAMCHF, and DSECNDF. I f you di d not

compi l e t he �l e ALLBLASF and i nc l ude i t i n your BLAS l i br ar y as des cr i bed i n Sect i on

5. 3, you mus t compi l e i t nowand i nc l ude i t i n your LAPACKl i br ar y.

. Create the est atri enerator Li rar

Compi l e t he �l es xMATGENFand cr eat e an obj ect l i br ar y. I f you have compi l ed e i t her

t he S or Cver s i on, you mus t al s o compi l e and i nc l ude t he �l e SCATGENF, and i f you have

compi l ed e i t her t he Dor Z ver s i on, you mus t al s o compi l e and i nc l ude t he �l e DZATGENF.

. untheLAPAC est Pro ra s

Ther e ar e two di s t i nct t es t pr ogr ams f or LAPACKrout i nes i n each dat a t ype, one f or

t he l i near equat i ons r out i nes and one f or t he e i gens ys t emr out i nes . Two s et s of i nput �l es

ar e pr ovi ded, a smal l s et f or wor ks t at i on- c l as s comput er s and a l ar ge s et f or Cr ay- c l as s

comput er s . The smal l i nput �l es end wi t h t he f our char act er s ` TSTD' and t he l ar ge i nput

�l es end wi t h t he char act er s ` TS2D' . You need onl y us e one of t hes e s et s of �l es .

For mor e i nf ormat i on on t he t es t pr ogr ams and how t o modi f y t he i nput �l es , s ee

Sect i on 6.

. .

a) Compi l e t he �l es xLI NTSTF and l i nk t hemto your mat r i x gener at or l i br ar y, your

LAPACKl i br ar y, and your BLAS l i br ar y or l i br ar i es i n t hat or der ( on s ome s ys t ems

you may get uns at i s �ed ext er nal r e f er ences i f you s pec i f y t he l i br ar i es i n t he wr ong

or der ) .

b) Ther e ar e two s et s of dat a �l es f or t he l i near equat i on t es t pr ogr am, xLI NTSTD

f or smal l comput er s ys t ems and xLI NTS2D f or l ar ge s ys t ems . For each of t he t es t

pr ogr ams , as s oc i at e t he appr opr i at e dat a �l e wi t h For t r an uni t number 5.
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c) The out put �l e i s wr i t t en t o For t r an uni t number 6. As s oc i at e a s ui t abl y named �l e

( e . g. , SLI NTST. OUT) wi t h t hi s uni t number .

d) Run t he t es t pr ogr ams .

e) Send t he out put �l es t o t he aut hor s as di r ect ed i n Sect i on 5. 9. Pl eas e t e l l us t he t ype

of machi ne on whi ch t he t es t s wer e r un, t he compi l er opt i ons t hat wer e us ed, and

det ai l s of t he BLAS l i br ar y or l i br ar i es t hat you us ed.

. .

a) Compi l e t he �l es xEI GTSTF and l i nk t hemto your mat r i x gener at or l i br ar y, your

LAPACKl i br ar y, and your BLAS l i br ar y or l i br ar i es i n t hat or der ( on s ome s ys t ems

you may get uns at i s �ed ext er nal r e f er ences i f you s pec i f y t he l i br ar i es i n t he wr ong

or der ) .

b) Ther e ar e two s et s of dat a �l es f or t he l i near equat i on t es t pr ogr am, NEPTSTD,

SEPTSTD, and SVDTSTDf or smal l comput er s ys t ems and NEPTS2D, SEPTS2D,

and SVDTS2D f or l ar ge s ys t ems . Not e t hat t he s ame t hr ee i nput �l es ar e us ed

r egar dl es s of t he dat a t ype of t he t es t pr ogr am. For each r un of t he t es t pr ogr ams ,

as s oc i at e t he appr opr i at e dat a �l e wi t h For t r an uni t number 5.

c) The out put �l e i s wr i t t en t o For t r an uni t number 6. As s oc i at e s ui t abl y named �l es

wi t h t hi s uni t number ( e . g. , SNEPTST. OUT, SSEPTST. OUT, and SSVDTST. OUT

f or t he t hr ee r uns of t he REAL pr ogr am) .

d) Run the t es t pr ogr ams .

e) Send t he out put �l es t o t he aut hor s as di r ect ed i n Sect i on 5. 9. Pl eas e t e l l us t he t ype

of machi ne on whi ch t he t es t s wer e r un, t he compi l er opt i ons t hat wer e us ed, and

det ai l s of t he BLAS l i br ar y or l i br ar i es t hat you us ed.

. untheLAPAC i in Pro ra s

Ther e ar e two di s t i nct t i mi ng pr ogr ams f or LAPACKrout i nes i n each dat a t ype, one

f or t he l i near equat i ons r out i nes and one f or t he e i gens ys t emr out i nes . The t i mi ng pr ogr am

f or t he l i near equat i ons r out i nes i s al s o us ed t o t i me t he BLAS. We encour age you t o

conduct t hes e t i mi ng exper i ment s i n REAL and COMPLEXor i n DOUBLE PRECI SI ON

and COMPLEX*16; i t i s not neces s ar y t o s end t i mi ng r es ul t s i n al l f our dat a t ypes .

Two s et s of i nput �l es ar e pr ovi ded, a smal l s et f or wor ks t at i on- c l as s comput er s and

a l ar ge s et f or Cr ay- c l as s comput er s . The val ues of N i n t he l ar ge dat a s et ar e �ve t i mes

l ar ger t han t hos e i n t he smal l dat a s et , and t he l ar ge dat a s et us es �ve val ues f or t he bl ock

s i ze NBand two val ues f or t he l eadi ng ar r ay di mens i on LDA, whi l e t he smal l dat a s et us es

onl y two val ues f or NBand one f or LDA. Comput er s i n between s houl d r un t he l ar ge s et i f

pos s i bl e ; s ugges t i ons f or par i ng back t he l ar ge dat a s et ar e gi ven i n t he i ns t r uct i ons be l ow.

The smal l i nput �l es end wi t h t he f our char act er s ` TIMD' and t he l ar ge i nput �l es end wi t h

t he char act er s ` TM2D' ( except f or t he BLAS t i mi ng �l es , s ee Sect i on 5. 8. 2) . Not e t hat

t he mai n pr ogr ams ar e di mens i oned f or t he l ar ge dat a s et s , s o t he par amet er s i n t he mai n
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pr ogr ammay have t o be r educed; ot herwi s e t he compi l ed pr ogr ammay be t oo l ar ge t o r un

on a smal l machi ne.

The mi ni mumt i me each s ubr out i ne wi l l be t i med i s s et t o zer o i n each of t hes e i nput

�l es and may need t o be i ncr eas ed. I f t he t i mi ng i nt er val i s not l ong enough, t he t i me f or t he

s ubr out i ne af t er s ubt r act i ng t he over head may be ver y smal l or zer o, r es ul t i ng i n mega
op

r at es t hat ar e ver y l ar ge or zer o. (To avoi d di vi s i on by zer o, t he mega
op r at e i s s et t o zer o

i f t he t i me i s l es s t han or equal t o zer o. ) The mi ni mumt i me t hat s houl d be us ed depends

on t he machi ne and t he r es ol ut i on of t he c l ock.

For mor e i nf ormat i on on t he t i mi ng pr ogr ams and how t o modi f y t he i nput �l es , s ee

Sect i on 7.

. .

Two i nput �l es ar e pr ovi ded i n each dat a t ype f or t i mi ng t he l i near equat i on r out i nes ,

one f or f ul l mat r i ces and one f or band mat r i ces . The smal l dat a s et s ar e i n xLI NTIMDand

xBNDTIMDand the l ar ge dat a s et s ar e i n xLI NTM2Dand xBNDTM2D.

a) Compi l e t he �l es xLATIMF, and l i nk t hemto your LAPACKl i br ar y and your BLAS

l i br ar y or l i br ar i es i n t hat or der ( on s ome s ys t ems you may get uns at i s �ed ext er nal

r e f er ences i f you s pec i f y t he l i br ar i es i n t he wr ong or der ) .

b) Make any neces s ar y modi �cat i ons t o t he i nput �l es . You may need t o s et t he mi ni mum

t i me a s ubr out i ne wi l l be t i med t o a pos i t i ve val ue, or t o r es t r i ct t he s i ze of t he t es t s

i f you ar e us i ng a comput er wi t h per f ormance i n between t hat of a wor ks t at i on and

t hat of a s uper comput er . The comput at i onal r equi r ement s can be cut i n hal f by us i ng

onl y one val ue of LDA. I f i t i s neces s ar y t o al s o r educe t he mat r i x s i zes or t he val ues

of t he bl ocks i ze , cor r es pondi ng changes s houl d be made t o t he BLAS i nput �l es ( s ee

Sect i on 5. 8. 2) .

As s oc i at e t he appr opr i at e i nput �l e wi t h For t r an uni t number 5.

c) The out put �l e i s wr i t t en t o For t r an uni t number 6. As s oc i at e a s ui t abl y named

�l e wi t h t hi s uni t number ( e . g. , SLI NTIM. OUT and SBNDTIM. OUT f or t he REAL

ver s i on) .

e) Run t he pr ogr ams f or each dat a t ype you ar e us i ng wi t h t he two dat a s et s .

f ) Send t he out put �l es t o t he aut hor s as di r ect ed i n Sect i on 5. 9. Pl eas e t e l l us t he t ype

of machi ne on whi ch t he t es t s wer e r un, t he compi l er opt i ons t hat wer e us ed, and

det ai l s of t he BLAS l i br ar y or l i br ar i es t hat you us ed.

. .

Thr ee i nput �l es ar e pr ovi ded i n each dat a t ype f or t i mi ng t he Level 2 and 3 BLAS.

Thes e i nput �l es t i me t he BLAS us i ng t he mat r i x s hapes encount er ed i n t he LAPACK

rout i nes , and we wi l l us e t he r es ul t s t o anal yze t he per f ormance of t he LAPACKrout i nes .

For t he REAL ver s i on, t he smal l dat a s et s ar e SBLTIMAD, SBLTIMBD, and SBLTIMCD

and the l ar ge dat a s et s ar e SBLTM2AD, SBLTM2BD, and SBLTM2CD. Ther e ar e t hr ee
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s et s of i nput s becaus e t her e ar e t hr ee par amet er s i n t he Level 3 BLAS, M, N, and K, and

i n mos t appl i cat i ons one of t hes e par amet er s i s smal l ( on t he or der of t he bl ocks i ze) whi l e

t he ot her two ar e l ar ge ( on t he or der of t he mat r i x s i ze) . I n SBLTIMAD, Mand N ar e

l ar ge but K i s smal l , whi l e i n SBLTIMBDthe smal l par amet er i s M, and i n SBLTIMCD

the smal l par amet er i s N. The Level 2 BLAS ar e t i med onl y i n t he �r s t dat a s et , wher e K

i s al s o us ed as t he bandwi dt h f or t he banded r out i nes .

a) Make any neces s ar y modi �cat i ons t o t he i nput �l es . You may need t o s et t he mi ni mum

t i me a s ubr out i ne wi l l be t i med t o a pos i t i ve val ue. I f you modi �ed t he val ues of N

or NB i n Sect i on 5. 8. 1, s et M, N, and Kaccor di ngl y. The l ar ge par amet er s among M,

N, and Kshoul d be t he s ame as t he mat r i x s i zes us ed i n t i mi ng t he l i near equat i on

r out i nes , and t he smal l par amet er s houl d be t he s ame as t he bl ocks i zes us ed i n t i mi ng

t he l i near equat i ons r out i nes . I f neces s ar y, t he l ar ge dat a s et can be s i mpl i �ed by

us i ng onl y one val ue of LDA.

As s oc i at e t he appr opr i at e i nput �l e wi t h For t r an uni t number 5.

b) The out put �l e i s wr i t t en t o For t r an uni t number 6. As s oc i at e a s ui t abl y named �l e

wi t h t hi s uni t number ( e . g. , SBLTIMA. OUT, SBLTIMB. OUT, and SBLTIMC. OUT

f or t he t hr ee r uns of t he REAL ver s i on) .

c) Run t he t i mi ng pr ogr ams i n each dat a t ype you ar e us i ng f or each of t he t hr ee i nput

�l es .

d) Send t he out put �l es t o t he aut hor s as di r ect ed i n Sect i on 5. 9. Pl eas e t e l l us t he t ype

of machi ne on whi ch t he t es t s wer e r un, t he compi l er opt i ons t hat wer e us ed, and

det ai l s of t he BLAS l i br ar y or l i br ar i es t hat you us ed.

. .

Thr ee i nput �l es ar e pr ovi ded i n each dat a t ype f or t i mi ng t he e i gens ys t emr out i nes ,

one f or t he nons ymmet r i c e i genval ue pr obl em, one f or t he s ymmet r i c e i genval ue pr obl em,

and one f or t he s i ngul ar val ue decompos i t i on. For t he REAL ver s i on, t he smal l dat a s et s

ar e SNEPTIMD, SSEPTIMD, and SSVDTIMDand the l ar ge dat a s et s ar e SNEPTM2D,

SSEPTM2D, and SSVDTM2D. Each of t he t hr ee i nput �l es r eads a di �er ent s et of par am-

et er s and t he f ormat of t he i nput i s i ndi cat ed by a 3- char act er code on t he �r s t l i ne .

The t i mi ng pr ogr amf or e i genval ue/s i ngul ar val ue r out i nes accumul at es t he oper at i on

count as t he r out i nes ar e execut i ng us i ng s pec i al i ns t r ument ed ver s i ons of t he LAPACK

rout i nes . The �r s t s t ep i n compi l i ng t he t i mi ng pr ogr ami s t her ef or e t o make a l i br ar y of

t he i ns t r ument ed r out i nes .

a) Compi l e t he �l es xEI GSRCFand cr eat e an obj ect l i br ar y. I f you have compi l ed e i t her

t he S or Cver s i on, you mus t al s o compi l e and i nc l ude t he �l e SCI GSRCF, and i f you

have compi l ed e i t her t he Dor Z ver s i on, you mus t al s o compi l e and i nc l ude t he �l e

DZI GSRCF. I f you di d not compi l e t he �l e ALLBLASF and i nc l ude i t i n your BLAS

l i br ar y as des cr i bed i n Sect i on 5. 3, you mus t compi l e i t now and i nc l ude i t i n t he

i ns t r ument ed LAPACKl i br ar y.
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b) Compi l e t he �l es xEI GTIMF wi t h AEI GTIMF and l i nk t hem to your t es t mat r i x

gener at or l i br ar y, t he i ns t r ument ed LAPACK l i br ar y cr eat ed i n t he pr evi ous s t ep,

your LAPACK l i br ar y f r omSect i on 5. 5, and your BLAS l i br ar y i n t hat or der ( on

s ome s ys t ems you may get uns at i s �ed ext er nal r e f er ences i f you s pec i f y t he l i br ar i es

i n t he wr ong or der ) .

c) Make any neces s ar y modi �cat i ons t o t he i nput �l es . You may need t o s et t he mi ni mum

t i me a s ubr out i ne wi l l be t i med t o a pos i t i ve val ue, or t o r es t r i ct t he number of t es t s

i f you ar e us i ng a comput er wi t h per f ormance i n between t hat of a wor ks t at i on and

t hat of a s uper comput er . I ns t ead of decr eas i ng t he mat r i x di mens i ons t o r educe t he

t i me, i t woul d be bet t er t o r educe t he number of mat r i x t ypes t o be t i med, s i nce t he

per f ormance var i es mor e wi t h t he mat r i x s i ze t han wi t h t he t ype. For exampl e , f or

t he nons ymmet r i c e i genval ue r out i nes , you coul d us e onl y one mat r i x of t ype 4 i ns t ead

of f our mat r i ces of t ypes 1, 3, 4, and 6. See Sect i on 7 f or f ur t her det ai l s .

As s oc i at e t he appr opr i at e i nput �l e wi t h For t r an uni t number 5.

d) The out put �l e i s wr i t t en t o For t r an uni t number 6. As s oc i at e a s ui t abl y named �l e

wi t h t hi s uni t number ( e . g. , SNEPTIM. OUT, SSEPTIM. OUT, and SSVDTIM. OUT

f or t he t hr ee r uns of t he REAL ver s i on) .

e) Run t he pr ogr ams i n each dat a t ype you ar e us i ng wi t h t he t hr ee dat a s et s .

f ) Send t he out put �l es t o t he aut hor s as di r ect ed i n Sect i on 5. 9. Pl eas e t e l l us t he t ype

of machi ne on whi ch t he t es t s wer e r un, t he compi l er opt i ons t hat wer e us ed, and

det ai l s of t he BLAS l i br ar y or l i br ar i es t hat you us ed.

