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With expandable hardware, PA-RISC architecture, symmetric multi-
processing, a new bus structure, and robust error handling, these systems
provide a wide range of performance and configurability within a single
cabinet. Standard features include one to twelve symmetric PA-RISC
7100 multiprocessors optimized for commercial workloads, main memory
configurations from 128M bytes to 2G bytes, and disk storage up to a
maximum of 1.9 terabytes.
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† Hewlett-Packard Journal memory size conventions:
1 kbyte = 1,000 bytes 1K bytes = 1,024 bytes
1 Mbyte = 1,000,000 bytes 1M bytes = 1,0242 bytes = 1,048,576 bytes
1 Gbyte = 1,000,000,000 bytes 1G bytes = 1,0243 bytes = 1,073,741,824 bytes
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†† The Transaction Processing Council requires that the cost per tpm be stated as part of the
TPC performance results. Cost per tpm will vary from country to country. The cost stated
here is for the U.S.A.

 �		�
		� 3'#%*'4� �����	� ����3#5'"(1��� #/&� ����
�� ����<

3#5'"+/5��� 8+5*� 58'-7'� 130%'44034�

 *'� �0&'-�  �		� 1307+&'4� 5*+4� *+)*� -'7'-� 0(� 1'3(03.#/%'� $:

64+/)� #� $#-#/%'&� $64� #3%*+5'%563'��  *'� 130%'4403� .'.03:

$64� %633'/5-:� 1307+&'4� 5*'� .#+/� 130%'4403<50<.'.03:� 03

130%'4403<50<���� +/5'3%0//'%5� 8+5*� #� $#/&8+&5*� 0(� �		

�$:5'4�4� #/&� #� 105'/5+#-� %#1#$+-+5:� 61� 50� 
� �$:5'�4��  *'� ���

$64'4� 1307+&'� #� 505#-� #))3')#5'� ���� $#/&8+&5*� 0(� ���

�$:5'4�4��  *'4'� $#/&8+&5*4� 4#5+4(:� 5*'� *+)*� &#5#� 4*#3+/)

3'26+3'.'/54� 0(� %0..'3%+#-� 803,-0#&4�

��
���� �����
��

 *'� ,':� 50� 5*'� �0&'-�  �		�4� '91#/&#$+-+5:� #/&� 1'3(03.#/%'

+4� +54� $64� 4536%563'��  *'� 130%'4403� .'.03:� $64� 1307+&'4� #

*+)*<$#/&8+&5*� %0*'3'/5� (3#.'803,� 5*#5� 5+'4� 5*'� 5+)*5-:

%061-'&� 4:..'53+%#-� .6-5+130%'44+/)� ��<����� 130%'44034

50)'5*'3� 8+5*� ���� #/&� .'.03:�� �+)�� �� 4*084� #� $-0%,� &+#<

)3#.� 0(� 5*'� �0&'-�  �		�

 *'� 130%'4403� .'.03:� $64� +4� #� �	<��;� $64� +.1-'.'/5'&� 0/

#� 
�<4-05� $#%,1-#/'� 8+5*� '+)*5� 4-054� 46+5#$-'� (03� 130%'44034� 03

.'.03:� $0#3&4� #/&� '+)*5� 4-054� 46+5#$-'� (03� ���� #&#15'34� 03

.'.03:� $0#3&4�� �#%*� 4-05� %#/� %0/5#+/� #4� .#/:� #4� (063� .0&<

6-'4�� #/&� %#/� 0$5#+/� +54� (#+3� (3#%5+0/� 0(� 5*'� $#/&8+&5*� 130<

7+&'&� $:� 5*'� 4:45'.� $64�� �6450.� %+3%6+5� &'4+)/4� #--08� 5*'� $64

50� 01'3#5'� #5� #� *+)*� (3'26'/%:� 8+5*065� 4#%3+(+%+/)� 1*:4+%#-



��� � � � � � � �92)� 	���� �);0)88?�%'/%6(� �3962%0

'322)'8-:-8=�� !3� 46):)28� 7=78)1� &97� &%2(;-(8,� *631� &)'31?

