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Abstract

SLMQN is a subspace limited memory quasi-Newton algorithm for solving large-scale bound
constrained nonlinear programming problems. The algorithm is suituable to these large prob-
lems in which the Hessian matrix is difficult to compute or is dense, or the number of variables is
too large to store and compute an n×n matrix. Due to less storage requirement, this algorithm
can be used in PCs for solving medium-sized and large problems. The algorithm is implemented
in Fortran 77.
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SLMQN �O~Xa#,� (1)84�f8(-Y[H�O ��5�-OP� ��S> 8PC ���S>d 4�Y[HS>t 4�Jz �FS>�" �%B�}wa�v�-OC\��o�
 A(x) t� 8�
 B(x) %

A(x) = {i : li ≤ xi ≤ li + ǫb � ui − ǫb ≤ xi ≤ ui},

B(x) = {1, . . . , n}/A(x) = {i : li + ǫb < xi < ui − ǫb}. (2)4�q A(x) 8�A!%��o��A�L4�q B(x) 8�A!%Æd�A ��	ǫb ~�i? 8z	�<p 10−8�4�Y[HS>~C\q�fÆd�A�" 84�t�% −P
(k)
1 HkP

(k)
1 g(xk). w: g(x) =
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A1(x) = {i : xi = li � xi = ui, gi(x)(li + ui − 2xi) ≥ 0},

A2(x) = {i : li ≤ xi ≤ li + ǫb � ui − ǫb ≤ xi ≤ ui, gi(x)(li + ui − 2xi) < 0}, (3)

A3(x) = {i : li < xi ≤ li + ǫb � ui − ǫb ≤ xi < ui, gi(x)(li + ui − 2xi) ≥ 0}.-OjC4�q A1(x) �A�D��z4�q A2(x) t A3(x) � 8�A �̂ * 4�Jz �FS>%
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3 Λk)g(xk). (5)q [2] t [3] �!a ��b9jC�� αk z7

φk(α) ≤ φk(0) + µφ′

k(0)α (6)q µ ~ (0, 1/2) 8Xa�	�w:� φk(α) = f(PΩ[xk + αdk]), ℄� Ω = {x ∈ Rn : l ≤ x ≤ u}, PΩ~q Ω t 8!a �qXA��` 8��4�3Z{R SLMQN �O~i*�? 8, �,o[%{>/{�B2 8Na,>E~ Kuhn-Tucker > [4]�
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SLMQN ~b FORTRAN 77 ��(FB 8r� �bzKV��q	� F t� 8�F� DF�%BlbzW#i5�wA���r�3�bm��yS| �#N slmqn.f q�A TASK 85�4I+�Ab�SLMQN 8AbSF~
call slmqn(N,M,X,UNCON,XL,XU,F,DF,WA,LWA,IACT,FACTR,IPRINT,ISAVE,DSAVE,TASK)#N��b �	#�p4�

N ~Xay	�A��A 8&	�dbzZ��
M ~Xay	�A� f8(-BFGS Z�z 8+	 (X
 2 ≤ m ≤ 10), dbzZ� �
X(n) ~Xa�(F	� �dbz Zt�A8%{��
UNCON ~XaJ	�A�dbzZ� �pn.o��%� TRUE. Xs%� FALSE. �
XL(n), XU(n) ~�a�(F	��5 UNCON = .FALSE. x�dbz Zt�A 8t4$�
F ~Xa�(F�A �pn#N slmqn.f Z TASK(1:2) = ’FG’ � TASK(1:4) = ’FUNC’, UL F�L�bz Zt f q> x 8q	� �
DF(n) ~Xa�(F	� �pn#N slmqn.f Z TASK(1:2) = ’FG’ � TASK(1:4) = ’GRAD’,UL DF �L�bz Zt f q> x 8�F� �
WA(LWA) ~Xa�F% LWA8�(F	� �LWA �u`~ (5 + 2M)N + 2M�qAbo#�bz�V\�wa	� 8j� �
IACT(n) ~Xay		� �qAbo#�bz�V\�wa	� 8j� �
FACTR ~XadbzZ� 8�(F�A �w~�O��
s 8Xa �	�pn

(Fk − Fk+1)/max(|Fk+1|, |Fk|, 1) ≤ FACTR ∗ EPSMCH (7)ULB2�� �℄� EPSMCH ~�_(F��d SLMQN ÆD�w �q�(F% 15 ) 8���t�
FACTR 8�Fg�%�Gg;'ÆF� FACTR =1012; Gg�9'ÆF� FACTR = 107; Gg_'ÆF� FACTR = 10�

IPRINT ~XadbzZ� 8y	�A �IPRINT ≤ 0 x.ou�&�5 IPRINT > 0, ��w*� slmqn.dat (-��& 8E1 �5 IPRINT = 1 x��&�wB2 8XC"n� IPRINT = 2 xN�B2�&XC"n� IPRINT = 3 xN�B2Ef <3"n�& �
ISAVE ~Xa&	% 15 8y	d�	� �bz�V\�wa	�� 8A �qZ TASK=’NEW X’Q�x� ISAVE �pXAbz3Z�0 8E1 �ISAVE pfE1 8<3P�d�0 slmqn.f�
DSAVE~Xa&	% 158�(Fd�	��bz�V\�wa	�� 8A�qZ TASK=’NEW X’Q�x� DSAVE �pXAbz3Z�0 8E1 �DSAVE pfE1 8<3P�d�0 slmqn.f�
TASK~Xa�F% 608Ys) �q%{�qx�bz�L ZTASK%’START’�q#N slmqn.f�Z TASK(1:2) = ’FG’ Q�x�bz�L��q x 8Q��x 8q	 F t �FDF�5#N slmqn.fZ TASK(1:5) = ’NEW X’ Q�x��O 8X�B2zr"�� F,DF W��p f(x) t ▽f(x)8��bz�.C~�O�~��B2 �*"�
TASK(1:4) = ’CONV’ [(� slmqn.f � 8��
s�K��
TASK(1:4) = ’ABNO’ [(�qMfK���
s74Tz��� �wx�X pf�Df7 8'Æ>� F t DF W�~ f(x) t ▽f(x);
TASK(1:5) = ’ERROR’ [(�#Nq�q �	�YN7Xa .0�5 TASK = ’CONV’, ’ABNO’ �’ERROR’, �A TASK ��pJ" 8E1�bz3Z	ya

TASK /_&9 �'Bbzq%{�Ab slmqn �V����"�℄�7dbz�V\� TASK8��
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*"�^D#N sdriver.f 6}Bpub��3 8Z�Ab SLMQN #Xa�< �#N sdriver.f t
slmqn.f 3Z�o ftp LSEC.CC.AC.CN qTH /pub/yyx/SLMQN ��7 �h�v=2W3�7wA#N �
4 �D OM(��B=bz3Zq^D#N (< sdriver.f) ��5<S�oF TASK(1:4) = ’STOP’ ���O 8~H �wz7bz3ZÆÆPr��
s�<p-!a �F, ��q	� 8+	�v{U 8x� �pn���S
(7) �K� 8~��vXa�q.0�N7��v�O�W�O&Hx�UL�OW��� �E"��O�fXakg!a �F8��
s �pn

‖PΩ[x −▽f(x)] − x‖∞ = 0,UL�O�� �w~^%�f!a�F~TDx��O�W&H�XsXa+C>Y)�7B �qw�74� TASK �pX)�Y%’CONVERGENCE: NORM OF PROJECTED GRADIENT =0’�fxWNw9I ��.O&H4h 8G �qw�74��OW��� TASK �p 8E1%
’ABNORMAL TERMINATION IN LINE SEARCH’�pnq�qE1�N7.0 8~�TASK(1:5) �pf�Y)’ERROR’�qw�74�bz3Z/_�pq TASK(1:60) �<3.0E1 �
5 :L8F%B�� SLMQN}r�8IW�-O, CUTE�<r�� [1] �P&XA�$o�,�G SLMQN&H	��S �-O	 SLMQN h [6] � L-BFGS-B &HBÆ �S ��f��E~q Sun20 d�u&H 8�5!a�F 8.e0R	?g 10−5 x��

‖PΩ(xk −▽f(xk)) − xk‖∞ < 10−5 (8)x��O�� ����b N, IT, NF, CPU W��}�A 8&	�B2+	�q	���+	�t#NpH 8x� (ZQ%3))�Gg SLMQN r�����F 8+	hB2+	XU�LGg L-BFGS-B r�����F+	tq	���+	: �̂ *�GgNar�-O�C& IT,NF t CPU�.C f8(-BFGS ZB2+	 8�	m P% 3�Primal, Dual t CG W��} L-BFGS-B r��bl{SO�G\SO�gK�FO#,� �� 1 6}B�$o�,� 8	�"n �'B,� S368, ℄��f,� 8&	E0g�9g 1000�GgfA,�� SLMQN t Primal, Dual, CG KV: 8B2�q	 8���+	tx: 8x� �Gg,� TORSION4 t TORSION6, SLMQN Æ Primal, Dual t CG VrMI �℄l^3W~
Primal, Dual t CG KVMI#,� 8VB2 �GgEXA,�� SMQN � Primal � Dual 6}&XA> �℄8<�� SLMQN R6rg CG, t Primal, Dual �:t4 �� 2 6}B SLMQN G� �	m8a= �SLMQN GXA&	, 6 6 6008�$o�,�&HB	��S�5 mt0x�q	� 8��+	f�4� �4~x��� m�0Lf�t��Gg n > 10008,�����Kx��� m �0Lt�7T�6 �̂ *-OMfC&wA	�"n ��w-Ob&Pr m 8�℄ �Gg&	0g�9g 1000 8,��m 3P 2,3 � 5�m �r?g 10�Gg&	?g 10008,���5 m P% 3�pn	�"n��r 8~�ULt� m, Z� o 30 %8�}6r 8"n&7%� �
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Table 1: �$o�,��S"n,� N SLMQN Primal Dual CG