. Sen the esults to ennessee

Congr at ul at i ons You have now�ni s hed i ns t al l i ng and t es t i ng LAPACK. Your par t i c i -

pat i on i s gr eat l y appr ec i at ed. I f pos s i bl e , r es ul t s and comment s s houl d be s ent by el ect r oni c

mai l t o

eander s o cs . ut k. edu

Otherwi s e , r es ul t s may be s ubmi t t ed e i t her by s endi ng t he aut hor s a har d copy of t he out put

�l es or by r et ur ni ng t he di s t r i but i on t ape wi t h t he out put �l es s t or ed on i t .

We encour age you t o make t he LAPACKl i br ar y avai l abl e t o your us er s and pr ovi de us

wi t h f eedback f r omthei r exper i ences . You s houl d make i t c l ear t hat t hi s s of tware i s s t i l l

under deve l opment , and many par t s of i t wi l l be changed bef or e t he pr oj ect i s compl et ed.

The changes may a�ect t he cal l i ng s equences of s ome r out i nes , s o t he publ i c r e l eas e of

LAPACKi s not guar ant eed t o be compat i bl e wi t h t hi s ver s i on.

I f you woul d l i ke t o do mor e, pl eas e cont act us s o t hat we may coor di nat e your e�or t s

wi t h t he devel opment of t he �nal t es t r e l eas e of LAPACK. One opt i on i s t o l ook at ways

t o i mpr ove t he per f ormance of LAPACKon your machi ne. At t he t i me of t he �r s t t es t

r e l eas e of LAPACKi n Apr i l , 1989, many peopl e di d not yet have opt i mi zed ver s i ons of t he

BLAS. I f t hi s i s s t i l l t he cas e at your s i t e , i mpr ovement s t o t he BLAS woul d l i ke l y have

a dr amat i c e�ect on per f ormance. Other s ugges t i ons on �ne- t uni ng s pec i �c al gor i t hms ar e
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al s o wel come. For exampl e , one of our t es t s i t es not i ced t hat t he r ow i nt er changes i n t he

LUf act or i zat i on r out i ne SGETRFwer e degr adi ng per f ormance on t he I BM3090 becaus e of

t he non- uni t s t r i de i n SSWAP [ 1] . I n r es pons e we added t he auxi l i ar y r out i ne SLASWP to

i nt er change a bl ock of r ows , s o t hat us er s of t he I BM3090 coul d eas i l y r epl ace t hi s r out i ne

wi t h one i n whi ch t he r ow i nt er changes ar e appl i ed t o one col umn at a t i me.

ore A out Testi n

Ther e ar e two di s t i nct t es t pr ogr ams f or LAPACKrout i nes i n each dat a t ype, one f or t he

l i near equat i on r out i nes and one f or t he e i gens ys t emr out i nes . Each pr ogr amhas i t s own

s t yl e of i nput , and t he e i gens ys t emt es t pr ogr amaccept s t hr ee di �er ent s et s of par amet er s ,

f or t he nons ymmet r i c e i genval ue pr obl em, t he s ymmet r i c e i genval ue pr obl em, and t he s i n-

gul ar val ue decompos i t i on. The f ol l owi ng s ect i ons des cr i be t he di �er ent i nput f ormat s and

t es t i ng s t yl es .

. estin theLinear uation outines

The t es t pr ogr amf or t he l i near equat i on r out i nes i s dr i ven by a dat a �l e f r omwhi ch t he

f ol l owi ng par amet er s may be var i ed:

� M, the mat r i x r owdi mens i on

� N, t he mat r i x col umn di mens i on

� NB, t he bl ocks i ze f or t he bl ocked r out i nes

For s ymmet r i c or Hermi t i an mat r i ces , t he val ues of Nar e us ed f or t he mat r i x di mens i on.

The i nput �l e al s o s pec i �es a s et of LAPACKpath names and t he t es t mat r i x t ypes t o

be us ed i n t es t i ng t he r out i nes i n each pat h. Pat h names ar e 3 char act er s l ong; t he �r s t

char act er i ndi cat es t he dat a t ype, and t he next two char act er s i dent i f y a mat r i x t ype or

pr obl emtype. The t es t pat hs f or t he l i near equat i on t es t pr ogr amar e as f ol l ows :

S, C, D, Z GE Gener al mat r i ces ( LU f act or i zat i on)

S, C, D, Z GB Gener al banded mat r i ces

S, C, D, Z PO Pos i t i ve de�ni t e mat r i ces (Chol es ky f act or i zat i on)

S, C, D, Z PP Pos i t i ve de�ni t e packed

S, C, D, Z PB Pos i t i ve de�ni t e banded

S, C, D, Z SY Symmet r i c i nde�ni t e mat r i ces (Bunch- Kauf man f act or i zat i on)

S, C, D, Z SP Symmet r i c i nde�ni t e packed

C, Z HE Hermi t i an i nde�ni t e mat r i ces (Bunch- Kauf man f act or i zat i on)

C, Z HP Hermi t i an i nde�ni t e packed

S, C, D, Z QR QRand LQdecompos i t i ons

The xQR t es t pat h al s o t es t s t he r out i nes f or gener at i ng or mul t i pl yi ng by an or t hogonal

or uni t ar y mat r i x expr es s ed as a s equence of Hous ehol der t r ans f ormat i ons .
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� Us e i t er at i ve r e�nement ( xxxRFS) t o i mpr ove t he s ol ut i on, and comput e t he r at i os

� =( ")

( backward er r or ) ="

� =( ( er r or bound) )

� Comput e t he condi t i on number us i ng xxxCON, and f ormthe pr oduct RCOND� .

The s ol ve and i t er at i ve r e�nement s t eps ar e al s o t es t ed wi t h Ar epl aced by Aor A wher e

appl i cabl e . The t es t r at i os comput ed f or t he r eal l i near equat i on t es t pat hs ( except SQR)

ar e l i s t ed i n Tabl e 2. The compl ex t es t r at i os ar e t he s ame except f or t he CGE and CGB

paths ; t her e Ai s r epl aced by A, and two mor e t es t s ar e i ns er t ed t o t es t t he s ol ut i on

(wi t hout i t er at i ve r e�nement ) of A= .

Tes t r at i o SGE SGB SPO, SPP SPB SSY, SSP

U� A =(n A ") 1 1 1 1 1

�AA �1 =(n A A�1 ") 2 2 2

�A =( A ") 3, 8 2, 7 3 2 3

� =( ") 4, 9 3, 8 4 3 4

� =( ") , r e�ned 5, 10 4, 9 5 4 5

( backward er r or ) =" 6, 11 5, 10 6 5 6

� =( ( er r or bound)) 7, 12 6, 11 7 6 7

RCOND � 13 12 8 7 8

T{ s ol ve A =

Tabl e 2: Tes t s per f ormed f or t he REAL l i near equat i on t es t pat hs

I n t he SQR t es t pat h, r out i nes ar e t es t ed f or comput i ng t he QR decompos i t i on

( SGEQRF) , comput i ng t he LQdecompos i t i on ( SGELQF) , gener at i ng an or t hogonal mat r i x

expr es s ed as a s equence of Hous ehol der t r ans f ormat i ons ( SORGEN) , and mul t i pl yi ng by an

or t hogonal mat r i x expr es s ed as a s equence of Hous ehol der t r ans f ormat i ons ( SORMUL) . I n

t he compl ex cas e , SORGEN i s cal l ed CUNGEN, SORMUL i s cal l ed CUNMUL, and Q i s

uni t ar y i ns t ead of or t hogonal . Tes t s 1{7 i n t he l i s t be l ow ar e per f ormed i f t he m� n t es t

mat r i x s at i s �es m n, and t es t s 8{14 ar e per f ormed i f m n.

� Comput e t he QR f act or i zat i on us i ng SGEQRF, gener at e t he or t hogonal mat r i x

f r omthe Hous ehol der vect or s us i ng SORGEN, and comput e t he r at i o

1. A� =(mA ")

� Tes t t he or t hogonal i t y of t he comput ed mat r i x by comput i ng t he r at i o

2. � =(m")

� Gener at e a r andommat r i x C and mul t i pl y i t by or us i ng SORMUL wi t h

UPLO= ` L' , and compar e t he r es ul t t o t he pr oduct of C and ( or) us i ng t he

expl i c i t mat r i x gener at ed by SORGEN. The di �er ent opt i ons f or SORMUL ar e

t es t ed by comput i ng t he 4 r at i os
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. .

Fromthe t es t pr ogr am' s i nput �l e , one can cont r ol t he s i ze of t he t es t mat r i ces , t he

bl ock s i ze f or t he bl ocked r out i nes , t he pat hs t o be t es t ed, and t he mat r i x t ypes us ed i n

t es t i ng. We have s et t he opt i ons i n t he i nput �l es t o r un t hr ough al l of t he t es t pat hs . An

annot at ed exampl e of an i nput �l e f or t he REAL t es t pr ogr ami s s hown bel ow.

Data file for testing REAL LAPACK linear e uation routines

Number of values of M

0 1 2 3 5 10 20 70 Values of M (row dimension)

Number of values of N

0 1 2 3 5 10 20 70 Values of N (column dimension)

3 Number of values of NB

1 3 20 Values of NB (t e blocksize)

2 Number of rig t and sides

20.0 T res old value of test ratio.

SGE List t pes on next line if 0 NT PES

SGB 12 List t pes on next line if 0 NT PES 12

SPO List t pes on next line if 0 NT PES

SPP List t pes on next line if 0 NT PES

SPB List t pes on next line if 0 NT PES

SS List t pes on next line if 0 NT PES

SSP List t pes on next line if 0 NT PES

SQR List t pes on next line if 0 NT PES

The �r s t 9 l i nes of t he i nput �l e ar e r ead us i ng l i s t - di r ect ed i nput and ar e us ed t o s pec i f y

t he val ues of M, N, NB, and THRESH ( t he t hr es hol d val ue) . The r emai ni ng l i nes occur

i n s et s of 1 or 2 and al l ow the us er t o s pec i f y t he mat r i x t ypes . Each l i ne cont ai ns a 3-

char act er pat h name i n col umns 1- 3 and t he number of t es t mat r i x t ypes i n col umns 5- 10.

I f t he number of mat r i x t ypes i s at l eas t 1 but i s l es s t han t he maxi mumnumber of pos s i bl e

t ypes , a s econd l i ne wi l l be r ead t o get t he number s of t he mat r i x t ypes t o be us ed. For

exampl e , t he i nput l i ne

SGE

r eques t s al l of t he mat r i x t ypes f or pat h SGE, whi l e

SGE 3

4 5

r eques t s onl y mat r i ces of t ype 4, 5, and 6.

The number and s i ze of t he i nput val ues ar e l i mi t ed by cer t ai n pr ogr ammaxi mums

whi ch ar e de�ned i n PARAMETERs t at ement s i n t he mai n t es t pr ogr am:

Par amet er Des cr i pt i on Val ue

NMAX Maxi mumval ue f or M, N, or NB 132

MAXI N Maxi mumnumber of val ues of M, N, or NB 12

MAXRHS Maxi mumnumber of r i ght hand s i des 10
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The mai n t es t pr ocedur e f or t he REAL l i near equat i on r out i nes i s i n LAPACK/TEST-

ING/LIN/sc kaa.f i n t he Uni x ver s i on and i s t he �r s t pr ogr amuni t i n SLINTSTF i n t he

non- Uni x ver s i on.

. 2 est i n the ons etri c i enval ue outi nes

The t es t r out i ne f or t he LAPACKnons ymmet r i c e i genval ue r out i nes , l i ke t he t es t pr o-

gr amf or t he r out i nes whi ch s ol ve l i near s ys t ems , gener at es a number of di �er ent t es t ma-

t r i ces and comput es meas ur es of t he er r or . The par amet er s whi ch may be var i ed ar e :

� t he or der Nof t he t es t mat r i x A

� t he t ype of t he t es t mat r i x A

� t hr ee numer i cal par amet er s : t he bl ocks i ze NB, t he number of s hi f t s NSf or t he mul -

t i s hi f t QR method, and t he ( s ub)mat r i x s i ze MAXBbel ow or equal t o whi ch an

unbl ocked, EI SPACK- s tyl e met hod wi l l be us ed

The t es t pr ogr am thus cons i s t s of a t r i pl y- nes t ed l oop, t he out er one over t r i pl es

(NB; NS; MAXB ) , t he next over N, and t he i nner one over mat r i x t ypes . On each i t er at i on

of t he i nnermos t l oop, a mat r i x A i s gener at ed and us ed t o t es t t he e i genval ue r out i nes .

. .

Twenty- one di �er ent t ypes of t es t mat r i ces may be gener at ed f or t he nons ymmet r i c

e i genval ue r out i nes . Tabl e 3 s hows t he t ypes avai l abl e , al ong wi t h t he number s us ed t o

r ef er t o t he mat r i x t ypes . Except as not ed, al l mat r i ces have ( 1) ent r i es .

Ei genval ue Di s t r i but i on

Type Ar i t hmet i c Geomet r i c Cl us t er ed Random Other

Zer o 1

I dent i t y 2

( Jor dan Bl ock) 3

Di agonal 4, 7, 8 5 6

U U �1 9 10 11 12
�1 13 14 15 16, 17, 18

Randoment r i es 19, 20, 21

{ mat r i x ent r i es ar e e

{ mat r i x ent r i es ar e e

Tabl e 3: Tes t mat r i ces f or t he nons ymmet r i c e i genval ue pr obl em

Mat r i x t ypes i dent i �ed as \Zer o", \I dent i t y", \Di agonal ", and \Randoment r i es " s houl d

be s e l f - expl anat or y. The ot her mat r i x t ypes have t he f ol l owi ng meani ngs :

( Jor dan Bl ock) Mat r i x wi t h ones on t he di agonal and t he �r s t s ubdi agonal , and zer os

e l s ewher e
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. untheLAPAC est Pro ra s

Ther e ar e two di s t i nct t es t pr ogr ams f or LAPACKrout i nes i n each dat a t ype, one f or

t he l i near equat i on r out i nes and one f or t he e i gens ys t emr out i nes . Two s et s of i nput �l es

ar e pr ovi ded, a smal l s et f or wor ks t at i on- c l as s comput er s and a l ar ge s et f or Cr ay- c l as s

comput er s . Ashar �l e i s pr ovi ded i n LAPACK/TESTING f or each of t he two s et s of i nput �l es .

Type

s lgtst.s ar f or t he l ar ge s et of i nput �l es , or

s smtst.s ar f or t he smal l s et of i nput �l es

Ei t her command cr eat es t hr ee i nput �l es f or t he e i gens ys t emr out i nes and one i nput �l e i n

each dat a t ype f or t he l i near equat i on r out i nes .

For mor e i nf ormat i on on t he t es t pr ogr ams and howt o modi f y t he i nput �l es , s ee Sect i on

6.

. .

a) Go t o LAPACK/TESTING/LIN and edi t t he make�l e . De�ne FORTRAN and OPTS t o r ef er

t o t he compi l er and des i r ed compi l er opt i ons f or your machi ne, and de�ne LOADER

and LOADOPTS t o r ef er t o t he l oader and des i r ed l oad opt i ons f or your machi ne. I f you

ar e not us i ng t he For t r an BLAS, de�ne BLAS t o poi nt t o your s ys t em' s BLAS l i br ar y,

i ns t ead of ../../blas.a.

b) Type make f ol l owed by t he dat a t ypes des i r ed, as i n t he exampl es of Sect i on 3. 5.

The execut abl e �l es ar e cal l ed xc ks, xc kc, xc kd, and xc kz and ar e cr eat ed i n

LAPACK/TESTING.

c) Go t o LAPACK/TESTING and r un t he t es t s f or each dat a t ype. For t he REAL ver s i on,

t he command i s

xc ks stest.in stest.out

The t es t s us i ng xc kd, xc kc, and xc kz ar e s i mi l ar wi t h t he l eadi ng ` s ' i n t he i nput

and out put �l e names r epl aced by ` d' , ` c ' , or ` z ' .

d) Send t he out put �l es t o t he aut hor s as di r ect ed i n Sect i on 4. 9. Pl eas e t e l l us t he t ype

of machi ne on whi ch t he t es t s wer e r un, t he compi l er opt i ons t hat wer e us ed, and

det ai l s of t he BLAS l i br ar y or l i br ar i es t hat you us ed.