-2+� %� &3880)2)'/� %7� 8,)� 291&)6� 3*� 463')77367� -2'6)%7)7�� 8,)

&97� 46383'30� 1-2-1->)7� &97� '328)28-32� %2(� 92463(9'8-:)

86%**-'� ;-8,398� %((-2+� 92(9)� '3140)<-8=� 83� 8,)� &97� 13(90)7�

!3� 7944368� 79',� %� 0%6+)� 291&)6� 3*� 70387� 8,)� 463')7736� 1)1?

36=� &97� -7� 4,=7-'%00=� 0%6+)� %2(� ,%7� %2� )0)'86-'%0� 0)2+8,� 3*� 	�

-2',)7��  8%8)?3*?8,)� %68� #� �� ()7-+2� %2(� 1)',%2-'%0� 0%=398

%003;� 8,)� 463')7736� 1)136=� &97� 83� 692� %8� ��� ��>@%� :)6=

,-+,� *6)59)2'=� 3*� 34)6%8-32� *36� %� &97� 3*� 8,-7� 7->)�

!,)� -2498�398498� 79&7=78)1� 0-2/7� 8,)� 463')77367� %2(� 1)1?

36=� 32� 8,)� 463')7736� 1)136=� &97� 83� ���� ():-')7�� -2'09(-2+

%� :%6-)8=� 3*� 2)8;36/7�� !,)� �3()0� !
��� 79443687� %88%',1)28

3*� 94� 83� )-+,8� �);0)88?�%'/%6(� 46)'-7-32� &97)7� ���?����

)%',� 3*� ;,-',� '322)'87� 94� 83� 	�� ���� '%6(7�� !,)� *-678� ��?��

-7� -28)62%0� 83� 8,)� �3()0� !
��� %2(� 8,)� 38,)6� ��?��7� ;390(

&)� 03'%8)(� -2� %(.%')28� 6%'/7�� �%',� ��?��� '322)'87� 83� 8,)

463')7736� 1)136=� &97� 8,639+,� %� 0-2/)(� &97� '32:)68)6� '32?

7-78-2+� 3*� %� (9%0� &97� '32:)68)6�� %� &97� '32:)68)6� 0-2/�� %2(� %2

��?��� &97� '32:)68)6�� "2()6� 2361%0� 34)6%8-2+� '32(-8-327� 8,)

&97� '32:)68)67� %6)� 86%274%6)28� 83� 73*8;%6)�

!,)� 7)6:-')� 463')7736� '327-787� 3*� %� 7-2+0)� '%6(� ;,37)� 496?

437)� -7� 83� 463:-()� ,%6(;%6)� '328630� %2(� 132-836-2+� *92'8-327

*36� 8,)� �3()0� !
��� %2(� %� 97)6� -28)6*%')� 83� 8,)7)� *92'8-327�

!3� %',-):)� 8,-7� 496437)�� 8,)� 7)6:-')� 463')7736� ,%7� '322)'?

8-:-8=� 83� 1%2=� 4%687� 3*� 8,)� �3()0� !
���� !,)� 7'%2� &97� -7� '32?

86300)(� &=� 8,)� 7)6:-')� 463')7736� %2(� 463:-()7� 8,)� 7)6:-')

463')7736� ;-8,� 7'%2� %'')77� 83� %00� 3*� 8,)� 463')7736� 1)136=

&97� 13(90)7�� !,)� 7'%2� &97� -7� 97)(� *36� '32*-+96%8-32� 3*� 463?

')7736� 1)136=� &97� 13(90)7� %2(� *36� 1%29*%'896-2+� 8)78�� !,)

7)6:-')� 463')7736� %073� 463:-()7� 8,)� '03'/7� 97)(� &=� 463')7736

1)136=� &97� 13(90)7� %2(� '3286307� 8,)� 34)6%8-32� 3*� 8,)7)

'03'/7�� !,)� 7)6:-')� 463')7736� 463:-()7� (%8%� %2(� -27869'8-327

*36� 8,)� 463')77367� 3:)6� 8,)� 7)6:-')� 463')7736� &97� (96-2+

7=78)1� -2-8-%0->%8-32� %2(� )6636� 6)'3:)6=�� !,)� 7)6:-')� 463')7?

