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Matched-field
Processing

10,000 GFLOPs
Matched-field
Processing with
Real-time
Environment Models
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Table 1: Characteristics of a MVDR sonar benchmark
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Table 2: Communication features of some HPC platforms
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A Parallel Algorithm for ESP Application
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E S P _ E x a m p l e ( )
{

M P I _ C o m m _ r a n k ( M P I _ C O M M _ WO R L D,  & my _ i d  ) ;

i f ( my _ i d = = P 0 )  { / *  E xe c u t e  t a s k s  m a p p e d  o n t o P 0  * /
 . . . . . . . . .
 / *  F F T 0  * /
F F T ( . . . ) ;
M P I _ S e n d ( . . . , P 2 ,  . . . ) ;
M P I _ S e n d ( . . . , P 3 ,  . . . ) ;

 . . . . . . . . .
 }

e l s e  i f ( my _ i d = = P 1 )  { / *  E xe c u t e  t a s k s  m a p p e d  o n t o P 1  * /
 . . . . . . . . .
 / *  F F T 1  * /
F F T ( . . . ) ;
M P I _ S e n d ( . . . , P 2 ,  . . . ) ;
M P I _ S e n d ( . . . , P 3 ,  . . . ) ;

 . . . . . . . . .
 }

e l s e  i f ( my _ i d = = P 2 )  { / *  E xe c u t e  t a s k s  m a p p e d  o n t o P 2  * /
 . . . . . . . . .
 / *  Q R D 0  * /
Q R D ( . . . ) ;
M P I _ R e c v ( . . . , P 0 ,  . . . ) ;
M P I _ R e c v ( . . . , P 1 ,  . . . ) ;

 . . . . . . . . .
 }

e l s e  i f ( my _ i d = = P 3 )  { / *  E xe c u t e  t a s k s  m a p p e d  o n t o P 3  * /
 . . . . . . . . .
 / *  Q R D 1  * /
Q R D ( . . . ) ;
M P I _ R e c v ( . . . , P 0 ,  . . . ) ;
M P I _ R e c v ( . . . , P 1 ,  . . . ) ;

 . . . . . . . . .
 }
}

�U#�$&56)H�
�`"M'U0 )�0R�J��������,.E6�"*Q,&)�0 �W���60 /14.���yK O 'F0 464.��#J��0R��#�,&�e5.A�#7�.$c2 0��.E �{'\�

�7H � ��deSAT��7a�Rba�]^deM\R!V��,d7h9WbV

� ��,./1465.�S0B��#�,&�60R�M/N,&E6���U#�A
0 �e0 �60R�J�.��#���0B��)X��46)X��A������S0B��#�,&�m,B*Y0W��,./1465.����)pA��.A�����/ZV^]�%.�D46��)f*-,&)>/10 �.���N,B*z0��
0B��$ ,&)H#J�a%6/^_f0 )X��%.#��������S56)X�"460B#7)<��0 �DCs�;��A>��#7/10B����EZ5.A�#7�.$NAS5.�?%W0"��,./1465.�S0B��#�,&�60R��/N,.E6���QVM��������������� �6�S%.�"�"���.��)�0B�i_
4656)�4s, A��3¶"#�A��a)X#7C65.����E �e��/N,&)H�98Q��¶ �r=y/q,&E6���;%60RADC6�����F5.A���E(#P�±E6��g ����,&4.#7�.$@K O '�0 464.��#���0B��#�,&�.AZ,&�|!p'M2
4.�70B�X*Q,&)�/NANu7��%6��� � xfV;K¡��4.��#���#��y/N��A>AS0B$ �N460BA�A�#7�.$Z#�A
0BA�AS56/q��E3#7�e�S%.�N�"¶ ��/N,.E6����*-,&)z��,&/1/N56�.#���0B��#�,&�e0 /N,&�.$
�S%.��46)X,&����A>A�,&)XA�V�]�%.#�AM/N,.E6��� ��0 �NC6��5.A���EN��,���%.,&, A>�Y0 4646)X,.46)X#70B���Y0R�J$�,&)X#��S%6/NA���,;/N#7�.#7/N#�I����S%.�<��,&/1/N56�.#���0B��#�,&�
��#7/N�^k;%.���Z0 �ZK O 'F0 464.��#���0B��#�,&�o#�A}460 )>0B���J����#�I���E�V