. .

a) Go t o LAPACK/TESTING/EIG and edi t t he make�l e . De�ne FORTRAN and OPTS t o r ef er

t o t he compi l er and des i r ed compi l er opt i ons f or your machi ne, and de�ne LOADER

and LOADOPTS t o r ef er t o t he l oader and des i r ed l oad opt i ons f or your machi ne. I f you

ar e not us i ng t he For t r an BLAS, de�ne BLAS t o poi nt t o your s ys t em' s BLAS l i br ar y,

i ns t ead of ../../blas.a.
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U U �1 Schur - f ormmat r i x wi t h ( 1) ent r i es conj ugat ed by a uni t ar y ( or r eal or t hogo-

nal ) mat r i x U

�1 Schur - f ormmat r i x wi t h ( 1) ent r i es conj ugat ed by an i l l - condi t i oned mat r i x

For e i genval ue di s t r i but i ons ot her t han \Other ", t he e i genval ues l i e between " ( t he

machi ne pr ec i s i on) and 1 i n abs ol ut e val ue. The e i genval ue di s t r i but i ons have t he f ol l owi ng

meani ngs :

Ar i t hmet i c :Di �er ence between adj acent e i genval ues i s a cons t ant

Geomet r i c :Rat i o of adj acent e i genval ues i s a cons t ant

Cl us t er ed:One ei genval ue i s 1 and t he r es t ar e " i n abs ol ut e val ue

Random: Ei genval ues ar e l ogar i t hmi cal l y di s t r i but ed

. .

Fi ndi ng t he e i genval ues and ei genvect or s of a nons ymmet r i c mat r i x A i s done i n t he

f ol l owi ng s t ages :

1. Ai s decompos ed as U U, wher e U i s uni t ar y, i s upper Hes s enber g, and Ui s t he

conj ugat e t r ans pos e of U.

2. i s decompos ed as , wher e i s uni t ar y and i s i n Schur f orm; t hi s al s o gi ves

t he e i genval ues, whi ch may be cons i der ed t o f orma di agonal mat r i x .

3. The l e f t and r i ght e i genvect or mat r i ces and of t he Schur mat r i x ar e comput ed.

4. I nver s e i t er at i on i s us ed t o obt ai n t he l e f t and r i ght e i genvect or mat r i ces and of

t he mat r i x .

To check t hes e cal cul at i ons , t he f ol l owi ng t es t r at i os ar e comput ed:

r1 =
�

�

r2 =
�

�

r3 =
�

�

r4 =
�

�

r5 =
�

�

r = �

�

r = 1� r = 1�

r = � r10 =
�

r11 =
�

r12 =
�
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wher e t he s ubs cr i pt 1 i ndi cat es t hat t he e i genval ues and ei genvect or s wer e comput ed at t he

s ame t i me, and 0 t hat t hey wer e comput ed i n s epar at e s t eps . (Al l norms ar e:
1
. ) The

s cal i ngs i n t he t es t r at i os as s ur e t hat t he r at i os wi l l be ( 1) , i ndependent ofA and ",

and near l y i ndependent of n.

When t he t es t pr ogr ami s r un, t hes e t es t r at i os wi l l be compar ed wi t h a us er - s pec i �ed

t hr es hol d THRESH, and f or each t es t r at i o t hat exceeds THRESH, a mes s age i s pr i nt ed

s pec i f yi ng t he t es t mat r i x, t he r at i o t hat f ai l ed, and i t s val ue. As ampl e mes s age i s

Matrix order= 25, t pe=11, seed=254 ,142 ,1713,1411, result is 11.33

I n t hi s exampl e , t he t es t mat r i x was of or der n=25 and of t ype 11 f r omTabl e 3, \s eed" i s

t he i ni t i al 4- i nt eger s eed of t he r andomnumber gener at or us ed t o gener at e A, and \r es ul t "

s pec i �es t hat t es t r at i o rf ai l ed t o pas s t he t hr es hol d, and i t s val ue was 11: 33.

. .

An annot at ed exampl e of an i nput �l e f or t es t i ng t he nons ymmet r i c e i genval ue r out i nes

i s s hown bel ow.

NEP: Data file for testing t e Nons mmetric Eigenvalue Problem

Number of values of N

0 1 2 3 5 10 20 70 Values of N (dimension)

3 Number of values of NB

1 3 20 Values of NB (blocksize)

1 Values of NSHIFT (no. of s ifts)

2 10 10 Values of MAXB (min. blocksize)

20.0 T res old value

1 Code to interpret t e seed

NEP 21

The �r s t l i ne of t he i nput �l e mus t cont ai n t he char act er s NEP i n col umns 1{3. Li nes

2{9 ar e r ead us i ng l i s t - di r ec t ed i nput and s pec i f y t he f ol l owi ng val ues :

l i ne 2: The number of val ues of N

l i ne 3: The val ues of N, t he mat r i x di mens i on

l i ne 4: The number of val ues of t he par amet er s NB, NS, and MAXB

l i ne 5: The val ues of NB, t he bl ocks i ze

l i ne 6: The val ues of NS, t he number of s hi f t s

l i ne 7: The val ues of MAXB, t he mi ni mumbl ocks i ze

l i ne 8: The t hr es hol d val ue f or t he t es t r at i os

l i ne 9: An i nt eger code t o i nt er pr et t he r andomnumber s eed

=0: Set t he s eed t o a def aul t val ue bef or e each r un

=1: I ni t i al i ze t he s eed t o a def aul t val ue onl y bef or e t he �r s t r un

=2: Li ke 1, but us e t he s eed val ues on t he next l i ne

l i ne 10: I f l i ne 9 was 2, f our i nt eger val ues f or t he r andomnumber s eed
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The r emai ni ng l i nes occur i n s et s of 1 or 2 and al l ow the us er t o s pec i f y t he mat r i x t ypes .

Each l i ne cont ai ns a 3- char act er i dent i �cat i on i n col umns 1{3, whi ch mus t be e i t her NEP

or SHS (CHS i n compl ex, DHS i n doubl e pr ec i s i on, and ZHS i n compl ex*16) , and t he number

of mat r i x t ypes mus t be t he �r s t nonbl ank i t emi n col umns 4{80. I f t he number of mat r i x

t ypes i s at l eas t 1 but i s l es s t han t he maxi mumnumber of pos s i bl e t ypes , a s econd l i ne

wi l l be r ead t o get t he number s of t he mat r i x t ypes t o be us ed. For exampl e ,

NEP 21

r eques t s al l of t he mat r i x t ypes f or t he nons ymmet r i c e i genval ue pr obl em, whi l e

NEP 4

10 11 12

r eques t s onl y mat r i ces of t ype 9, 10, 11, and 12.

The number and s i ze of t he i nput val ues ar e l i mi t ed by cer t ai n pr ogr ammaxi mums

whi ch ar e de�ned i n PARAMETERs t at ement s i n t he mai n t es t pr ogr am:

Par amet er Des cr i pt i on Val ue

NMAX Maxi mumval ue f or N, NB, NS, and MAXB 132

MAXI N Maxi mumnumber of val ues of t he par amet er s 20

For t he nons ymmet r i c e i genval ue i nput �l e , MAXI Ni s bot h t he maxi mumnumber of val ues

of N and t he maxi mumnumber of 3- t upl es (NB, NS, MAXB) . The mai n t es t pr ocedur e

f or t he REAL ei genval ue r out i nes i s i n LAPACK/TESTING/EIG/sc kee.f i n t he Uni x ver s i on

and i s t he �r s t pr ogr amuni t i n SEIGTSTF i n t he non- Uni x ver s i on.

. 3 est i n the S etri c i enval ue outi nes

The t es t r out i ne f or t he LAPACKsymmet r i c e i genval ue r out i nes has t he f ol l owi ng pa-

r amet er s whi ch may be var i ed:

� t he or der Nof t he t es t mat r i x A

� t he t ype of t he t es t mat r i x A

� t he bl ocks i ze NB

The t es t i ng pr ogr amthus cons i s t s of a t r i pl y- nes t ed l oop, t he out er one over NB, t he next

over N, and t he i nner one over mat r i x t ypes . On each i t er at i on of t he i nnermos t l oop, a

mat r i x A i s gener at ed and us ed t o t es t t he e i genval ue r out i nes .

. .

Fi f t een di �er ent t ypes of t es t mat r i ces may be gener at ed f or t he s ymmet r i c e i genval ue

r out i nes . Tabl e 4 s hows t he t ypes avai l abl e , al ong wi t h t he number s us ed t o r ef er t o t he ma-

t r i x t ypes . Except as not ed, al l mat r i ces have ( 1) ent r i es . The expr es s i on U U�1 means

a r eal di agonal mat r i x wi t h ( 1) ent r i es conj ugat ed by a uni t ar y ( or r eal or t hogonal )

mat r i x U. The e i genval ue di s t r i but i ons have t he s ame meani ngs as i n t he nons ymmet r i c

cas e ( s ee Sect i on 6. 2. 1) .
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Ei genval ue Di s t r i but i on

Type Ar i t hmet i c Geomet r i c Cl us t er ed Other

Zer o 1

I dent i t y 2

Di agonal 3, 6, 7 4 5

U U �1 8, 11, 12 9 10

Randoment r i es 13, 14, 15

{ mat r i x ent r i es ar e e

{ mat r i x ent r i es ar e e

Tabl e 4: Tes t mat r i ces f or t he s ymmet r i c e i genval ue pr obl em

. .

Fi ndi ng t he e i genval ues and ei genvect or s of a s ymmet r i c mat r i x Ai s done i n t he f ol l owi ng

s t ages :

1. A i s decompos ed as U U, wher e U i s uni t ar y, i s r eal s ymmet r i c t r i di agonal , and

U i s t he conj ugat e t r ans pos e of U.

2. i s decompos ed as , wher e i s r eal or t hogonal and i s a r eal di agonal mat r i x

of e i genval ues .

3. The \PWK" method i s us ed t o comput e us i ng a s quar e- r oot - f r ee met hod whi ch

does not comput e .

To check t hes e cal cul at i ons , t he f ol l owi ng t es t r at i os ar e comput ed:

r1 =
�

�

r2 =
�

�

r3 =
�

�

r4 =
�

�

r5 =
�

�

r = �

�

r = 1� r = 1�

r = f r omSturms equence t es t

wher e t he s ubs cr i pt 1 i ndi cat es t hat t he e i genval ues and ei genvect or s wer e comput ed at t he

s ame t i me, and 0 t hat t hey wer e comput ed i n s epar at e s t eps . (Al l norms ar e:
1
. ) The

s cal i ngs i n t he t es t r at i os as s ur e t hat t he r at i os wi l l be ( 1) ( t ypi cal l y l es s t han 10 or 100) ,

i ndependent ofA and ", and near l y i ndependent of n.

The \St urms equence t es t " i s a t es t of howmuch t he e i genval ues i n di �er f r omthe

e i genval ues of . St urms equences ar e us ed t o t es t whet her an ei genval ue of l i es wi t hi n an
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i nt er val ( � ; + ) , wher e i s a di agonal ent r y of . I ncr eas i ngl y l ar ger val ues of ar e

t r i ed unt i l one i s f ound s uch t hat al l t he di agonal ent r i es l i e wi t hi n of an ei genval ue of .

The �r s t ( smal l es t ) s uch , di vi ded by " t i mes t he abs ol ut e val ue of t he l ar ges t e i genval ue,

i s t hen r.

As i n t he nons ymmet r i c cas e , t he t es t r at i os f or each t es t mat r i x ar e compar ed t o a

us er - s pec i �ed t hr es hol d THRESH, and a mes s age i s pr i nt ed f or each t es t t hat exceeds t hi s

t hr es hol d.

. .

An annot at ed exampl e of an i nput �l e f or t es t i ng t he s ymmet r i c e i genval ue r out i nes i s

s hown bel ow.

SEP: Data file for testing t e S mmetric Eigenvalue Problem

Number of values of N

0 1 2 3 5 10 20 70 Values of N (dimension)

3 Number of values of NB

1 3 20 Values of NB (blocksize)

20.0 T res old value

1 Code to interpret t e seed

SEP 15

The �r s t l i ne of t he i nput �l e mus t cont ai n t he char act er s SEP i n col umns 1{3. Li nes

2{7 ar e r ead us i ng l i s t - di r ec t ed i nput and s pec i f y t he f ol l owi ng val ues :

l i ne 2: The number of val ues of N

l i ne 3: The val ues of N, t he mat r i x di mens i on

l i ne 4: The number of val ues of t he par amet er NB

l i ne 5: The val ues of NB, t he bl ocks i ze

l i ne 6: The t hr es hol d val ue f or t he t es t r at i os

l i ne 7: An i nt eger code t o i nt er pr et t he r andomnumber s eed

=0: Set t he s eed t o a def aul t val ue bef or e each r un

=1: I ni t i al i ze t he s eed t o a def aul t val ue onl y bef or e t he �r s t r un

=2: Li ke 1, but us e t he s eed val ues on t he next l i ne

l i ne 8: I f l i ne 7 was 2, f our i nt eger val ues f or t he r andomnumber s eed

The r emai ni ng l i nes ar e us ed t o s pec i f y t he mat r i x t ypes f or one or mor e s et s of t es t s , as i n

t he nons ymmet r i c cas e . The val i d 3- char act er codes ar e SEP or SST (CST i n compl ex, DST

i n doubl e pr ec i s i on, and ZST i n compl ex*16) .

The number and s i ze of t he i nput val ues ar e l i mi t ed by cer t ai n pr ogr ammaxi mums

whi ch ar e de�ned i n PARAMETERs t at ement s i n t he mai n t es t pr ogr am:

Par amet er Des cr i pt i on Val ue

NMAX Maxi mumval ue f or Nand NB 132

MAXI N Maxi mumnumber of val ues of Nand NB 20
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The mai n t es t pr ocedur e f or t he s i ngl e pr ec i s i on r eal e i genval ue r out i nes i s i n LAPACK/TEST-

ING/EIG/sc kee.f i n t he Uni x ver s i on and i s t he �r s t pr ogr amuni t i n SEIGTSTF i n t he

non- Uni x ver s i on.

. est i n the Si n ul ar al ue eco posi t i on outi nes

The t es t r out i ne f or t he LAPACKs i ngul ar val ue decompos i t i on ( SVD) r out i nes has t he

f ol l owi ng par amet er s whi ch may be var i ed:

� t he number of r ows Mand col umns Nof t he t es t mat r i x A

� t he t ype of t he t es t mat r i x A

� t he bl ocks i ze NB

The t es t pr ogr amthus cons i s t s of a t r i pl y- nes t ed l oop, t he out er one over NB, t he next over

pai r s (M; N) , and t he i nner one over mat r i x t ypes . On each i t er at i on of t he i nnermos t l oop,

a mat r i x A i s gener at ed and us ed t o t es t t he SVDrout i nes .

. .

Si xt een di �er ent t ypes of t es t mat r i ces may be gener at ed f or t he s i ngul ar val ue decom-

pos i t i on r out i nes . Tabl e 5 s hows t he t ypes avai l abl e , al ong wi t h t he number s us ed t o r ef er

t o t he mat r i x t ypes . Except as not ed, al l mat r i x t ypes ot her t han t he r andombi di agonal

mat r i ces have ( 1) ent r i es .

Si ngul ar Val ue Di s t r i but i on

Type Ar i t hmet i c Geomet r i c Cl us t er ed Other

Zer o 1

I dent i t y 2

Di agonal 3, 6, 7 4 5

U V 8, 11, 12 9 10

Randoment r i es 13, 14, 15

Randombi di agonal 16

{ mat r i x ent r i es ar e e

{ mat r i x ent r i es ar e e

Tabl e 5: Tes t mat r i ces f or t he s i ngul ar val ue decompos i t i on

Mat r i x t ypes i dent i �ed as \Zer o", \Di agonal ", and \Randoment r i es " s houl d be s e l f -

expl anat or y. The ot her mat r i x t ypes have t he f ol l owi ng meani ngs :

I dent i t y:Ami n (M; N) �mi n(M; N) i dent i t y mat r i x wi t h zer o r ows or col umns added t o t he

bot t omor r i ght t o make i t M� N

U V Real M� N di agonal mat r i x wi t h ( 1) ent r i es mul t i pl i ed by uni t ar y ( or r eal

or t hogonal ) mat r i ces on t he l e f t and r i ght
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Randombi di agonal :Upper bi di agonal mat r i x whos e ent r i es ar e r andoml y chos en f r oma

l ogar i t hmi c di s t r i but i on on [ "2; "�2]

The QRal gor i t hmus ed i n xBDSQRshoul d comput e al l s i ngul ar val ues , even smal l ones , t o

good r e l at i ve accur acy, even of mat r i ces wi t h ent r i es var yi ng over many or der s of magni t ude,

and t he r andombi di agonal mat r i x i s i nt ended t o t es t t hi s . Thus , unl i ke t he ot her mat r i x

t ypes , t he r andombi di agonal mat r i x i s ne i t her ( 1) , nor an ( 1) mat r i x s cal ed t o s ome

ot her magni t ude.