736� '322)'87� 83� 8,)� '328630� 4%2)0� %2(� 463:-()7� 8,)� 7=78)1

-2(-'%8-327� (-740%=)(� 8,)6)�� !,)� 7)6:-')� 463')7736� 463:-()7

-87� 97)6� -28)6*%')� 32� 8,)� '32730)� 8)61-2%07� 8,639+,� -87� '32?

2)'8-32� 83� 8,)� '32730)����� '%6(�

!,)� 7)6:-')� 463')7736� %073� '328%-27� 8,)� 43;)6� 7=78)1� '32?

8630� %2(� 132-836�� ;,-',� -7� 6)74327-&0)� *36� '3286300-2+� %2(

132-836-2+� 8,)� �3()0� !
���7� 43;)6� %2(� )2:-6321)28%0� 7=7?

8)1�� !,)� 1%-2� 43;)6� 7=78)1� 6)')-:)7� 
��?
��#� 7-2+0)?4,%7)

1%-27� %'� %2(� '32:)687� -8� 83� ���#('�� !,-7� ���#� 79440=� -7� 8,)2

'32:)68)(� &=� :%6-397� ('?83?('� '32:)68)6� 13(90)7� 83� 8,)

2))()(� 7=78)1� :308%+)7� �)�+��� 32)� 13(90)� -7� ���#('� 83� 
#('

%8� �
�$���� !,)� 43;)6� 7=78)1� '328630� %2(� 132-836� %((-8-32?

%00=� '3286307� 8,)� 7=78)1� *%27� %2(� 43;)6?32� 7-+2%07�� !,)

43;)6� 7=78)1� '328630� %2(� 132-836� 4)6*3617� -87� *92'8-327

92()6� 7)6:-')� 463')7736� '328630� %2(� 6)43687� -87� 6)79087� 83� 8,)

7)6:-')� 463')7736�

	��
������ ������� ���

!,)� 46)7)28� -140)1)28%8-32� 3*� 8,)� �3()0� !
��� 97)7� ��?��>

��?�� �� ')286%0� 463')77-2+� 92-87� ���"7�	�
��� -28)6'322)'8)(

;-8,� %� ,-+,?74))(� 463')7736� 1)136=� &97� 83� 7944368� 7=1?

1)86-'� 8;)0:)?;%=� 1908-463')77-2+�� !,-7� 7)'8-32� *3'97)7� 32

8,)� *)%896)7� %2(� ()7-+2� ()'-7-327� 3*� 8,)� 463')7736� 1)136=

&97�� ;,-',� %003;7� 8,)� 7=78)1� 83� %',-):)� )<')00)28� 320-2)

�
��� ��� �63')7736� 1)136=� &97� 4-4)0-2)�

A i R V A i R V A i R V A i R V A i R V

Address Quad 1 Quad

Address Bus:

D0 D1 D2 D3

Data Bus:

Memory Latency 1 Quad

A = Arbitration
i = I/O
R = Real Address
V = Virtual Address

Data Quad

86%27%'8-32� 463')77-2+� ���!��� 4)6*361%2')� %2(� )**-'-)28

1908-463')7736� 7'%0-2+�

���� 	����
��

!,)� 463')7736� 1)136=� &97� -7� %� 7=2',632397� 4-4)0-2)(� &97�

!,)� 4-4)0-2)(� 2%896)� 3*� 8,)� &97� 46383'30� 40%')7� -8� &)8;))2� %

740-8� 86%27%'8-32� 46383'30� %2(� %2� %831-'� 86%27%'8-32� 46383'30�

!,-7� %003;7� 8,)� 463')7736� 1)136=� &97� 83� ,%:)� 8,)�

4)6*361%2')� 3*� %� 740-8� 86%27%'8-32� &97� ;-8,� 8,)� 03;)6�

-140)1)28%8-32� '3140)<-8=� 3*� %2� %831-'� 86%27%'8-32� &97�

!,)� 463')7736� 1)136=� &97� ,%7� 7)4%6%8)� %((6)77� %2(� (%8%

&97)7�� !,)� %((6)77� &97� -7� 97)(� 83� 86%27*)6� %((6)77� %2(� '32?