BDEXP 1000 14/15/0.99 14/15/1.01 14/15/0.67 14/15/1.03

BDEXP 5000 14/15/5.10 14/15/4.97 14/15/3.07 14/15/4.82

JNLBRNGA 5625 191/199/83.6 181/192/67.0 194/207/71.4 255/266/122.7

JNLBRNGB 1024 557/603/40.1 533/569/31.6 665/704/45.3 667/708/57.1

MCCORMCK 1000 15/27/1.23 12/15/0.90 12/15/0.60 12/15/1.06

NONSCOMP 1000 60/122/4.21 41/46/2.72 41/46/1.57 35/40/2.34

OBSTCLAE 5625 201/256/93.5 258/261/103.7 261/271/98.0 307/315/122.2

OBSTCLAE 10000 256/354/224 418/424/305 455/460/305 476/490/327

OBSTCLAL 1024 41/47/2.90 37/49/2.05 37/39/2.42 37/40/2.71

OBSTCLBM 15625 176/210/265 155/161/188 142/149/150 251/271/279

OBSTCLBU 1024 62/89/4.51 42/46/2.45 42/46/2.74 45/48/2.92

S368 100 11/16/2.48 16/19/2.96 16/19/2.94 20/26/4.03

TORSION1 1024 45/52/3.18 55/60/3.45 55/60/3.66 64/66/4.87

TORSION1 5476 164/199/72.3 131/139/47.3 119/129/44.1 171/182/73.9

TORSION1 10000 202/253/169 133/138/90.5 161/169/119 260/281/182

TORSION2 5476 165/194/73.5 173/180/69.0 174/180/60.2 401/453/166.4

TORSION3 5476 66/77/31.3 57/60/16.9 57/60/23.8 75/80/23.6

TORSION4 5476 67/82/28.7 170/173/59.0 177/181/70.0 242/249/76.8

TORSION4 10000 103/131/83.0 273/276/179 285/288/206 417/431/246

TORSION6 5476 43/60/18.4 123/128/39.3 127/129/53.6 142/145/37.4

TORSION6 10000 48/60/38.0 201/205/119.7 204/208/158 247/254/125

TORSION6 14884 70/94/87.3 306/309/300 300/303/365 358/363/286

IT/NF/CPU sec.
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Table 2: \� m - �$o�,�
SLMQN SLMQN SLMQN SLMQN,� N m = 3 m=5 m=10 m=17

BDEXP 500 14/15/0.48 14/15/0.58 15/16/0.79 15/16/0.75

BIGGS5 6 337/417/0.33 210/253/0.22 212/257/0.22 212/257/0.22

BQPGASIM 50 26/41/0.08 28/48/0.12 28/48/0.17 29/49/0.22

HATFLDC 25 22/25/0.034 21/25/0.042 20/24/0.055 20/24/0.061

JNLBRNGA 529 52/55/1.83 64/69/2.94 51/56/3.48 49/52/4.56

JNLBRNGB 529 321/346/11.5 282/303/13.2 274/295/20.3 277/293/30.9

LINVERSE 199 631/1089/9.74 334/531/6.65 249/408/7.41 318/488/13.8

MAXLIKA 8 946/1875/19.1 755/1568/15.7 812/1671/16.9 812/1671/16.9

MCCORMCK 500 15/25/0.60 15/25/0.71 15/25/0.86 15/25/0.83

NONSCOMP 529 51/64/1.86 50/61/2.34 54/70/3.83 55/73/5.44

OBSTCLAL 529 34/43/1.19 33/40/1.45 34/44/2.18 34/44/2.96

OBSTCLBL 529 39/51/1.38 35/43/1.55 37/46/2.39 34/43/2.80

OBSTCLBM 529 30/42/1.07 31/40/1.39 29/39/1.85 29/39/2.31

OBSTCLBU 529 37/48/1.30 42/58/1.89 37/51/2.40 36/49/3.03

PROBPENL 500 4/35/0.215 4/35/0.212 4/35/0.212 4/35/0.212

S386 100 11/16/2.44 13/22/3.03 14/23/3.25 14/23/3.24

TORSION1 484 28/33/0.911 29/35/1.19 25/30/1.38 25/31/1.62

TORSION2 484 41/47/1.34 31/37/1.28 35/47/2.14 27/35/1.92

TORSION3 484 19/23/0.579 14/18/0.493 15/19/0.638 16/20/0.672

TORSION4 484 19/25/0.607 18/24/0.705 17/25/0.843 17/25/0.815

TORSION6 484 10/14/0.295 9/14/0.291 10/15/0.327 10/15/0.328

IT/NF/CPU sec.
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