The s i ngul ar val ue di s t r i but i ons ar e anal ogous t o t he e i genval ue di s t r i but i ons i n t he

nons ymmet r i c e i genval ue pr obl em( s ee Sect i on 6. 2. 1) .

. .

Fi ndi ng t he s i ngul ar val ues and s i ngul ar vect or s of a dens e , m� n mat r i x A i s done i n

t he f ol l owi ng s t ages :

1. A i s decompos ed as B , wher e and ar e uni t ar y and B i s r eal bi di agonal .

2. B i s decompos ed as U V , wher e U and V ar e r eal or t hogonal and i s a pos i t i ve r eal

di agonal mat r i x of s i ngul ar val ues .

I n addi t i on, t he LAPACKrout i nes xBDSQRcan appl y t he t r ans f ormat i ons t hat f ormUto

an ar bi t r ar y ~n =mi n (m; n) �k mat r i x C; t he r es ul t i ng mat r i x we cal l . The t es t r out i nes

t her ef or e s t ar t wi t h a r andomm� k mat r i x wi t h ( 1) ent r i es , as wel l as A, and appl y

al l t r ans f ormat i ons t o whi ch ar e appl i ed t o Af r omthe l e f t .

To check t hes e cal cul at i ons , t he f ol l owi ng t es t r at i os ar e comput ed:

r1 =
�

;
r2 =

�

;

r3 =
�

�

r4 =
�

�

r5 =
�

r = �

;

r = �

�

r = �

�

r = �

�

;
r10 =

�

;

r11 =
�

�

r12 =
�

�

r13 =
1� r14 = s f r omSturms equence t es t

wher e t he s ubs cr i pt 1 i ndi cat es t hat U and V wer e comput ed at t he s ame t i me as , and

0 t hat t hey wer e not . (Al l norms ar e:
1
. ) The s cal i ngs i n t he t es t r at i os as s ur e t hat t he
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r at i os wi l l be ( 1) ( t ypi cal l y l es s t han 10 or 100) , i ndependent ofA and ", and near l y

i ndependent of mor n.

The \St urms equence t es t " i s a t es t of howmuch t he s i ngul ar val ues i n di �er f r om

the s i ngul ar val ues of B: St urms equences ar e us ed t o t es t whet her a s i ngul ar val ue of B

l i es wi t hi n an i nt er val ( ( 1 � s) ; ( 1 +s) ) , wher e i s a di agonal ent r y of . I ncr eas i ngl y

l ar ger val ues of s ar e t r i ed unt i l one i s f ound s uch t hat al l t he di agonal ent r i es l i e wi t hi n

s of a s i ngul ar val ue of B. The �r s t ( smal l es t ) s uch s, di vi ded by ", i s t hen r14.

When t he t es t pr ogr ami s r un, t hes e t es t r at i os wi l l be compar ed wi t h a us er - s pec i �ed

t hr es hol d THRESH: i f a t es t r at i o exceeds THRESH, a mes s age s uch as

Matrix order= 25, t pe=10, seed=254 ,142 ,1713,1411, result is 11.33

i f A i s s quar e , or

3 x 5 matrix, t pe=14, seed=1 04,2 41,224 ,1241, result 5 is 14.57

wi l l be pr i nt ed out . Thi s s pec i �es t he t es t mat r i x, t he r at i o t hat f ai l ed, and i t s val ue. I n

t he s econd exampl e , mi s 3, n i s 5, t he t ype number ( s ee Tabl e 5) i s 14, whi ch means a

\r andombi di agonal " mat r i x, t he t es t r at i o whi ch f ai l ed was r5, and t he val ue of r5 was

14:57. Gi ven t he s eed, t he s i ze , and t he t ype, i t i s pos s i bl e t o r econs t r uct t he t es t mat r i x

exact l y, s ubj ect onl y t o pos s i bl e di �er i ng numer i cal pr oper t i es on di �er ent machi nes , and

t hus r epr oduce any pr obl emwi t h a r out i ne.

. .

An annot at ed exampl e of an i nput �l e f or t es t i ng t he s i ngul ar val ue decompos i t i on

r out i nes i s s hown bel ow.

SVD: Data file for testing t e Singular Value Decomposition

20 Number of values of M

0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3 10 10 70 70 Values of M

0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3 10 70 10 70 Values of N

1 Number of values of NB

1 Values of NB (blocksize)

2 Values of NRHS

20.0 T res old value

1 Code to interpret t e seed

SVD 1

The �r s t l i ne of t he i nput �l e mus t cont ai n t he char act er s SVD i n col umns 1{3. Li nes

2{9 ar e r ead us i ng l i s t - di r ec t ed i nput and s pec i f y t he f ol l owi ng val ues :
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l i ne 2: The number of val ues of Mand N

l i ne 3: The val ues of M, t he mat r i x r owdi mens i on

l i ne 4: The val ues of N, t he mat r i x col umn di mens i on

l i ne 5: The number of val ues of t he par amet er s NB and NRHS

l i ne 6: The val ues of NB, t he bl ocks i ze

l i ne 7: The val ues of NRHS, t he number of r i ght hand s i des

l i ne 8: The t hr es hol d val ue f or t he t es t r at i os

l i ne 9: An i nt eger code t o i nt er pr et t he r andomnumber s eed.

=0: Set t he s eed t o a def aul t val ue bef or e each r un

=1: I ni t i al i ze t he s eed t o a def aul t val ue onl y bef or e t he �r s t r un

=2: Li ke 1, but us e t he s eed val ues on t he next l i ne

l i ne 10: I f l i ne 9 was 2, f our i nt eger val ues f or t he r andomnumber s eed

The r emai ni ng l i nes ar e us ed t o s pec i f y t he mat r i x t ypes f or one or mor e s et s of t es t s , as i n

t he nons ymmet r i c cas e . The val i d 3- char act er codes ar e SVD or SBD (CBD i n compl ex, DBD

i n doubl e pr ec i s i on, and ZBD i n compl ex*16) .

The number and s i ze of t he i nput val ues ar e l i mi t ed by cer t ai n pr ogr ammaxi mums

whi ch ar e de�ned i n PARAMETERs t at ement s i n t he mai n t es t pr ogr am:

Par amet er Des cr i pt i on Val ue

NMAX Maxi mumval ue f or M, N, NB, and NRHS 132

MAXI N Maxi mumnumber of val ues of t he par amet er s 20

For t he s i ngul ar val ue decompos i t i on i nput �l e , MAXI N i s bot h t he maxi mumnumber of

pai r s (M, N) and t he maxi mumnumber of pai r s (NB, NRHS) . The mai n t es t pr ocedur e

f or t he REAL ei genval ue r out i nes i s i n LAPACK/TESTING/EIG/sc kee.f i n t he Uni x ver s i on

and i s t he �r s t pr ogr amuni t i n SEIGTSTF i n t he non- Uni x ver s i on.

o r e A o u t Ti mi n

Ther e ar e two di s t i nct t i mi ng pr ogr ams f or LAPACKrout i nes i n each dat a t ype, one f or

t he l i near equat i ons r out i nes and one f or t he e i gens ys t emr out i nes . Res ul t s f r omthe l i near

equat i on t i mi ng pr ogr amar e gi ven i n mega
ops , and t he oper at i on count s ar e gener al l y

comput ed as s ome f unct i on of t he pr obl em s i ze . Res ul t s f r om the e i gens ys t em t i mi ng

pr ogr amar e gi ven i n execut i on t i mes , oper at i on count s , and mega
ops , wher e t he oper at i on

count s ar e cal cul at ed dur i ng execut i on us i ng s pec i al ver s i ons of t he LAPACKrout i nes whi ch

have been i ns t r ument ed t o count oper at i ons . Each pr ogr amhas i t s own s t yl e of i nput ,

and t he e i gens ys t em t i mi ng pr ogr am accept s t hr ee di �er ent s et s of par amet er s , f or t he

nons ymmet r i c e i genval ue pr obl em, t he s ymmet r i c e i genval ue pr obl em, and t he s i ngul ar

val ue decompos i t i on. The f ol l owi ng s ect i ons des cr i be t he di �er ent i nput f ormat s and t i mi ng

par amet er s .
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. i i n the Li near uati on outi nes

The t i mi ng pr ogr amf or t he l i near equat i on r out i nes i s dr i ven by a dat a �l e f r omwhi ch

t he f ol l owi ng par amet er s may be var i ed:

� M, the mat r i x r owdi mens i on

� N, t he mat r i x col umn di mens i on

� K, t he bandwi dt h f or t he banded r out i nes , or t he t hi r d s i ze par amet er f or t he Level 3

BLAS

� NB, t he bl ocks i ze f or t he bl ocked r out i nes

� LDA, t he l eadi ng di mens i on of t he dens e and banded mat r i ces .

For banded mat r i ces , t he val ues of Mar e us ed f or t he mat r i x r owand col umn di mens i ons ,

and f or s ymmet r i c or Hermi t i an mat r i ces t hat ar e not banded, t he val ues of Nar e us ed f or

t he mat r i x di mens i on.

The number and s i ze of t he i nput val ues ar e l i mi t ed by cer t ai n pr ogr ammaxi mums

whi ch ar e de�ned i n PARAMETERs t at ement s i n t he mai n t i mi ng pr ogr am:

Par amet er Des cr i pt i on Val ue

NMAX Maxi mumval ue of M, N, K, and NB f or dens e mat r i ces 512

LDAMAX Maxi mumval ue of LDA 532

NMAXB Maxi mumval ue of Mf or banded mat r i ces 5000

MAXI N Maxi mumnumber of val ues of M, N, K, or NB 12

MXNLDA Maxi mumnumber of val ues of LDA 4

The par amet er LDAMAX shoul d be at l eas t NMAX. For t he xGB path, we mus t have

( 4 +1) 2(NMAX ) (LDAMAX ) , whi ch r es t r i ct s t he val ue of K. The above l i m-

i t s al l ow K to be as bi g as 200 f or M= 1000. For t he xPB pat h, t he condi t i on i s

( 2 +1) 3(NMAX ) (LDAMAX ) . The mai n t i mi ng pr ogr am f or t he REAL l i near

equat i on r out i nes i s f ound i n LAPACK/TIMING/LIN/stimaa.f i n t he Uni x ver s i on and i s t he

�r s t pr ogr amuni t i n SLINTIMF i n t he non- Uni x ver s i on.

The i nput �l e al s o s pec i �es a s et of LAPACKrout i ne names or LAPACKpath names

t o be t i med. The pat h names ar e s i mi l ar t o t hos e us ed f or t he t es t pr ogr am, and i nc l ude

t he f ol l owi ng s t andar d pat hs :

S, C, D, Z GE Gener al mat r i ces ( LU f act or i zat i on)

S, C, D, Z GB Gener al banded mat r i ces

S, C, D, Z PO Pos i t i ve de�ni t e mat r i ces (Chol es ky f act or i zat i on)

S, C, D, Z PP Pos i t i ve de�ni t e packed

S, C, D, Z PB Pos i t i ve de�ni t e banded

S, C, D, Z SY Symmet r i c i nde�ni t e mat r i ces (Bunch- Kauf man f act or i zat i on)

S, C, D, Z SP Symmet r i c i nde�ni t e packed

C, Z HE Hermi t i an i nde�ni t e mat r i ces (Bunch- Kauf man f act or i zat i on)

C, Z HP Hermi t i an i nde�ni t e packed
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S, C, D, Z QR QRdecompos i t i on

S, C, D, Z TR Tr i angul ar mat r i ces

S, C, D, Z TP Tr i angul ar packed mat r i ces

For t i mi ng t he Level 2 and 3 BLAS, two ext r a pat hs ar e pr ovi ded:

S, C, D, Z B2 Level 2 BLAS

S, C, D, Z B3 Level 3 BLAS

I n addi t i on, t hi s r e l eas e cont ai ns s ome exper i ment al r out i nes whi ch can be acces s ed

us i ng t he f ol l owi ng t empor ar y pat h names :

S, D LU Var i ant s of t he LUdecompos i t i on

S, D CH Var i ant s of t he Chol es ky decompos i t i on

S, C, D, Z HR Reduct i on t o Hes s enber g f orm

S, C, D, Z TD Reduct i on t o r eal t r i di agonal f orm

The xLUpat h r eques t s t i mi ng of t hr ee bl ock var i ant s of t he LUf act or i zat i on ( l e f t - l ooki ng,

Cr out , and r i ght - l ooki ng) f or � mat r i ces , as wel l as t he cor r es pondi ng unbl ocked var i -

ant s on mat r i ces of s i ze � B. Ti mi ngs f or t he Li npack r out i ne xGEFAar e i nc l uded f or

compar i s on. The xCHt i mi ng pat h r eques t s t i mi ng of t hr ee bl ock var i ant s of t he Chol es ky

f act or i zat i on and t he cor r es pondi ng Li npack r out i ne xPOFA. Ti mi ng of t he bl ocked and

unbl ocked r educt i ons t o Hes s enber g and t r i di agonal f ormar e r eques t ed by t he pat hs xHR

and xTD, and t i mes f or t he Ei s pack r out i nes ORTHES and TRED1 ar e i nc l uded f or com-

par i s i on.

The t i mi ng pr ogr ams have t he i r own mat r i x gener at or t hat s uppl i es comput ed, r at her

t han r andom, mat r i ces f or t i mi ng. Comput ed mat r i ces ar e us ed becaus e t hey can be gen-

er at ed mor e qui ckl y t han r andommat r i ces , and t he cal l t o t he mat r i x gener at or i s i ns i de

t he t i mi ng l oop. The us er s pec i �es a mi ni mumt i me f or whi ch each r out i ne s houl d r un

and t he comput at i on i s r epeat ed i f neces s ar y unt i l t hi s t i me i s us ed. I n or der t o pr event

i n
at ed per f ormance due t o a mat r i x r emai ni ng i n t he cache f r omone i t er at i on t o t he next ,

we r egener at e t he mat r i x bef or e each cal l t o t he LAPACKrout i ne i n t he t i mi ng l oop. The

t i me f or gener at i ng t he mat r i x at each i t er at i on i s s ubt r act ed f r omthe t ot al t i me.

An annot at ed exampl e of an i nput �l e f or t i mi ng t he REAL l i near equat i on r out i nes

t hat oper at e on dens e mat r i ces i s s hown bel ow.

Data file for timing REAL LAPACK linear e uation routines

5 Number of values of M

100 200 300 400 500 Values of M (row dimension)

5 Number of values of N

100 200 300 400 500 Values of N (column dimension)

5 Number of values of K

25 50 100 150 200 Values of K (bandwidt )

5 Number of values of NB

1 1 32 4 4 Values of NB (blocksize)

2 Number of values of LDA
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512 513 Values of LDA (leading dimension)

0.0 Minimum time in seconds

SGE T T T T Put T to time: -TRF -TRI -TRS -CON

SPO T T T T -TRF -TRI -TRS -CON

SPP T T T T -TRF -TRI -TRS -CON

SS T T T T -TRF -TRI -TRS -CON

SSP T T T T -TRF -TRI -TRS -CON

SQR T T -GEQRF -GEQRS

STR T -TRI

STP T -TRI

SLU

SCH

SHR

STD

The �r s t 12 l i nes of t he i nput �l e ar e r ead us i ng l i s t - di r ect ed i nput and ar e us ed t o s pec i f y

t he val ues of M, N, K, NB, LDA, and TIMMIN( t he mi ni mumt i me) . By def aul t , xGEMV

and xGEMMar e cal l ed t o s ampl e t he BLAS per f ormance on s quar e mat r i ces of or der N,

but t hi s opt i on can be cont r ol l ed by ent er i ng one of t he f ol l owi ng on l i ne 13:

BAND Ti me xGBMV( i ns t ead of xGEMV) us i ng mat r i ces of or der Mand

bandwi dt h K, and t i me xGEMMus i ng mat r i ces of or der K.

NONE Do not do t he s ampl e t i mi ng of xGEMVand xGEMM.

The t i mi ng pat hs or r out i ne names whi ch f ol l owmay be s pec i �ed i n any or der .

When t i mi ng t he banded r out i nes i t i s mor e i nt er es t i ng t o us e one l ar ge val ue of t he

mat r i x s i ze and var y t he bandwi dt h. An annot at ed exampl e of an i nput �l e f or t i mi ng t he

REAL l i near equat i on r out i nes t hat oper at e on banded mat r i ces i s s hown bel ow.