8630� -2*361%8-32� %2(� 83� -2-8-%8)� 86%27%'8-327�� �32?���� ���

(%8%� -7� %073� 86%27*)66)(� 32� 8,)� %((6)77� &97�� !,)� (%8%� &97

86%27*)67� 1)136=� (%8%� -2� &03'/7� 3*� 	��� �
�� 36� ��� &=8)7�� !,)

463')7736� (%8%� &97� -2� 8,)� 46)7)28� -140)1)28%8-32� -7� ��� &-87

;-()�� %08,39+,� 8,)� 46383'30�� &%'/40%2)�� %2(� 1)136=� 7=78)1

%073� 7944368� 	
�?&-8?;-()� %'')77)7�� �36� �
?&=8)� 86%27*)67� 32

8,)� (%8%� &97�� 8,)� %:%-0%&0)� &%2(;-(8,� -7� ���� �&=8)7� 4)6� 7)'?

32(�� �*� 463')77367� 97)� %00� 	
�� &-87� 3*� 8,)� (%8%� &97� 83� 4)6*361

��� &=8)� 86%27*)67�� 8,)� &%2(;-(8,� (39&0)7� 83� ���� �&=8)7� 4)6

7)'32(�

�-+�� �� 7,3;7� 8,)� 463')7736� 1)136=� &97� 4-4)0-2)�� �396� '32?

7)'98-:)� 463')7736� 1)136=� &97� 78%8)7� %6)� 6)*)66)(� 83� %7� %

������ �� 86%27%'8-32� '327-787� 3*� %� 59%(� 32� 8,)� %((6)77� &97�

*3003;)(� %8� 731)� *-<)(� 8-1)� &=� %� 59%(� 32� 8,)� (%8%� &97�

�2� %((6)77� 59%(� '327-787� 3*� %2� %6&-86%8-32� '='0)�� %2� ���

'='0)�� %� 6)%0� %((6)77� '='0)�� %2(� %� :-689%0� %((6)77� '='0)�� !,)

%6&-86%8-32� '='0)� -7� 97)(� &=� &97� 1%78)67� 83� %6&-86%8)� *36� 97)� 3*

8,)� &97�� !,)� ���� '='0)� -7� 97)(� 83� 86%27*)6� (%8%� -2� 8,)� ���

%((6)77� 74%')�� !,)� 6)%0� %((6)77� '='0)� -7� 97)(� 83� 86%27*)6� 8,)

1)136=� 36� ���� %((6)77� %2(� 83� -2(-'%8)� 8,)� 86%27%'8-32� 8=4)�

!,)� :-689%0� %((6)77� '='0)� -7� 97)(� 83� 86%27*)6� 8,)� :-689%0� -2()<

*36� '%',)� '3,)6)2'=� ',)'/7�

�� (%8%� 59%(� '327-787� 3*� *396� (%8%� 86%27*)6� '='0)7�� !,)� *-<)(

8-1)� &)8;))2� %((6)77� %2(� (%8%� 59%(7� -7� 463+6%11)(� %8� 7=7?