2�56)�)H��� ��!;'<2�4.�70B�H*-,&)>/NA���/14.��,t�W%.#J$.%ZC60 �.E6k�#�E6�S%W��,Bk��70B�>���.���D#7������)X��,&�6�.������#�,&�Z�.���Xk�,&)�~�A�V �`�W�S%.��A��"4.�70B�X_
*Q,&)�/NA����70 )X$ �"A�,R*-�Xk�0 )X��,Bg ��)�%.��0BE6A�0 )H�;#7�.��56)�)X��Ee0BAY0N/N��A>AS0B$ �p�S)�0[g ��)XA>��AM�S%6)X,.5.$&%1gB0 )X#�,&5.A�A>,B*-�Xk�0 )X�h�P0[� ��)HAz0��.E
�S%.�3�.���Xk�,&)�~m#7� �>��)+*:0R���3��,e#���A1E6��A��>#P�60R��#�,&�Fu7� � xfVL]�%.�ZA�,B*Q�Xkz0�)X�1,Bg ��)�%.��0BE6A�E6,&/N#7�60B���Z�S%.�Z%60 )XE6k�0 )H�DA�kh#J�>�?%
�70B�����.��#���A"#7�Z��56)�)H��� �;!p'M2²4.�P0R�X*-,.)�/NA�VU��,&)�0B��$ ,&)X#��S%6/nE6��A�#�$&�m0 �.E30 �60B���.A�#�A��T�a%.�y�.���Xk�,&)�~�AY,R*³AS5.��%Z4.�70B�X*Q,&)�/NA

��%



��0 �rCs�c/q,&E6������E|0BAy0 �Xb�0R� �3�.���XkY,.)�~G8�#QV�� V�#���A
��,&�6�.�����>#J,.�e*Q,&)�/NA
0o��,&/14.�������W$&)�0 46%e0 �.EL%.���.��� �U�S%.�1��,&/y_
/N56�.#���0B��#�,&�L��#7/N�Z#�A1��,.46, ��, $ ��#P�.E6��4s���.E6��� �a=�VL�U#J$.56)X�3�mE6��4.#J���>Ac5.A���)^����g ������,./1/N56�.#J��0R��#�,&�L,&��AS5.�?%|!p'M2
4.�70B�X*Q,&)�/NA[V

Interconnection Network

Processor

Memory

User
Program

Operating

Network
Interface

System

Processor

Memory

User
Program

Operating
System

Network
Interface

�U#�$&56)X�N�`"U2�,&/1/N56�.#���0B��#�,&�o#P�m!;'<2 4.�70B�X*Q,&)�/NA

]�,�/N,.E6����AS5.�?%���,&/1/N56�.#���0B��#�,&�l�¡�S%.�c��¶ � /N,.E6���z5.A>��Ay�Xk�,�460�)�0 /N������)HA������N0 �.E����B�U��,�)H��46)X��A������y�a%.�
��,&/1/N56�.#���0B��#�,&�o��#7/N�1u7��v�xfV�����E6���., �>��A;�S%.�"A>�S0 )X�X_f564���, A���k;%.#���%Z#7�.���75.E6��A
�S%.�"A>,B*-�Xk�0 )X�p0 �.EZ��,&/1/N56�.#���0B��#�,&�
46)X, �>,&��, �l,Bg ��)�%.��0RE6A�V����pE6���., ����A��S%.�
56�.#��pET0B�S0^�S)�0��.AS/N#�A�A�#�,&�o��#7/N�",Bg ��)<�S%.�
�.���XkY,.)�~TV7�+�W�S%.#�A}/N,.E6���Q�T46,�#P���X_
��,B_f4s, #7� �U��,./1/N56�.#J��0R��#�,&�^,B*�0;/q��A�AS0B$ �"8�,B*TA�#�I��
	Z=�C6���Xk������y0p460B#7)�,B*�46)X,.����A�A�,.)XA\#�AM0BA>AS56/N��EN��,��S0�~B����� ��	
���
��#7/N� Vp� 46��)>/y5.�a0B��#�,&�m,B*MET0B�S0�������/N������A
0 /N,&�.$W�S%.�N46)X,&����A>A�,&)XA��l0BA�Aa56/N#7�.$Z�S%60B�p��0B�?%m�.,&E6�1%60BA�	 56�.#���A",B*
ET0B�S0y*-,&)�0 �.,��S%.��)��.,.E6� �T0B��A�,W�S0 ~B��A���� ��	
���"�>#P/q� V