Data file for timing REAL LAPACK banded routines

1 Number of values of M

1000 Values of M (row dimension)

0 Number of values of N

1000 Values of N (column dimension)

5 Number of values of K

25 50 100 150 200 Values of K (bandwidt )

5 Number of values of NB

1 1 32 4 4 Values of NB (blocksize)

1 Number of values of LDA

01 Values of LDA (leading dimension)

0.0 Minimum time in seconds

BAND Time sample banded BLAS

SGB T T T Put T to time: -TRF -TRS -CON

SPB T T T -TRF -TRS -CON

Her e Mspec i �es t he mat r i x s i ze and Kspec i �es t he bandwi dt h f or t he t es t pat hs SGBand

SPB. Not e t hat we r eques t t i mi ng of t he s ampl e BLAS f or banded mat r i ces by s pec i f yi ng

\BAND" on l i ne 13.
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. 2 i i n the Level 2 an 3 BLAS

Thr ee i nput �l es ar e pr ovi ded f or t i mi ng t he BLAS wi t h t he mat r i x s hapes encount er ed

i n t he LAPACKrout i nes . I n each of t hes e �l es , one of t he par amet er s M, N, and Kf or t he

Level 3 BLAS i s on t he or der of t he bl ocks i ze whi l e t he ot her two ar e on t he or der of t he

mat r i x s i ze . The �r s t of t hes e i nput �l es al s o t i mes t he Level 2 BLAS, and we i nc l ude t he

s i ngl e pr ec i s i on r eal ver s i on of t hi s dat a �l e her e f or r e f er ence:

Data file 1 for timing t e REAL BLAS routines

5 Number of values of M

100 200 300 400 500 Values of M

5 Number of values of N

100 200 300 400 500 Values of N

5 Number of values of K

2 1 32 4 4 Values of K

1 Number of values of INCX

1 Values of INCX

2 Number of values of LDA

512 513 Values of LDA

0.0 Minimum time in seconds

none Do not time t e sample BLAS

SB2

SB3

Si nce t he For t r an BLAS do not cont ai n any s ub- bl ocki ng, t he bl ock s i ze NB i s not r equi r ed

and i t s val ue i s r epl aced by t hat of I NCX, t he i ncr ement between s ucces s i ve e l ement s of

a vect or i n t he Level 2 BLAS. Not e t hat we have s pec i �ed \none" on l i ne 13 t o s uppr es s

t i mi ng of t he s ampl e BLAS, whi ch ar e r edundant i n t hi s cas e .

. 3 i i n the ons etri c i enpro l e

As epar at e i nput �l e dr i ves t he t i mi ng codes f or t he nons ymmet r i c e i genpr obl em. The

i nput �l e s pec i �es

� N, t he mat r i x s i ze

� f our - t upl es of par amet er val ues (NB, NS, MAXB, LDA) s pec i f yi ng t he bl ock s i ze NB,

t he number of s hi f t s NS, t he mat r i x s i ze MAXB l es s t han whi ch an unbl ocked r out i ne

i s us ed, and t he l eadi ng di mens i on LDA

� t he t es t mat r i x t ypes

� t he r out i nes or s equences of r out i nes f r omLAPACKor EI SPACKto be t i med

The par amet er s NS and MAXB appl y onl y t o t he QR i t er at i on r out i ne xHSEQR, and NB

i s us ed onl y by t he bl ock al gor i t hms . Agoal of t hi s t i mi ng code i s t o det ermi ne t he val ues

of NB, NS and MAXBwhi ch maxi mi ze t he s peed of t he codes .

The number and s i ze of t he i nput val ues ar e l i mi t ed by cer t ai n pr ogr ammaxi mums

whi ch ar e de�ned i n PARAMETERs t at ement s i n t he mai n t i mi ng pr ogr am:
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. .

For each LAPACKt es t pat h s pec i �ed i n t he i nput �l e , t he t es t pr ogr amgener at es t es t

mat r i ces , cal l s t he LAPACKrout i nes i n t hat pat h, and comput es a number of t es t r at i os

t o ver i f y t hat each oper at i on has per f ormed cor r ect l y. The t es t mat r i ces us ed i n each t es t

pat h ar e s hown i n Tabl e 1. I n t hi s cont ext , " i s t he machi ne eps i l on, i.e., t he smal l es t

pos i t i ve 
oat i ng- poi nt number s uch t hat 1: 0 +" 6 =1: 0, and i s t he condi t i on number of

t he mat r i x A.

Tes t mat r i x t ype GE, QR GB PO, PP PB SY, SP HE, HP

Di agonal 1 1 1 1 1 1

Upper t r i angul ar 2 2

Lower t r i angul ar 3 3

Banded: k <m=2; k <n=2 4 2

Banded: k <m=2; k n=2 5

Banded: k m=2; k <n=2 6

Banded: k m=2; k n=2 7 3

Random, =2 4 8 2 4 2 2

Random, = 0: 1=" 5 9 3 5 3 3

Random, =0: 1=" 6 10 4 6 4 4

Scal ed near under 
ow 7 11 5 7 5 5

Scal ed near over 
ow 8 12 6 8 6 6

Bl ock di agonal 7

{ compl ex t es t pat hs onl y

Tabl e 1: Tes t mat r i ces f or t he l i near equat i on t es t pat hs

. .

For t he LAPACKpaths t hat oper at e on s ys t ems of l i near equat i ons , each t es t mat r i x i s

s ubj ect ed t o t he f ol l owi ng t es t s :

� Fact or t he mat r i x us i ng xxxTRF, and comput e t he r at i o

U� A =(n A ")

� I nver t t he mat r i x Aus i ng xxxTRI , and comput e t he r at i o

�AA �1 =(n A A�1 ")

For banded mat r i ces , i nver s i on r out i nes ar e not avai l abl e becaus e t he i nver s e woul d

be dens e.

� Sol ve t he s ys t emA = us i ng xxxTRS, and comput e t he r at i os

�A =( A ") and � =( ")

wher e i s t he exact s ol ut i on and i s t he condi t i on number of A.
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Par amet er Des cr i pt i on Val ue

MAXN Maxi mumval ue f or N, NB, NS, or MAXB 400

LDAMAX Maxi mumval ue f or LDA 420

MAXI N Maxi mumnumber of val ues of N 12

MAXPRM Maxi mumnumber of par amet er s et s 10

(NB, NS, MAXB, LDA)

The mai n t i mi ng pr ogr amf or t he REAL rout i nes i s f ound i n LAPACK/TIMING/EIG/stimee.f

i n t he Uni x ver s i on and i s t he �r s t pr ogr amuni t i n SEIGTIMF i n t he non- Uni x ver s i on.

The comput at i ons t hat may be t i med f or t he REAL ver s i on ar e

1. SGEHRD(LAPACKr educt i on t o upper Hes s enber g f orm)

2. SHSEQR(E) (LAPACKcomput at i on of e i genval ues onl y of a Hes s enber g mat r i x)

3. SHSEQR(S) (LAPACKcomput at i on of t he Schur f ormof a Hes s enber g mat r i x)

4. SHSEQR( I ) ( LAPACKcomput at i on of t he Schur f ormand Schur vect or s of a Hes -

s enber g mat r i x)

5. STREVC(L) (LAPACKcomput at i on of t he t he l e f t e i genvect or s of a mat r i x i n Schur

f orm)

6. STREVC(R) (LAPACKcomput at i on of t he t he r i ght e i genvect or s of a mat r i x i n Schur

f orm)

7. SHSEI N(L) (LAPACKcomput at i on of t he t he l e f t e i genvect or s of an upper Hes s en-

ber g mat r i x us i ng i nver s e i t er at i on)

8. SHSEI N(R) (LAPACKcomput at i on of t he t he r i ght e i genvect or s of an upper Hes s en-

ber g mat r i x us i ng i nver s e i t er at i on)

9. ORTHES (EI SPACK r educt i on t o upper Hes s enber g f orm, t o be compar ed t o

SGEHRD)

10. HQR(EI SPACKcomput at i on of e i genval ues onl y of a Hes s enber g mat r i x, t o be com-

par ed t o SHSEQR(E) )

11. HQR2 (EI SPACKcomput at i on of e i genval ues and ei genvect or s of a Hes s enber g ma-

t r i x, t o be compar ed t o SHSEQR( I ) pl us STREVC(R) )

12. I NVI T (EI SPACKcomput at i on of t he r i ght e i genvect or s of an upper Hes s enber g ma-

t r i x us i ng i nver s e i t er at i on, t o be compar ed t o SHSEI N) .

Ei ght di �er ent mat r i x t ypes ar e pr ovi ded f or t i mi ng t he nons ymmet r i c e i genval ue r ou-

t i nes . Avar i et y of mat r i x t ypes i s al l owed becaus e t he number of i t er at i ons t o comput e t he

e i genval ues , and hence t he t i mi ng, can depend on t he t ype of mat r i x whos e e i gendecompo-

s i t i on i s des i r ed. The mat r i ces us ed f or t i mi ng ar e of t he f orm�1 wher e i s e i t her

or t hogonal ( f or t ypes 1{4) or r andomwi t h condi t i on number 1=" ( f or t ypes 5{8) , wher e "

i s t he machi ne r oundo� er r or . The mat r i x i s upper t r i angul ar wi t h r andom (1) ent r i es

i n t he s t r i ct upper t r i angl e and has on i t s di agonal
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� evenl y s paced ent r i es f r om1 down t o " wi t h r andoms i gns (mat r i x t ypes 1 and 5)

� geomet r i cal l y s paced ent r i es f r om1 down t o " wi t h r andoms i gns (mat r i x t ypes 2 and

6)

� \cl us t er ed" ent r i es 1; "; . . .; " wi t h r andoms i gns (mat r i x t ypes 3 and 7) , or

� r eal or compl ex conj ugat e pai r ed e i genval ues r andoml y chos en f r omthe i nt er val ( "; 1)

(mat r i x t ypes 4 or 8) .

An annot at ed exampl e of an i nput �l e f or t i mi ng t he REAL nons ymmet r i c e i genpr obl em

r out i nes i s s hown bel ow.

NEP: Data file for timing Nons mmetric Eigenvalue Problem routines

4 Number of values of N

100 200 300 400 Values of N (dimension)

7 Number of values of parameters

1 1 1 12 10 Values of NB (blocksize)

12 1 12 1 1 Values of NS (number of s ifts)

20 50 100 50 100 200 300 Values of MAXB (max. blocksize)

401 401 401 401 401 401 401 Values of LDA (leading dimension)

0.0 Minimum time in seconds

4 Number of matrix t pes

1 3 4

SHS T T T T T T T T T T T T

The �r s t l i ne of t he i nput �l e mus t cont ai n t he char act er s NEP i n col umns 1- 3. Li nes

2- 10 ar e r ead us i ng l i s t - di r ect ed i nput and s pec i f y t he f ol l owi ng val ues :

l i ne 2: The number of val ues of N

l i ne 3: The val ues of N, t he mat r i x di mens i on

l i ne 4: The number of val ues of t he par amet er s NB, NS, MAXB, and LDA

l i ne 5: The val ues of NB, t he bl ocks i ze

l i ne 6: The val ues of NS, t he number of s hi f t s

l i ne 7: The val ues of MAXB, t he maxi mumbl ocks i ze

l i ne 8: The val ues of LDA, t he l eadi ng di mens i on

l i ne 9: The mi ni mumt i me i n s econds t hat a r out i ne wi l l be t i med

l i ne 10: NTYPES, t he number of mat r i x t ypes t o be us ed

I f 0 < NTYPES < 8, t hen l i ne 11 s pec i �es NTYPES i nt eger val ues whi ch ar e t he

number s of t he mat r i x t ypes t o be us ed. The r emai ni ng l i nes s pec i f y a pat h name and

t he s pec i �c comput at i ons t o be t i med. For t he nons ymmet r i c e i genval ue pr obl em, t he pat h

names f or t he f our dat a t ypes ar e SHS, DHS, CHS, and ZHS. Al i ne t o r eques t al l t he r out i nes

i n t he REAL pat h has t he f orm

SHS T T T T T T T T T T T T
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wher e t he �r s t 3 char act er s s pec i f y t he pat h name, and up t o 12 nonbl ank char act er s may

appear i n col umns 4{80. I f t he kth s uch char act er i s ` T' or ` t ' , t he kth r out i ne wi l l be t i med.

I f at l eas t one but f ewer t han 12 nonbl ank char act er s ar e s pec i �ed, t he r emai ni ng r out i nes

wi l l not be t i med. I f col umns 4{80 ar e bl ank, al l t he r out i nes wi l l be t i med, s o t he i nput

l i ne

SHS

i s equi val ent t o t he l i ne above.

The out put i s i n t he f ormof a t abl e whi ch s hows t he abs ol ut e t i mes i n s econds , 
oat i ng

poi nt oper at i on count s , and mega
op r at es f or each r out i ne over al l r e l evant i nput par ame-

t er s . For t he bl ocked r out i nes , t he t abl e has one l i ne f or each di �er ent val ue of NB, and f or

t he SHSEQR rout i ne, one l i ne f or each di �er ent combi nat i on of NS and MAXBas wel l .

. i i n the S etri c i enpro l e

As epar at e i nput �l e dr i ves t he t i mi ng codes f or t he s ymmet r i c e i genpr obl em. The i nput

�l e s pec i �es

� N, t he mat r i x s i ze

� pai r s of par amet er val ues (NB, LDA) s pec i f yi ng t he bl ock s i ze NB and t he l eadi ng

di mens i on LDA

� t he t es t mat r i x t ypes

� t he r out i nes or s equences of r out i nes f r omLAPACKor EI SPACKto be t i med.

A goal of t hi s t i mi ng code i s t o det ermi ne t he val ues of NB whi ch maxi mi ze t he s peed of

t he bl ock al gor i t hms .

The number and s i ze of t he i nput val ues ar e l i mi t ed by cer t ai n pr ogr ammaxi mums

whi ch ar e de�ned i n PARAMETERs t at ement s i n t he mai n t i mi ng pr ogr am:

Par amet er Des cr i pt i on Val ue

MAXN Maxi mumval ue f or Nor NB 400

LDAMAX Maxi mumval ue f or LDA 420

MAXI N Maxi mumnumber of val ues of N 12

MAXPRM Maxi mumnumber of pai r s of val ues (NB, LDA) 10

The mai n t i mi ng pr ogr amf or t he REAL rout i nes i s f ound i n LAPACK/TIMING/EIG/stimee.f

i n t he Uni x ver s i on and i s t he �r s t pr ogr amuni t i n SEIGTIMF i n t he non- Uni x ver s i on.

The comput at i ons t hat may be t i med depend on whet her t he dat a i s r eal or compl ex.

For t he REAL ver s i on t he pos s i bl e comput at i ons ar e

1. SSYTRD(LAPACKr educt i on t o s ymmet r i c t r i di agonal f orm)

2. SSTEQR(N) (LAPACKcomput at i on of e i genval ues onl y of a s ymmet r i c t r i di agonal

mat r i x)

51



3. SSTEQR(V) (LAPACKcomput at i on of t he e i genval ues and ei genvect or s of a s ym-

met r i c t r i di agonal mat r i x)

4. SSTERF (LAPACKcomput at i on of t he e i genval ues onl y of a s ymmet r i c t r i di agonal

mat r i x us i ng a s quar e- r oot f r ee al gor i t hm)

5. TRED1 (EI SPACK r educt i on t o s ymmet r i c t r i di agonal f orm, t o be compar ed t o

SSYTRD)

6. I MTQL1 (EI SPACKcomput at i on of e i genval ues onl y of a s ymmet r i c t r i di agonal ma-

t r i x, t o be compar ed t o SSTEQR(N) )

7. I MTQL2 (EI SPACKcomput at i on of e i genval ues and ei genvect or s of a s ymmet r i c t r i di -

agonal mat r i x, t o be compar ed t o SSTEQR(V) )

8. TQLRAT (EI SPACK comput at i on of e i genval ues onl y of a s ymmet r i c t r i di agonal

mat r i x, t o be compar ed t o SSTERF) .