8)1� -2-8-%0->%8-32�� !,-7� %66%2+)1)28� %003;7� 1908-40)� 4-4)0-2)(

86%27%'8-327� 83� &)� -2� 463+6)77� %8� 8,)� 7%1)� 8-1)��  -2')� (%8%� -7

6)8962)(� %8� %� *-<)(� 8-1)� %*8)6� 8,)� %((6)77� 59%(�� 8,)� 13(90)

6)8962-2+� (%8%� %9831%8-'%00=� +)87� %'')77� 83� 8,)� (%8%� &97� %8

8,%8� 8-1)�� !,)� 7)8� 3*� 7944368)(� 86%27%'8-327� -2'09()7� 6)%(7

%2(� ;6-8)7� 83� 1)136=� %((6)77� 74%')�� 6)%(7� %2(� ;6-8)7� 83� ���

%((6)77� 74%')�� %2(� '%',)� %2(� !��� �86%270%8-32� 033/%7-()

&9**)6�� '328630� 86%27%'8-327�



�0)!� ���	� �!2'!//7���&�- � �*0-)�'� � � � � � � ��

����� ��� �0'/%+-*�!..*-� +-*/*�*'�

.$*2%)#� ���$!7/*7���$!� /-�)."!-

/%(%)#�

A

Coherence Signal Time

Address Bus:

AR V R V

Coherent
Read

Third Party
Signals Hit

Cache-to-Cache
Transfer

Cache-to-Cache Time

Data Bus:

D

Third-Party
Data

Memory
Data

D D D D D D D

S

�"� �� /-�).��/%*)� %.� %)%/%�/! � *)� /$!� +-*�!..*-� (!(*-4� �0.�� �0/

�� (* 0'!� �!%/$!-� /$!� .'�1!� *-� �� /$%- � +�-/4�� %.� )*/� +-!+�-! 

/*� +�-/%�%+�/!� %)� /$!� /-�).��/%*)�� /$�/� (* 0'!� $�.� /$!� *+/%*)

*"� �
����� � /$!� /-�).��/%*)�� �$!)� /$!� (�./!-� .!!.� /$�/� %/.

/-�).��/%*)� %.� �0.%! �� %/� (0./� -!/-4� /$!� /-�).��/%*)� �/� �� '�/!-

/%(!�� �0.4� %.� �++-*+-%�/!�� "*-� !3�(+'!�� 2$!)� /$!� �0.� � �+/!-

%.� �.&! � /*� "*-2�- � �� -!� � /-�).��/%*)� /*� /$!� '*2!-7.+!! 

+-!�%.%*)� �0.� �.!!� 6�-�%/-�/%*)�� �!'*2� "*-� (*-!� %)"*-(�/%*)��

�*-� ��.!.� %)� 2$%�$� �� (* 0'!� -!,0%-!.� �� �-%!"� -!.+%/!� "-*(

+�-/%�%+�/%)#� %)� /-�).��/%*).�� %/� ��)� ���	 � /$!� �0.�� /$�/� %.�� %/

��)� "-!!5!� �''� �  -!..� �) �  �/�� �0.� ��/%1%/4�� �/�  *!.� /$%.� �4

�..!-/%)#� /$!� 2�%/� .%#)�'� *)� /$!� �0.�� �$!� 2�%/� "��%'%/4� %.

�)�'*#*0.� /*� �� ./�''� %)� /$!� +-*�!..*-� +%+!'%)!�

���������
����� ���� 	�������

�$!� +-*�!..*-� (!(*-4� �0.� +-*1% !.� ���$!� �) � ���� �*$!-7

!)�!� 2%/$� �� ������	� +-*/*�*'�� �$!)!1!-� �� �*$!-!)/� /-�).��7

/%*)� %.� %..0! � *)� /$!� �0.�� !��$� +-*�!..*-� ���/%)#� �.� �� /$%- 

+�-/4�� +!-"*-(.� �� ���$!� �*$!-!)�4� �$!�&� 0.%)#� /$!� 1%-/0�'

%) !3� �) � -!�'� �  -!..�

���$� /$%- 7+�-/4� +-*�!..*-� %.� -!.+*).%�'!� "*-� .%#)�'%)#� ���$!

�*$!-!)�4� ./�/0.� �/� �� "%3! � /%(!� �"/!-� /$!� �  -!..� ,0� �� �$!

/$%- � +�-/4� .%#)�'.� /$�/� /$!� ���$!� '%)!� %.� %)� *)!� *"� "*0-� ./�/!.