]�0 C.�����1Aa%.,tkhA"�S%.�N,&C.A���)Xg ��EegB0B�75.��A
,B*��S%.�10 C6,Bg �1460 )�0�/N������)XAh*-,.)pgt0 )X#�,&5.A
!p'M2µ4.�70B�H*-,&)>/NA�V
]�%.��gt0B�75.��A
,B*�� � 0 �.E�� � AS%.,Bk;�e#7�r]�0 C.�����WkY��)H�y,.C.�S0B#7�.��E�C60RA���Er,&�m,&56)^/N��0BAS56)X��/q��� ��A",.� O '³_f 35.A�#7�.$��r'9�+2�! u7� � x
0 �.E|]5� K�5.A�#7�.$��{'\�S8QK<'M2�2h=Nu7����xfV3�"���S%.�Z'U0 )�0B$ ,.�l�lgt0B�75.��A1k���)X�1,.C.�S0B#7�.��E�5.A>#P�.$LjY0RA�#��c�l#7�.��0 )^�p��$ ��C6)�0
2�,&/�/y56�.#���0B�>#J,.� O 56C646)X, $.)�0 /NAy8:jY���;2 O =^u ��xfV �:�;Aa%.,&5.��E{Cs�y�., �>��E3�S%60B�h�S%.��A��y�.56/NC6��)XApgt0�)X�ZE6��46���.E6#7�.$3,.�
�S%.�"g ��)HA�#�,&�Z,B*��S%.�
A�,R*-�Xk�0 )X������g.#P)H,&�6/N�����}5.A���EW*Q,&)�/q��A�AS0B$ �
460RA�A�#7�.$TV

�"�W����0 /�4.�J�^#��J�75.A��a)�0B��#7�.$Z�S%.�
5.A��^,B*U�S%.�
/N,.E6����#�A;E6#�A���5.A�A>��E3#7� O ������#�,&�
%TV %TV

�7H � � Rba�R��ER �Id �ja��

]�%.�e��%., #�����,R*
ET0B�S0��P0[� ,.5.��Ac0�/N,&�.$L�S%.�r46)X,&����A>A�#7�.$|A��S0B$ ��AWA��S)H,&�.$ ���|#7��b�5.���.����A��a%.�{4s��)+*Q,&)�/10 �.���m,B*y�a%.�
0 464.��#���0B��#�,&�mA�,B*Q�Xk�0 )X�
)�56�6�.#7�.$W,&�3!p'M2�4.�70B�X*Q,&)�/NA
u����.�\��v�xfV<¢ %.���e0 �ZK O 'F0 464.��#���0B��#�,&�e#�A"460 )�0B��������#�I���E��\�a%.�
ET0B�S0�0B������A�A"460B������)��.Ap5.AS560B��������%60 �.$ �p*`)X,&/ A��S0B$ �^��,1A��a0B$ � V��"�.�y0 4646)X,.0B�?%o��,1E6��g ����,&4.#7�.$3460 )>0B���J����A�,B*Q�Xk�0 )X�
#�A���,"�T�1�a%.�;ET0B�a0"�70[� ,&5.�MET56)H#P�.$N�S%.�p������#7)X�;���.����5.��#�,&�lV ��A>#P�.$N�S%.#�A�0 4646)X,.0B�?%l�.0"A�#7�.$ ���"�S0RAS~Z8�� V�$TVU0"�U�M]±,&)M0

���



Table 3: Communication features of some HPC platforms

Machine Ts(µsec) τd (µsec/byte)
Bandwidth
1/τd (MB/s)

SP-2 39 ~ 46 0.035 28.57

T3E 28 0.006 166.67

Paragon 37.7 0.0075 133.60
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(a) Linear execution model

(c) Linear execution model with stage clustering

(b) Linear execution model with replicated Stage 3
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(a) Using the linear execution model

(b) Using our model (Stage 2 is partitioned)
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’
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Tc

Stage 1 Stage 2

n1=6 n2=19
t1=3 t2=2
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Table 4: Characteristics of the two MVDR sonar beamformers

• The LAPACK subroutine,cgesvd, is used to perform single-precision complex-number singular value decompo-
sition (SVD) on SP-2.

• T denotes the time complexity of each task in a stage.
• N denotes the number of tasks in a stage.

Processing
stage Functionality

Experiment 1 Experiment 2

T (µsec) N T (µsec) N

Stage 1 FFT 88 64 260 128

Stage 2 Covariance matrix
factorization

68,500 64 807,718 128

Stage 3 Weight adaptation
and beamforming

1,900 8192 7,575 16,384
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