For compl ex mat r i ces t he pos s i bl e comput at i ons ar e

1. CHETRD (LAPACK r educt i on of a compl ex Hermi t i an mat r i x t o r eal s ymmet r i c

t r i di agonal f orm)

2. CSTEQR(N) (LAPACKcomput at i on of e i genval ues onl y of a r eal s ymmet r i c t r i di ag-

onal mat r i x)

3. CSTEQR(V) (LAPACK comput at i on of t he e i genval ues and ei genvect or s of a r eal

s ymmet r i c t r i di agonal mat r i x ( accumul at i ng t hemi nt o a compl ex mat r i x) )

4. CUNGEN+CSTEQR (LAPACKcomput at i on of t he e i genval ues and ei genvect or s of

a Hermi t i an mat r i x gi ven t he r educt i on t o r eal s ymmet r i c t r i di agonal f orm)

5. HTRI DI (EI SPACK r educt i on t o s ymmet r i c t r i di agonal f orm, t o be compar ed t o

CHETRD)

6. I MTQL1 (EI SPACKcomput at i on of e i genval ues onl y of a s ymmet r i c t r i di agonal ma-

t r i x, t o be compar ed t o CSTEQR(V) )

7. I MTQL2+HTRI BK(EI SPACKcomput at i on of e i genval ues and ei genvect or s of a com-

pl ex Hermi t i an mat r i x gi ven t he r educt i on t o r eal s ymmet r i c t r i di agonal f orm, t o be

compar ed t o CUNGEN+CSTEQR) .

Four di �er ent mat r i x t ypes ar e pr ovi ded f or t i mi ng t he s ymmet r i c e i genval ue r out i nes .

The mat r i ces us ed f or t i mi ng ar e of t he f orm�1, wher e i s or t hogonal and i s

di agonal wi t h ent r i es

� evenl y s paced ent r i es f r om1 down t o " wi t h r andoms i gns (mat r i x t ype 1) ,

� geomet r i cal l y s paced ent r i es f r om1 down t o " wi t h r andoms i gns (mat r i x t ype 2) ,

� \cl us t er ed" ent r i es 1; "; . . .; " wi t h r andoms i gns (mat r i x t ype 3) , or
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� e i genval ues r andoml y chos en f r omthe i nt er val ( "; 1) (mat r i x t ype 4) .

An annot at ed exampl e of an i nput �l e f or t i mi ng t he REAL symmet r i c e i genpr obl em

r out i nes i s s hown bel ow.

SEP: Data file for timing S mmetric Eigenvalue Problem routines

4 Number of values of N

100 200 300 400 Values of N (dimension)

10 Number of values of parameters

1 1 32 4 4 1 1 32 4 4 Values of NB (blocksize)

400 400 400 400 400 401 401 401 401 401 Values of LDA (leading dim.)

0.0 Minimum time in seconds

4 Number of matrix t pes

SST T T T T T T T T

The �r s t l i ne of t he i nput �l e mus t cont ai n t he char act er s SEP i n col umns 1- 3. Li nes 2- 8

ar e r ead us i ng l i s t - di r ect ed i nput and s pec i f y t he f ol l owi ng val ues :

l i ne 2: The number of val ues of N

l i ne 3: The val ues of N, t he mat r i x di mens i on

l i ne 4: The number of val ues of t he par amet er s NB and LDA

l i ne 5: The val ues of NB, t he bl ocks i ze

l i ne 6: The val ues of LDA, t he l eadi ng di mens i on

l i ne 7: The mi ni mumt i me i n s econds t hat a r out i ne wi l l be t i med

l i ne 8: NTYPES, t he number of mat r i x t ypes t o be us ed

I f 0 <NTYPES <4, t hen l i ne 9 s pec i �es NTYPES i nt eger val ues whi ch ar e t he number s

of t he mat r i x t ypes t o be us ed. The r emai ni ng l i nes s pec i f y a pat h name and t he s pec i �c

comput at i ons t o be t i med. For t he s ymmet r i c e i genval ue pr obl em, t he pat h names f or t he

f our dat a t ypes ar e SST, DST, CST, and ZST. The ( opt i onal ) char act er s af t er t he pat h name

i ndi cat e t he comput at i ons t o be t i med, as i n t he i nput �l e f or t he nons ymmet r i c e i genval ue

pr obl em( s ee Sect i on 7. 3) .

. i i n the Si n ul ar al ue eco posi t i on

A s epar at e i nput �l e dr i ves t he t i mi ng codes f or t he Si ngul ar Val ue Decompos i t i on

( SVD) . The i nput �l e s pec i �es

� pai r s of par amet er val ues (M, N) s pec i f yi ng t he mat r i x r ow di mens i on Mand the

mat r i x col umn di mens i on N

� pai r s of par amet er val ues (NB, LDA) s pec i f yi ng t he bl ock s i ze NB and t he l eadi ng

di mens i on LDA

� t he t es t mat r i x t ypes

� t he r out i nes or s equences of r out i nes f r omLAPACKor LI NPACKto be t i med.
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Agoal of t hi s t i mi ng code i s t o det ermi ne t he val ues of NB whi ch maxi mi ze t he s peed of

t he bl ock al gor i t hms .

The number and s i ze of t he i nput val ues ar e l i mi t ed by cer t ai n pr ogr ammaxi mums

whi ch ar e de�ned i n PARAMETERs t at ement s i n t he mai n t i mi ng pr ogr am:

Par amet er Des cr i pt i on Val ue

MAXN Maxi mumval ue f or M, N, or NB 400

LDAMAX Maxi mumval ue f or LDA 420

MAXI N Maxi mumnumber of pai r s of val ues (M, N) 12

MAXPRM Maxi mumnumber of pai r s of val ues (NB, LDA) 10

The mai n t i mi ng pr ogr amf or t he REAL rout i nes i s f ound i n LAPACK/TIMING/EIG/stimee.f

i n t he Uni x ver s i on and i s t he �r s t pr ogr amuni t i n SEIGTIMF i n t he non- Uni x ver s i on.

The comput at i ons t hat may be t i med f or t he REAL ver s i on ar e

1. SGEBRD(LAPACKr educt i on t o bi di agonal f orm)

2. SBDSQR (LAPACKcomput at i on of s i ngul ar val ues onl y of a bi di agonal mat r i x)

3. SBDSQR(L) (LAPACKcomput at i on of t he s i ngul ar val ues and l e f t s i ngul ar vect or s

of a bi di agonal mat r i x)

4. SBDSQR(R) (LAPACKcomput at i on of t he s i ngul ar val ues and r i ght s i ngul ar vect or s

of a bi di agonal mat r i x)

5. SBDSQR(B) (LAPACKcomput at i on of t he s i ngul ar val ues and r i ght and l e f t s i ngul ar

vect or s of a bi di agonal mat r i x)

6. SBDSQR(V) (LAPACKcomput at i on of t he s i ngul ar val ues and mul t i pl y s quar e ma-

t r i x of di mens i on mi n(M, N) by t r ans pos e of l e f t s i ngul ar vect or s )

7. LAPSVD (LAPACK s i ngul ar val ues onl y of a dens e mat r i x, us i ng SGEBRD and

SBDSQR)

8. LAPSVD( l ) ( LAPACKs i ngul ar val ues and mi n(M, N) l e f t s i ngul ar vect or s of a dens e

mat r i x, us i ng SGEBRD, SORGENand SBDSQR(L) )

9. LAPSVD(L) (LAPACKs i ngul ar val ues and Ml ef t s i ngul ar vect or s of a dens e mat r i x,

us i ng SGEBRD, SORGENand SBDSQR(L) )

10. LAPSVD(R) (LAPACKs i ngul ar val ues and Nr i ght s i ngul ar vect or s of a dens e mat r i x,

us i ng SGEBRD, SORGENand SBDSQR(R) )

11. LAPSVD(B) (LAPACKs i ngul ar val ues , mi n(M, N) l e f t s i ngul ar vect or s , and Nr i ght

s i ngul ar vect or s of a dens e mat r i x, us i ng SGEBRD, SORGENand SBDSQR(B) )

12. LI NSVD (LI NPACK s i ngul ar val ues onl y of a dens e mat r i x us i ng SSVDC, t o be

compar ed t o LAPSVD)

13. LI NSVD( l ) ( LI NPACKs i ngul ar val ues and mi n(M, N) l e f t s i ngul ar vect or s of a dens e

mat r i x us i ng SSVDC, t o be compar ed t o LAPSVD( l ) )
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14. LI NSVD(L) (LI NPACKs i ngul ar val ues and Ml ef t s i ngul ar vect or s of a dens e mat r i x

us i ng SSVDC, t o be compar ed t o LAPSVD(L) )

15. LI NSVD(R) (LI NPACKs i ngul ar val ues and Nr i ght s i ngul ar vect or s of a dens e mat r i x

us i ng SSVDC, t o be compar ed t o LAPSVD(R) )

16. LI NSVD(B) (LI NPACKs i ngul ar val ues , mi n(M, N) l e f t s i ngul ar vect or s and N r i ght

s i ngul ar vect or s of a dens e mat r i x us i ng SSVDC, t o be compar ed t o LAPSVD(B) ) .

Fi ve di �er ent mat r i x t ypes ar e pr ovi ded f or t i mi ng t he s i ngul ar val ue decompos i t i on

r out i nes . Mat r i x t ypes 1{3 ar e of t he f ormU V , wher e U and V ar e or t hogonal or uni t ar y,

and i s di agonal wi t h ent r i es

� evenl y s paced ent r i es f r om1 down t o " wi t h r andoms i gns (mat r i x t ype 1) ,

� geomet r i cal l y s paced ent r i es f r om1 down t o " wi t h r andoms i gns (mat r i x t ype 2) , or

� \cl us t er ed" ent r i es 1; "; . . .; " wi t h r andoms i gns (mat r i x t ype 3) .

Mat r i x t ype 4 has i n each ent r y a r andomnumber dr awn f r om[ �1; 1] . Mat r i x t ype 5 i s

a near l y bi di agonal mat r i x, wher e t he upper bi di agonal ent r i es ar e exp(�2r l og") and t he

nonbi di agonal ent r i es ar e r", wher e r i s a uni f orm r andomnumber dr awn f r om [ 0; 1] ( a

di �er ent r f or each ent r y) .

An annot at ed exampl e of an i nput �l e f or t i mi ng t he REAL s i ngul ar val ue decompos i t i on

r out i nes i s s hown bel ow.

SVD: Data file for timing Singular Value Decomposition routines

7 Number of values of M and N

100 100 200 200 200 400 400 Values of M (row dimension)

100 100 200 200 200 400 400 Values of N (column dimension)

1 Number of values of parameters

1 Values of NB (blocksize)

401 Values of LDA (leading dimension)

0.0 Minimum time in seconds

5 Number of matrix t pes

SBD T T T T T T T T T T T T T T T T

The �r s t l i ne of t he i nput �l e mus t cont ai n t he char act er s SVD i n col umns 1- 3. Li nes 2- 9

ar e r ead us i ng l i s t - di r ect ed i nput and s pec i f y t he f ol l owi ng val ues :

l i ne 2: The number of val ues of Mand N

l i ne 3: The val ues of M, t he mat r i x r owdi mens i on

l i ne 3: The val ues of N, t he mat r i x col umn di mens i on

l i ne 4: The number of val ues of t he par amet er s NB and LDA

l i ne 5: The val ues of NB, t he bl ocks i ze

l i ne 6: The val ues of LDA, t he l eadi ng di mens i on

l i ne 7: The mi ni mumt i me i n s econds t hat a r out i ne wi l l be t i med

l i ne 8: NTYPES, t he number of mat r i x t ypes t o be us ed
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I f 0 < NTYPES <5, t hen l i ne 9 s pec i �es NTYPES i nt eger val ues whi ch ar e t he number s

of t he mat r i x t ypes t o be us ed. The r emai ni ng l i nes s pec i f y a pat h name and t he s pec i �c

comput at i ons t o be t i med. For t he s ymmet r i c e i genval ue pr obl em, t he pat h names f or t he

f our dat a t ypes ar e SST, DST, CST, and ZST. The ( opt i onal ) char act er s af t er t he pat h name

i ndi cat e t he comput at i ons t o be t i med, as i n t he i nput �l e f or t he nons ymmet r i c e i genval ue

pr obl em( s ee Sect i on 7. 3) .

Ac n o l e d me n t s

Ji mDemmel and Al an McKenney of t he Cour ant I ns t i t ut e of Mathemat i cal Sc i ences , New

Yor k Uni ver s i t y, al s o cont r i but ed t o t hi s r epor t .
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Ap p e n d i x A: LAPAC Ro u t i n e s

I n t hi s appendi x, we r evi ewthe s ubr out i ne nami ng s cheme f or LAPACKas des cr i bed i n [ 2]

and i ndi cat e by means of a t abl e whi ch s ubr out i nes ar e i nc l uded i n t hi s r e l eas e .

Each s ubr out i ne name i n LAPACKi s a coded s pec i �cat i on of t he comput at i on done by

t he s ubr out i ne. Al l names cons i s t of s i x char act er s i n t he f ormTXXYYY. The �r s t l et t er ,

T, i ndi cat es t he mat r i x dat a t ype as f ol l ows :

S REAL

D DOUBLE PRECI SI ON

C COMPLEX

Z COMPLEX*16 ( i f avai l abl e)

The next two l et t er s , XX, i ndi cat e t he t ype of mat r i x. I n t hi s r e l eas e , we i nc l ude

s ubr out i nes cover i ng onl y a s ubs et of t he t ot al col l ect i on of mat r i x t ypes t o be pr ovi ded i n

LAPACK. Mos t of t hes e two- l et t er codes appl y t o bot h r eal and compl ex r out i nes ; a f ew

appl y s pec i �cal l y t o one or t he ot her , as i ndi cat ed bel ow:

GE gener al ( i . e . , uns ymmet r i c , i n s ome cas es r ect angul ar )

GB gener al band

PO symmet r i c or Hermi t i an pos i t i ve de�ni t e

PP symmet r i c or Hermi t i an pos i t i ve de�ni t e , packed s t or age

PB symmet r i c or Hermi t i an pos i t i ve de�ni t e band

SY symmet r i c ( i . e . , i nde�ni t e)

SP s ymmet r i c , packed s t or age

HE ( compl ex) Hermi t i an ( i . e . , i nde�ni t e)

HP ( compl ex) Hermi t i an, packed s t or age

OR ( r eal ) or t hogonal

UN ( compl ex) uni t ar y

TR t r i angul ar

TP t r i angul ar , packed s t or age

HS Hes s enber g

ST symmet r i c t r i di agonal

BD bi di agonal

The l as t t hr ee char act er s , YYY, i ndi cat e t he comput at i on done by a par t i cul ar s ubr ou-

t i ne . I nc l uded i n t hi s r e l eas e ar e s ubr out i nes t o per f ormthe f ol l owi ng comput at i ons :

TRF per f orma t r i angul ar f act or i zat i on (LU, Chol es ky, et c . )

TF2 unbl ocked t r i angul ar f act or i zat i on, i f TRF i s bl ocked

TRS s ol ve s ys t ems of l i near equat i ons ( bas ed on t r i angul ar f act or i zat i on)

TRI comput e i nver s e ( bas ed on t r i angul ar f act or i zat i on)

TI 2 unbl ocked comput at i on of i nver s e , i f TRI i s bl ocked

CON es t i mat e condi t i on number

RFS r e�ne i ni t i al s ol ut i on r et ur ned by TRS r out i nes

QRF per f ormthe QR f act or i zat i on wi t hout pi vot i ng

QR2 unbl ocked ver s i on of QRF
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QRS sol ve l i near l eas t s quar es pr obl ems ( bas ed on QR f act or i zat i on)

LQF per f ormthe LQf act or i zat i on wi t hout pi vot i ng

LQ2 unbl ocked ver s i on of LQF

LQS s ol ve under det ermi ned l i near s ys t ems ( bas ed on LQf act or i zat i on)

GEN gener at e a r eal or t hogonal or compl ex uni t ar y mat r i x

as a pr oduct of Hous ehol der mat r i ces

GN2 unbl ocked ver s i on of GEN

MUL mul t i pl y a mat r i x by a r eal or t hogonal or compl ex uni t ar y mat r i x

by appl yi ng a pr oduct of Hous ehol der mat r i ces

ML2 unbl ocked ver s i on of MUL

HRD r educe a s quar e mat r i x t o upper Hes s enber g f orm

HD2 unbl ocked ver s i on of HRD

TRD r educe a s ymmet r i c mat r i x t o r eal s ymmet r i c t r i di agonal f orm

TD2 unbl ocked ver s i on of TRD

BD2 r educe a r ect angul ar mat r i x t o bi di agonal f orm

EQR comput e e i genval ues and, opt i onal l y, Schur f act or i zat i on or e i genvect or s

us i ng t he QRal gor i t hm

EI N comput e s e l ect ed e i genvect or s by i nver s e i t er at i on

EVC comput e e i genvect or s f r omSchur f act or i zat i on

ERF comput e e i genvect or s us i ng t he Pal - Wal ker - Kahan var i ant of

t he QL or QRal gor i t hm

SQR comput e s i ngul ar val ues and, opt i onal l y, s i ngul ar vect or s

us i ng t he QRal gor i t hm

Gi ven t hes e de�ni t i ons , t he f ol l owi ng t abl e i ndi cat es t he LAPACKsubr out i nes pr ovi ded

i n t hi s r e l eas e f or t he s ol ut i on of s ys t ems of l i near equat i ons :

HE HP UN

GE GB PO PP PB SY SP OR TR TP

TRF � � � � � � �

TF2 � � � � �

TRS � � � � � � �

TRI � � � � � � �

TI 2 �

CON � � � � � � �

RFS � � � � � � �

QRF �

QR2 �

QRS �

LQF �

LQ2 �

LQS �

GEN �

GN2 �

MUL �

ML2 �
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3. C� C =(mC ")

4. C � C =(mC ")

5. C� C =(mC ")

6. C � C =(mC ")

wher e t he �r s t pr oduct i s comput ed us i ng SORMUL and the s econd us i ng t he expl i c i t

mat r i x .