.$�-! �� +-%1�/!� �'!�)�� +-%1�/!�  %-/4�� *-� )*/� +-!.!)/�� �$!� -!7

,0!./%)#� +-*�!..*-� %)/!-+-!/.� /$!� �*$!-!)�4� ./�/0.� /*�  !/!-7

(%)!� $*2� /*� (�-&� /$!� ���$!� '%)!� ./�/!� �+-%1�/!� �'!�)�� +-%1�/!

 %-/4�� *-� .$�-! ��� �$!� /$%- � +�-/4� �'.*� 0+ �/!.� %/.� ���$!� '%)!

./�/!� �)*� �$�)#!�� .$�-! �� *-� )*/� +-!.!)/��

�"� �� /$%- � +�-/4� .%#)�'.� /$�/� %/� $�.� /$!� -!,0!./! � '%)!� %)� /$!

+-%1�/!�  %-/4� ./�/!�� /$!)� %/� %)%/%�/!.� �� ���$!7/*7���$!� /-�).��7

/%*)� �/� �� "%3! � /%(!� �"/!-� /$!� �  -!..� ,0� �� �$!� -!,0!./%)#

+-*�!..*-�  %.��- .� /$!�  �/�� -!�!%1! � "-*(� (�%)� (!(*-4� "*-

/$!� %)%/%�'� -!,0!./� �) � %)./!� � ���!+/.� /$!�  �/��  %-!�/'4� "-*(

/$!� /$%- � +�-/4� %)� �� ���$!7/*7���$!� /-�)."!-�� �/� /$%.� .�(!� /%(!

/$!�  �/�� "-*(� /$!� /$%- � +�-/4� %.� 2-%//!)� /*� (�%)� (!(*-4�� �$!

/%(%)#� *"� /$!.!� !1!)/.� %.� .$*2)� %)� �%#�� 	�

�%)�!� /$!� +-*�!..*-� (!(*-4� �0.� �''*2.� (0'/%+'!� *0/./�) %)#

+%+!'%)! � /-�).��/%*).�� %/� %.� %(+*-/�)/� /$�/� +-*�!..*-� (* 0'!.

�!� ��'!� /*� +!-"*-(� +%+!'%)! � ���$!� �*$!-!)�4� �$!�&.� /*

/�&!� (�3%(0(� � 1�)/�#!� *"� /$!� �0.� ��) 2% /$�� �%#�� 


.$*2.� �)� !3�(+'!� *"� +%+!'%)! � ���$!� �*$!-!)�4� �$!�&%)#�

	����
��
��
� 	
�
�
�
��

�$!� +-*�!..*-� (!(*-4� �0.� +-*/*�*'� +!-(%/.� (�)4� &!4� �0.

/%(%)#� +�-�(!/!-.� /*� �!� +-*#-�((! � �4� %)%/%�'%5�/%*)� .*"/7

2�-!�� �-*#-�((%)#� �''*2.�  %""!-!)/� %(+'!(!)/�/%*).� /*� *+/%7

(%5!� /$!� +�-�(!/!-� 1�'0!.� /*� %)�-!�.!� .4./!(� +!-"*-(�)�!

�) � -! 0�!� %(+'!(!)/�/%*)� �*(+'!3%/4�� �)%/%�'%5�/%*)� .*"/7

2�-!� ��'�0'�/!.� /$!� (%)%(0(� /%(%)#� �''*2! � "*-� /$!� #%1!)

.!/� *"� %)./�''! � �0.� (* 0'!.�� �.� )!2� (* 0'!.� �-!�  !.%#)! 

/$�/� ��)� *+!-�/!� 2%/$� .(�''!-� 1�'0!.� �$%#$!-� +!-"*-(�)�!��

%)%/%�'%5�/%*)� .*"/2�-!� .%(+'4� -!�..%#).� /$!� 1�'0!.�

�$!� +-*#-�((��'!� +�-�(!/!-.� %)�'0 !