� Comput e t he l eas t - s quar es s ol ut i on t o a s ys t emof equat i ons A = us i ng SGEQRS,

and comput e t he r at i o

7. �A =( A ")

� Comput e t he LQf act or i zat i on us i ng SGELQF, and comput e t he r at i o

8. A� =(n A ")

� Tes t t he or t hogonal i t y of t he comput ed mat r i x by comput i ng t he r at i o

9. � =(n")

� Gener at e a r andommat r i x C and mul t i pl y i t by or us i ng SORMUL wi t h

UPLO= ` U' , and compar e t he r es ul t t o t he pr oduct of C and ( or) us i ng t he

expl i c i t mat r i x gener at ed by SORGEN. The di �er ent opt i ons f or SORMUL ar e

t es t ed by comput i ng t he 4 r at i os

10. C� C =(n C ")

11. C � C =(n C ")

12. C� C =(n C ")

13. C � C =(n C ")

� Comput e t he mi ni mum- normsol ut i on t o a s ys t emof equat i ons A = us i ng SGELQS,

and comput e t he r at i o

14. �A =( A ")

When t he t es t s ar e r un, each t es t r at i o t hat i s gr eat er t han or equal t o t he t hr es hol d

val ue caus es a l i ne of i nf ormat i on t o be pr i nt ed t o t he out put �l e . The �r s t s uch l i ne i s

pr eceded by a header t hat l i s t s t he mat r i x t ypes us ed and t he t es t s per f ormed f or t he cur r ent

pat h. As ampl e l i ne f or a t es t f r omthe SGEpath t hat di d not pas s when t he t hr es hol d was

s et t o 1: 0 i s

M = 4, N = 4, NB = 1, t pe 2, test 13, ratio = 1.14270

To get t hi s i nf ormat i on f or ever y t es t , s et t he t hr es hol d t o zer o. Af t er al l t he uns ucces s f ul

t es t s have been l i s t ed, a s ummary l i ne i s pr i nt ed of t he f orm

SGE: 11 out of 1 0 tests failed to pass t e t res old

I f al l t he t es t s pas s t he t hr es hol d, onl y one l i ne i s pr i nt ed f or each pat h:

All tests for SGE passed t e t res old ( 1 0 tests run)
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The f ol l owi ng t abl e i ndi cat es t he r out i nes pr ovi ded i n t hi s r e l eas e f or �ndi ng e i genval ues

and ei genvect or s or s i ngul ar val ues and s i ngul ar vect or s :

GE HS TR SY SP ST BD

HRD �

HD2 �

TRD � �

TD2 �

BD2 �

EQR � �

EI N �

EVC �

ERF �

SQR �
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Ap p e n d i x B: LAPAC Au x i li a r Ro u t i n e s

Thi s appendi x l i s t s al l of t he auxi l i ar y r out i nes ( except f or t he BLAS) t hat ar e cal l ed

f r omthe LAPACKrout i nes . Thes e r out i nes ar e f ound i n t he di r ect or y LAPACK/SRC i n t he

Uni x ver s i on and i n t he �l es xxLAUXF and xLASRCF i n t he non- Uni x ver s i on. Rout i nes

s pec i �ed wi t h an under s cor e as t he �r s t char act er ar e avai l abl e i n al l f our dat a t ypes ( S, D,

C, and Z) , except t hos e mar ked ( r eal ) , f or whi ch t he �r s t char act er may be `S' or ` D' , and

t hos e mar ked ( compl ex) , f or whi ch t he �r s t char act er may be ` C' or ` Z' .

Spec i al s ubr out i nes :

ENVI R Retur n par amet er s f or us e i n t he al gor i t hms , s uch as

bl ock s i ze and number of s hi f t s

XENVI R Set par amet er s i n ENVI R' s COMMONbl ock

XERBLA Er r or handl er f or LAPACKrout i nes

Spec i al f unct i ons :

LSAME LOGI CAL Retur n . TRUE. i f two char act er s ar e t he s ame

r egar dl es s of cas e

LSAMEN LOGI CAL Retur n . TRUE. i f two char act er s t r i ngs ar e t he

s ame r egar dl es s of cas e

SLAMCH REAL Retur n s i ngl e pr ec i s i on machi ne par amet er s

DLAMCH DOUBLE PRECI SI ON Retur n doubl e pr ec i s i on machi ne par amet er s

R1MACH REAL Retur n s i ngl e pr ec i s i on machi ne par amet er s

D1MACH DOUBLE PRECI SI ON Retur n doubl e pr ec i s i on machi ne par amet er s

Funct i ons f or comput i ng norms :

LANGE Gener al mat r i x

LANGB Gener al band mat r i x

LANSY Symmet r i c mat r i x

LANSP Symmet r i c packed mat r i x

LANSB Symmet r i c band mat r i x

LANHE ( compl ex) Hermi t i an mat r i x

LANHP ( compl ex) Hermi t i an packed mat r i x

LANHB ( compl ex) Hermi t i an band mat r i x

LANTR Trapezoi dal mat r i x

LANTP Tr i angul ar packed mat r i x

LANTB Tr i angul ar band mat r i x

LANHS Upper Hes s enber g mat r i x

Ext ens i ons t o t he Level 1 and 2 BLAS:

SROT ( compl ex) Appl y a r eal pl ane r ot at i on t o a compl ex vect or

SCSUM1 Sumabs ol ut e val ues of a compl ex vect or

I CMAX1 Fi nd t he i ndex of e l ement whos e r eal par t has max. abs . val ue

DZSUM1 Sumabs ol ut e val ues of a compl ex*16 vect or
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I ZMAX1 Fi nd t he i ndex of e l ement whos e r eal par t has max. abs . val ue

SYMV ( compl ex) Symmet r i c mat r i x t i mes vect or

SPMV ( compl ex) Symmet r i c packed mat r i x t i mes vect or

SBMV ( compl ex) Symmet r i c band mat r i x t i mes vect or

SYR ( compl ex) Symmet r i c r ank- 1 updat e

SPR ( compl ex) Symmet r i c r ank- 1 updat e of a packed mat r i x

Other LAPACKauxi l i ar y r out i nes :

LACGV ( compl ex) Conj ugat e a compl ex vect or

LACON Es t i mat e t he normof a mat r i x f or us e i n condi t i on es t i mat i on

LACPY Copy a mat r i x t o anot her mat r i x

LAE2 Comput e e i genval ues of a 2 x 2 r eal s ymmet r i c or compl ex Hermi t i an mat r i x

LAEI N Us e i nver s e i t er at i on t o �nd a s pec i �ed r i ght and/or l e f t e i genvect or of an

upper Hes s enber g mat r i x

LAESY ( compl ex) Comput e e i genval ues and ei genvect or s of a compl ex s ymmet r i c

2 x 2 mat r i x

LAEV2 Comput e e i genval ues and ei genvect or s of a 2 x 2 r eal s ymmet r i c or compl ex

Hermi t i an mat r i x

LAHBR ( compl ex) Fact or a panel of a compl ex Hermi t i an i nde�ni t e mat r i x

LAHQR Fi nd t he Schur f act or i zat i on of a Hes s enber g mat r i x (modi �ed ver s i on of

HQR f r omEI SPACK)

LAHR2 Reduce a panel of a mat r i x t o Hes s enber g f orm

LAHRD Chas e a Kx Kbul ge i n t he r educt i on t o Hes s enber g f orm

LALN2 ( r eal ) Sol ve a 1 x 1 or 2 x 2 l i near s ys t em

LAN2 ( r eal ) Comput e t he e i genval ues of a 2 x 2 nons ymmet r i c mat r i x:

LAPY2 Comput e s quar e r oot of X**2 +Y**2

LAPY3 ( r eal ) Comput e s quar e r oot of X**2 +Y**2 +Z**2

LARAN ( r eal ) Gener at e a r eal r andomnumber i n t he i nt er val ( 0, 1)

LARF Mul t i pl y by a Hous ehol der mat r i x

LARFB Mul t i pl y by a bl ock Hous ehol der mat r i x

LARFG Gener at e a Hous ehol der mat r i x

LARFT Accumul at e t he t r i angul ar f act or of a bl ock Hous ehol der mat r i x

LARND Gener at e a r andomnumber f r omone of s ever al di s t r i but i ons

LARTG Gener at e Gi vens r ot at i ons

LAS2 ( r eal ) Comput e s i ngul ar val ues of a 2 x 2 t r i angul ar mat r i x

LASBR Fact or a panel of a s ymmet r i c i nde�ni t e mat r i x

LASR Appl y a s equence of pl ane r ot at i ons t o a r ect angul ar mat r i x

LASSQ Comput e a s cal ed s umof s quar es of t he e l ement s of a vect or

LASV2 ( r eal ) Comput e s i ngul ar val ues and s i ngul ar vect or s of a 2 x 2 t r i angul ar

mat r i x

LASWP Per f orma s er i es of r owi nt er changes

LASYK Appl y a r ank- Kupdat e t o a s ymmet r i c mat r i x of t he f ormC : =C� A �B

LATRD Reduce a panel of a s ymmet r i c mat r i x t o t r i di agonal f orm

LATRS Sol ve a t r i angul ar s ys t em( i nc l udes s cal i ng)

LAULM Comput e t he pr oduct U*L (bl ocked ver s i on)
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LAUL2 Unbl ocked ver s i on ofLAULM

LAUUM Comput e t he pr oduct U*U' or L' *L ( bl ocked ver s i on)

LAUU2 Unbl ocked ver s i on ofLAUUM

LAVHE ( compl ex) Mul t i pl y a vect or by a mat r i x t hat has been f act or ed byHETRF

LAVHP ( compl ex) Mul t i pl y a vect or by a mat r i x t hat has been f act or ed byHPTRF

LAVSY Mul t i pl y a vect or by a mat r i x t hat has been f act or ed bySYTRF

LAVSP Mul t i pl y a vect or by a mat r i x t hat has been f act or ed bySPTRF

LAXPY Add a mul t i pl e of a mat r i x t o anot her mat r i x

LAZRO I ni t i al i ze a r ect angul ar mat r i x ( us ual l y t o zer o)
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Ap p e n d i x C: Op e r a t i on Co un t s f o r t he BLAS a n d LAP

I n t hi s appendi x we r epr oduce i n t abul ar f orm the f ormul as we have us ed t o comput e

oper at i on count s f or t he BLAS and LAPACKrout i nes . I n s i ngl e pr ec i s i on, t he f unct i ons

SOPBL2, SOPBL3, SOPAUX, and SOPLA r et ur n t he oper at i on count s f or t he Level 2

BLAS, Level 3 BLAS, LAPACKauxi l i ar y r out i nes , and LAPACKrout i nes , r es pect i ve l y.

Al l f our f unct i ons ar e f ound i n t he di r ect or y LAPACK/TIMING/LIN i n t he Uni x ver s i on and

i n SCINTSTF i n t he non- Uni x ver s i on.

I n t he t abl es be l ow, we gi ve oper at i on count s f or t he s i ngl e pr ec i s i on r eal dens e and

banded r out i nes ( t he count s f or t he s ymmet r i c packed r out i nes ar e t he s ame as f or t he dens e

r out i nes ) . Separ at e count s ar e gi ven f or mul t i pl i es ( i nc l udi ng di vi s i ons ) and addi t i ons , and

t he t ot al i s t he s umof t hes e expr es s i ons . For t he compl ex anal ogues of t hes e r out i nes , each

mul t i pl i cat i on woul d count as 6 oper at i ons and each addi t i on as 2 oper at i ons , s o t he t ot al

woul d be di �er ent . For t he doubl e pr ec i s i on r out i nes , we us e t he s ame oper at i on count s as

f or t he s i ngl e pr ec i s i on r eal or compl ex r out i nes .

Operation Counts for the Level 2 BLAS

The f our par amet er s us ed i n count i ng oper at i ons f or t he Level 2 BLAS ar e t he mat r i x

di mens i ons mand n and t he upper and l ower bandwi dt hs ku and kl f or t he band r out i nes

(k i f s ymmet r i c or t r i angul ar ) . An exact count al s o depends s l i ght l y on t he val ues of t he

s cal i ng f act or s � and �, s i nce s ome common spec i al cas es ( s uch as �=1 and � =0) can

be t r eat ed s epar at e l y.

The count f or SGBMVf r omthe Level 2 BLAS i s as f ol l ows :

SGBMV mul t i pl i cat i ons :mn� (m� k l � 1) (m� kl) =2 � (n� ku � 1) (n� ku) =2

addi t i ons : mn� (m� k l � 1) (m� kl) =2 � (n� ku � 1) (n� ku) =2

t ot al 
ops : 2mn� (m� k l � 1) (m� kl) � (n� ku � 1) (n� ku)

pl us mmul t i pl i es i f � 6 =�1 and anot her mmul t i pl i es i f � 6 =�1 or 0. The ot her Level 2

BLAS oper at i on count s ar e s hown i n Tabl e 6.

Operati on Counts f or the Level 3 BLAS

Thr ee par amet er s ar e us ed t o count oper at i ons f or t he Level 3 BLAS: t he mat r i x di -

mens i ons m, n, and k. I n s ome cas es we al s o mus t knowwhet her t he mat r i x i s mul t i pl i ed

on t he l e f t or r i ght . An exact count depends s l i ght l y on t he val ues of t he s cal i ng f act or s �

and �, but i n Tabl e 7 we as s ume t hes e par amet er s ar e al ways �1 or 0, s i nce t hat i s how

they ar e us ed i n t he LAPACKrout i nes .

Operati on Counts f or the LAPAC outi nes

The par amet er s us ed i n count i ng oper at i ons f or t he LAPACKrout i nes ar e t he mat r i x

di mens i ons mand n, t he upper and l ower bandwi dt hs ku and kl f or t he band r out i nes (k i f

s ymmet r i c or t r i angul ar ) , NRHS, t he number of r i ght hand s i des i n t he s ol ut i on phas e, and

q , an i nt eger o�s et f or s t or i ng t he Hous ehol der vect or s i n SORGENand SORMUL.
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Level 2 BLAS mul t i pl i cat i ons addi t i ons t ot al 
ops

SGEMV 1,2 mn mn 2mn

SSYMV 3,4 n2 n2 2n2

SSBMV 3,4 n( 2k+1) � k(k+1) n( 2k+1) � k(k+1) n( 4k+2) � 2k(k+1)

STRMV 3,4,5 n(n+1) =2 (n� 1)n=2 n2

STBMV 3,4,5 n(k+1) � k(k+1) =2 nk� k(k+1) =2 n( 2k+1) � k(k+1)

STRSV 5 n(n+1) =2 (n� 1)n=2 n2

STBSV 5 n(k+1) � k(k+1) =2 nk� k(k+1) =2 n( 2k+1) � k(k+1)

SGER 1 mn mn 2mn

SSYR 3 n(n+1) =2 n(n+1) =2 n(n+1)

SSYR2 3 n(n+1) n2 2n2 +n

1 { Pl us mmul t i pl i es i f � 6=�1

2 { Pl us mmul t i pl i es i f � 6 =�1 or 0

3 { Pl us nmul t i pl i es i f � 6 =�1

4 { Pl us nmul t i pl i es i f � 6 =�1 or 0

5 { Les s n mul t i pl i es i f mat r i x i s uni t t r i angul ar

Tabl e 6: Oper at i on count s f or t he Level 2 BLAS

Level 3 BLAS mul t i pl i cat i onsaddi t i ons t ot al 
ops

SGEMM mkn mkn 2mkn

SSYMM(SI DE=' L' ) m2n m2n 2m2n

SSYMM(SI DE=' R' ) mn 2 mn 2 2mn 2

SSYRK kn(n+1) =2 kn(n+1) =2 kn(n+1)

SSYR2K kn2 kn2 +n 2kn2 +n

STRMM(SI DE=' L' ) nm(m+1) =2 nm(m� 1) =2 nm2

STRMM(SI DE=' R' ) mn(n+1) =2 mn(n� 1) =2 mn 2

STRSM(SI DE=' L' ) nm(m+1) =2 nm(m� 1) =2 nm2

STRSM(SI DE=' R' ) mn(n+1) =2 mn(n� 1) =2 mn 2

Tabl e 7: Oper at i on count s f or t he Level 3 BLAS
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LAPACKrout i nes :

SGETRF mul t i pl i cat i ons :1=2mn 2 � 1=6n3 +1=2mn� 1=2n 2 +2=3n

addi t i ons : 1=2mn 2 � 1=6n3 � 1=2mn+1=6n

t ot al 
ops : mn 2 � 1=3n3 � 1=2n2 +5=6n

SGETRI mul t i pl i cat i ons :2=3n3 +1=2n 2 +5=6n

addi t i ons : 2=3n3 � 3=2n2 +5=6n

t ot al 
ops : 4=3n3 � n2 +5=3n

SGETRS mul t i pl i cat i ons :NRHS [ n 2]

addi t i ons : NRHS [ n 2 � n]

t ot al 
ops : NRHS [ 2n 2 � n]

SGECON mul t i pl i cat i ons :8n2 +6n+10

addi t i ons : 8n2 � 6

t ot al 
ops : 16n2 +6n+4

SPOTRF mul t i pl i cat i ons :1=6n3 +1=2n 2 +1=3n

addi t i ons : 1=6n3 � 1=6n

t ot al 
ops : 1=3n3 +1=2n 2 +1=6n

SPOTRI mul t i pl i cat i ons :1=3n3 +n 2 +2=3n

addi t i ons : 1=3n3 � 1=2n2 +1=6n

t ot al 
ops : 2=3n3 +1=2n 2 +5=6n

SPOTRS mul t i pl i cat i ons :NRHS [ n 2 +n]

addi t i ons : NRHS [ n 2 � n]

t ot al 
ops : NRHS [ 2n 2]

SPOCON mul t i pl i cat i ons :8n2 +14n+10

addi t i ons : 8n2 � 6

t ot al 
ops : 16n2 +14n+4

SPBTRF mul t i pl i cat i ons :n( 1=2k2 +3=2k+1) � 1=3k3 � k2 � 2=3k

addi t i ons : n( 1=2k2 +1=2k) � 1=3k3 � 1=2k2 � 1=6k

t ot al 
ops : n(k2 +2k+1) � 2=3k 3 � 3=2k2 � 5=6k

SPBTRS mul t i pl i cat i ons :NRHS [ 2nk+2n� k 2 � k]

addi t i ons : NRHS [ 2nk� k 2 � k]

t ot al 
ops : NRHS [ 4nk+2n� 2k 2 � 2k]

SPBCON mul t i pl i cat i ons :8nk +11n� 4k 2 � 4k+5

addi t i ons : 8nk +4n� 4k 2 � 4k� 3

t ot al 
ops : 16nk+15n� 8k 2 � 8k+2
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SSYTRF mul t i pl i cat i ons :1=6n3 + 1=2n2 +10=3n

addi t i ons : 1=6n3 � 1=6n

t ot al 
ops : 1=3n3 +1=2n 2 +19=6n

SSYTRI mul t i pl i cat i ons :1=3n3 +2=3n

addi t i ons : 1=3n3 � 1=3n

t ot al 
ops : 2=3n3 +1=3n

SSYTRS mul t i pl i cat i ons :NRHS [ n 2 +n]

addi t i ons : NRHS [ n 2 � n]

t ot al 
ops : NRHS [ 2n 2]

SSYCON mul t i pl i cat i ons :8n2 +6n+10

addi t i ons : 8n2 � 6

t ot al 
ops : 16n2 +6n+4

SGEQRF mul t i pl i cat i ons :mn2 � 1=3n3 +mn+1=2n 2 +23=6n

addi t i ons : mn 2 � 1=3n3 +1=2n 2 +5=6n

t ot al 
ops : 2mn 2 � 2=3n3 +mn+n 2 +14=3n

SGEQRS mul t i pl i cat i ons :NRHS [ 2mn� 1=2n 2 +5=2n]

addi t i ons : NRHS [ 2mn� 1=2n 2 +1=2n]

t ot al 
ops : NRHS [ 4mn� n 2 +3n]

SORMUL (SI DE= 'L' )

mul t i pl i cat i ons :2nmk � 2nqk+2nk� nk 2

addi t i ons : 2nmk� 2nqk+nk� nk 2

t ot al 
ops : 4nmk� 4nqk+3nk� 2nk 2

SORMUL (SI DE=' R' )

mul t i pl i cat i ons :2nmk� 2mqk+mk+1=2k+nk� qk � 1=2k 2 �mk 2

addi t i ons : 2nmk� 2mqk+mk�mk 2

t ot al 
ops : 4nmk� 4mqk+2mk+1=2k+nk � qk� 1=2k 2 � 2mk 2

STRTRI mul t i pl i cat i ons :1=6n3 +1=2n 2 +1=3n

addi t i ons : 1=6n3 � 1=2n2 +1=3n

t ot al 
ops : 1=3n3 +2=3n

SGEHRD mul t i pl i cat i ons :5=3n3 +1=2n 2 � 7=6n� 13

addi t i ons : 5=3n3 � n2 � 2=3n� 8

t ot al 
ops : 10=3n3 � 1=2n2 � 11=6n� 21

SSYTRD mul t i pl i cat i ons :2=3n3 +5=2n 2 � 1=6n� 15

addi t i ons : 2=3n3 +n 2 � 8=3n� 4

t ot al 
ops : 4=3n3 +3n 2 � 17=6n� 19
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The oper at i on count s f or t he LAPACKrout i nes not l i s t ed her e ar e not comput ed by

a f ormul a. I n par t i cul ar , t he oper at i on count s f or t he e i genval ue r out i nes ar e pr obl em-

dependent and ar e comput ed dur i ng execut i on of t he t i mi ng pr ogr am.
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Appendi x D: Caveats

I n t hi s appendi x we l i s t t he machi ne- s pec i �c di �cul t i es we have encount er ed i n our own

exper i ence wi t h LAPACK. We as s ume t he us er has i ns t al l ed t he machi ne- s pec i �c r out i nes

cor r ect l y and t hat t he Level 2 and 3 BLAS t es t pr ogr ams have r un s ucces s f ul l y, s o we do

not l i s t any warni ngs as s oc i at ed wi t h t hos e r out i nes .

I BMcompi l er s do not r ecogni ze DBLE as a gener i c f unct i on as us ed i n LAPACK.

The s of twar e t ool s we us e t o conver t f r om s i ngl e pr ec i s i on t o doubl e pr ec i s i on conver t

REAL(C) and IMAG(C) , wher e C i s COMPLEX, t o DBLE(Z) and DIMAG(Z) , wher e Z

i s COMPLEX*16. I BMcompi l er s us e DREAL(Z) and DIMAG(Z) t o t ake t he r eal and

i magi nar y par t s of a doubl e compl ex number . Some e�or t has been made t o avoi d t hi s

s i t uat i on al t oget her , but i n s ome s ubr out i nes I BMus er s s t i l l may have t o change DBLE to

DREAL manual l y when t he ar gument of DBLE i s COMPLEX*16.

I BMcompi l er s do not permi t t he dat a t ype COMPLEX*16 i n a FUNCTI ON subpr o-

gr amde�ni t i on. The dat a t ype on t he �r s t l i ne of t he f unct i on s ubpr ogr ammus t be changed

f r omCOMPLEX*16 t o DOUBLE COMPLEXf or t he f ol l owi ng f unct i ons :

ZBEG f r omthe Level 2 BLAS t es t pr ogr am

ZBEG f r omthe Level 3 BLAS t es t pr ogr am

ZLARND f r omthe LAPACKl i br ar y

ZLATM2 f r omthe t es t mat r i x gener at or l i br ar y

ZLATM3 f r omthe t es t mat r i x gener at or l i br ar y

The f unct i ons ZDOTCand ZDOTUf r omthe Level 1 BLAS ar e al r eady dec l ar ed DOUBLE

COMPLEX.

We have not i nc l uded t es t pr ogr ams f or t he Level 1 BLAS. Us er s s houl d t her ef or e be-

war e of a common pr obl emi n machi ne- s pec i �c i mpl ement at i ons of xNRM2, t he f unct i on

t o comput e t he 2- normof a vect or . The For t r an ver s i on of xNRM2 avoi ds under 
ow or

over 
ow by s cal i ng i nt ermedi at e r es ul t s , but s ome l i br ar y ver s i ons of xNRM2 ar e not s o

car ef ul about s cal i ng. I f xNRM2 i s i mpl ement ed wi t hout s cal i ng i nt ermedi at e r es ul t s , s ome

of t he LAPACKt es t r at i os may be unus ual l y hi gh, or a 
oat i ng poi nt except i on may occur

i n t he pr obl ems s cal ed near under 
owor over 
ow. The s ol ut i on t o t hes e pr obl ems i s t o l i nk

t he For t r an ver s i on of xNRM2 wi t h t he t es t pr ogr am.

Some of our t es t mat r i ces ar e s cal ed near over 
owor under 
ow, but on t he Cr ays , pr ob-

l ems wi t h t he ar i t hmet i c near over 
owand under 
owf or ced us t o s cal e by onl y t he s quar e

r oot of over 
owand under 
ow. The LAPACKauxi l i ar y r out i ne SLABAD(or DLABAD)

i s cal l ed t o t ake t he s quar e r oot of under 
ow and over 
ow i n cas es wher e i t coul d caus e

di �cul t i es . We as s ume we ar e on a Cr ay i f l og
10
( over 
ow) i s gr eat er t han 2000 and t ake

t he s quar e r oot of under 
owand over 
owi n t hi s cas e . The t es t i n SLABADi s as f ol l ows :

IF( LOG10( LARGE ).GT.2000. ) THEN

SMALL = SQRT( SMALL )

LARGE = SQRT( LARGE )

END IF

Us er s of ot her machi nes wi t h s i mi l ar r es t r i ct i ons on t he e�ect i ve r ange of us abl e number s

may have t o modi f y t hi s t es t s o t hat t he s quar e r oot s ar e done on t hei r machi ne as wel l .
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I n t he Uni x ver s i on, SLABADi s f ound i n LAPACK/SRC and i n t he non- Uni x ver s i on i t i s i n

SCLAUXF.

I n t he e i gens ys t emt i mi ng pr ogr am, cal l s ar e made t o t he LI NPACK and EI SPACK

equi val ent s of t he LAPACKrout i nes t o al l owa di r ect compar i s on of per f ormance meas ur es .

I n s ome cas es we have i ncr eas ed t he mi ni mumnumber of i t er at i ons i n t he LI NPACKand

EI SPACKrout i nes t o al l owthemto conver ge f or our t es t pr obl ems , but even t hi s may not

be enough. One goal of t he LAPACKproject i s t o i mpr ove t he conver gence pr oper t i es of

t hes e r out i nes , s o er r or mes s ages i n t he out put �l e i ndi cat i ng t hat a LI NPACKor EI SPACK

rout i ne di d not conver ge s houl d not be r egar ded wi t h al arm.

I n t he e i gens ys t emt i mi ng pr ogr am, we have equi val enced s ome wor k ar r ays and t hen

pas s ed t hemto a s ubr out i ne, wher e bot h ar r ays ar e modi �ed. Thi s i s a vi ol at i on of t he

For t r an 77 s t andar d, whi ch s ays \i f a s ubpr ogr amr ef er ence caus es a dummy ar gument

i n t he r ef er enced s ubpr ogr amto become as s oc i at ed wi t h anot her dummy ar gument i n t he

r ef er enced s ubpr ogr am, nei t her dummy ar gument may become de�ned dur i ng execut i on of

t he s ubpr ogr am. "1 I f t hi s caus es any di �cul t i es , t he equi val ence can be comment ed out

as expl ai ned i n t he comment s f or t he mai n e i gens ys t emt i mi ng pr ogr ams .

1ANSI X3.9-1978, sec. 15. 9. 3. 6

69



Appendix E: Estimated Time

I n t hi s appendi x we l i s t t he execut i on t i mes (i n s econds ) f or t he t es t and t i mi ng r uns on a

Sun SPARCs t at i on and on one pr oces s or of a Cr ay YMP. The smal l dat a s et s wer e us ed f or

t he SPARCs t at i on and t he l ar ge dat a s et s f or t he Cr ay YMP. I n bot h cas es , t he For t r an

BLAS wer e us ed. Thes e t i mes ( par t i cul ar l y f or t he Cr ay) wer e obt ai ned on a l oaded machi ne

and s houl d be cons i der ed r ough appr oxi mat i ons .

Tes t /t i mi ng r un Dat a s et S C D Z

Li near eqn t es t i ng 86 657 121 594

Ei gens ys t emt es t i ngNEP 58 421 96 423

SEP 7 48 12 46

SVD 6 45 10 43

Li near eqn t i mi ng Dens e 101 1228 159 1011

Banded 32 318 50 265

BLAS t i mi ng Set 1 120 2126 184 1755

Set 2 16 298 23 254

Set 3 14 279 21 246

Ei gens ys t emt i mi ngNEP 782 7718 1574 7930

SEP 36 631 66 675

SVD 189 2253 322 2003

Tabl e 8: Sun SPARCs t at i on execut i on t i mes ( i n s econds )

Tes t /t i mi ng r un Dat a s et S C

Li near eqn t es t i ng 112 197

Ei gens ys t emt es t i ngNEP 137 236

SEP 7 12

SVD 5 8

Li near eqn t i mi ng Dens e 569 1852

Banded 65 160

BLAS t i mi ng Set 1 477 3540

Set 2 106 583

Set 3 68 532

Ei gens ys t emt i mi ngNEP 4424 5775

SEP 142 693

SVD 555 890

Tabl e 9: Cr ay YMP { 1 pr oces s or , execut i on t i mes ( i n s econds )
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A: al l f our dat a t ypes

SC: REAL and COMPLEX

DZ: DOUBLE PRECI SI ONand COMPLEX*16

S: REAL

D: DOUBLE PRECI SI ON

C: COMPLEX

Z: COMPLEX*16

Many of t he �l es occur i n gr oups of f our , cor r es pondi ng t o t he f our di �er ent For t r an 
oat i ng-

poi nt dat a t ypes , and we wi l l f r equent l y r ef er t o t hes e �l es gener i cal l y, us i ng ` x' i n pl ace of

t he �r s t l et t er ( f or exampl e , xLASRCF) .

1. README Li s t of �l es as i n t hi s s ect i on

2. ALLAUXF LAPACKauxi l i ar y r out i nes us ed i n al l ver s i ons

3. SCLAUXF LAPACKauxi l i ar y r out i nes us ed i n S and Cver s i ons

4. DZLAUXF LAPACKauxi l i ar y r out i nes us ed i n Dand Z ver s i ons

5. SLASRCF LAPACKrout i nes and auxi l i ar y r out i nes

6. CLASRCF

7. DLASRCF

8. ZLASRCF

9. LSAMEF LSAME: f unct i on t o compar e two char act er s

10. TLSAMEF Tes t pr ogr amf or LSAME

11. SLAMCHF SLAMCH: f unct i on t o det ermi ne machi ne par amet er s

12. TSLAMCHF Tes t pr ogr amf or SLAMCH

13. DLAMCHF DLAMCH: f unct i on t o det ermi ne machi ne par amet er s

14. TDLAMCHF Tes t pr ogr amf or DLAMCH

15. SECONDF SECOND: f unct i on t o r et ur n t i me i n s econds

16. TSECONDF Tes t pr ogr amf or SECOND

17. DSECNDF DSECND: f unct i on t o r et ur n t i me i n s econds

18. TDSECNDF Tes t pr ogr amf or DSECND

19. ALLBLASF Auxi l i ar y r out i nes f or t he BLAS ( and LAPACK)

20. SBLAS1F Level 1 BLAS

21. CBLAS1F

22. DBLAS1F

23. ZBLAS1F

24. SBLAS2F Level 2 BLAS

25. CBLAS2F

26. DBLAS2F

27. ZBLAS2F
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