• �  -!..7/*7��/�� ��/!)�4�� �$!� /%(!� "-*(� /$!� -!�'� �  -!..�

*"� /$!� �  -!..� ,0� � /*� /$!� "%-./�  �/�� �4�'!� *"� /$!�  �/�� ,0� �

�$!� +-!.!)/� %(+'!(!)/�/%*)� ��$%!1!.� �� '�/!)�4� *"� ���

)�)*.!�*) .�

• �*$!-!)�4� �%#)�'%)#� �%(!�� �$!� /%(!� -!,0%-! � "*-� �� +-*�!..*-

/*� +!-"*-(� �� ���$!� �*$!-!)�4� �$!�&� �) � .%#)�'� /$!� -!.0'/.� *)

/$!� �0.�

• ���$!7/*7���$!� �%(!�� �$!� /%(!� "-*(� /$!� �  -!..� ,0� � *"

/$!� �*$!-!)/� -!� � /-�).��/%*)� /*� /$!� �  -!..� ,0� � *"� /$!

���$!7/*7���$!� /-�).��/%*)�� �$%.� 1�'0!� %.� /$!� /%(!� -!,0%-! 

����� ��� �%+!'%)! � ���$!� �*$!-!)�4

�$!�&%)#�

A

Address Bus:

AR V R V

Coherent
Read

Proces-
sor A

Third
Party

Signals
No Hit A

Data Bus:

D

Processor A
to Processor

C Data

Memory
Data for
Proces-
sor A

D D D D D D D

A R V A R V
S S S

Coherent
Read

Proces-
sor B

Coherent
Read

Proces-
sor C

Third
Party

Signals
No Hit B

Proces-
sor A

Signals
Hit C

Processor
A to Pro-
cessor C
Transfer

D D D D D D D D

Memory
Data for
Proces-
sor B

Memory
Data for
Proces-
sor C



��� � � � � � � �70(� 	���� �(9.(66=�$&-$4'� �1740$.

	���� ��� �41&(5514� /(/14;� %75

(.(&64,&$.� .$;176�

Vterm (3.0V)

34�

13 Inches

Vterm (3.0V)

34�

Processor Memory Bus

22�

Card 0

Transceiver

22�

Card 1

22�

Card 14

22�

Card 15

Transceiver Transceiver Transceiver

)14� $� 241&(5514� 61� '1� $� &$&+(� &1+(4(0&;� &+(&-� $0'� &12;� 176

',46;� '$6$�

• �(/14;� �.1&-�  (&18(4;� ",/(�� "+(� 6,/(� ,6� 6$-(5� $� /(/14;

%.1&-� 61� 4(&18(4� )41/� $0� $&&(55� $0'� %(&1/(� 4($';� )14� 6+(

0(:6� $&&(55�

• �(/14;� �06(4.($8,0*�� "+(� /(/14;� %.1&-� ,'(06,),(4� $55,*0=

/(065�� "+(� $55,*0/(065� '(2(0'� 10� 6+(� 5,<(� $0'� 07/%(4� 1)

/(/14;� %.1&-5� ,056$..('� ,0� 6+(� 5;56(/�

������
����

"+(� 241&(5514� /(/14;� %75� 75(5� 6+4((� ',))(4(06� $4%,64$6,10

47.(5� 61� '(6(4/,0(� 9+(0� $� /1'7.(� &$0� *(6� $&&(55� 61� 6+(� %75�

"+(� ),456� 47.(�� 75('� )14� 4()(4(0&(5� 61� /(/14;�� 56$6(5� 6+$6� $

/$56(4� &$0� $4%,64$6(� )14� $� /(/14;� %.1&-� 10.;� $)6(4� 6+(� %.1&-

+$5� 4(&18(4('� )41/� 6+(� 24(8,175� $&&(55�� �75� /$56(45� ,/2.(=

/(06� 6+,5� %;� 1%5(48,0*� $..� 64$05$&6,105� 10� 6+(� 241&(5514

/(/14;� %75�� !,0&(� /(/14;� 4()(4(0&(5� ,0&.7'(� 6+(� %.1&-

,'(06,),(4� $0'� 6+(� 4(&18(4;� 6,/(5� $4(� -0190�� /$56(45� 4()4$,0

)41/� $4%,64$6,10� )14� $� %75;� %.1&-�� "+(� %(0(),6� 1)� 6+,5� $4%,64$=

6,10� 47.(� ,5� 6+$6� /(/14;� /1'7.(5� '1� 016� +$8(� 61� 37(7(� 14

%75;� 64$05$&6,105�� $0'� 6+(4()14(� %75� %$0'9,'6+� ,5� &105(48('

%(&$75(� (8(4;� /(/14;� 64$05$&6,10� ,5� $� 75()7.� 10(�

"+(� 5(&10'� $4%,64$6,10� 47.(�� 75('� )14� 4()(4(0&(5� 61� ����

$''4(55� 52$&(�� 4(37,4(5� 6+$6� $� /$56(4� 1)� $� %75,('� ���� 64$05$&=

6,10� 016� 4(64;� 6+(� 64$05$&6,10� 706,.� 6+(� 5.$8(� +$5� ,0',&$6('

6+$6� ,6� ,5� 4($';� 61� $&&(26� 6+(� 64$05$&6,10�� "+(� 5.$8(� ,0',&$6(5

4($',0(55� %;� $55(46,0*� 6+(� 14,*,0$.� /$56(4�5� $4%,64$6,10� %,6� 10

6+(� %75�� "+(� /$56(4� '(6(&65� 6+$6� 6+(� 5.$8(� +$5� 4(56$46('� $4=

%,64$6,10� $0'� &106,07(5� 61� $66(/26� 61� 9,0� $4%,64$6,10�� "+,5

47.(� 24(8(065� /$56(45� )41/� 9$56,0*� %75� %$0'9,'6+� %;� &10=

6,07$..;� 4(64;,0*� 6+(� 64$05$&6,10� 9+,.(� 6+(� 5.$8(� ,5� 016� 4($';

61� $&&(26� ,6�� $0'� $81,'5� /156� 1)� 6+(� &1/2.(:,6;� 1)� 4(37,4,0*

5.$8(5� 61� /$56(4� $� 4(6740� 64$05$&6,10�

"+(� 6+,4'� /(&+$0,5/�� 4()(44('� 61� $5� ��
�	������� �	��	��
� ��
�

$4%,64$6,10�� ,5� ,081-('� 9+(0� /7.6,2.(� /$56(45� 5,/7.6$0(175.;

$4%,64$6(� )14� 6+(� 241&(5514� /(/14;� %75�� �,564,%76('� 24,14,6;

.,56� $4%,64$6,10� ,5� $� 0(9� 5&+(/(� )14� *(0(4$.� $4%,64$6,10�� �6� 75(5

$� .($56=4(&(06.;=75('� $.*14,6+/� 61� '(6(4/,0(� 24,14,6;� 10� 6+(

%75�� �� /$56(4� ,/2.(/(065� ',564,%76('� 24,14,6;� .,56� $4%,64$6,10

%;� /$,06$,0,0*� $� .,56� 1)� /$56(45� 6+$6� +$8(� +,*+(4� 24,14,6;� 6+$0

,65(.)� $0'� $� .,56� 1)� /$56(45� 6+$6� +$8(� .19(4� 24,14,6;�� "+75�� $0

$4%,64$6,0*� /$56(4� &$0� '(6(4/,0(� ,6� +$5� 910� %;� 1%5(48,0*

6+$6� 01� +,*+(4=24,14,6;� /$56(4� +$5� $4%,64$6('�� "+(� ,'(06,6;� 1)

6+(� 9,00,0*� /$56(4� ,5� '4,8(0� 1061� 6+(� 241&(5514� /(/14;� %75

,0� 6+(� $''4(55� 37$'�� �$56(45� 6+(0� 72'$6(� 6+(,4� .,565� 61� ,0',=

&$6(� 6+(;� 019� +$8(� +,*+(4� 24,14,6;� 6+$0� 6+(� 9,00(4�� "+(

9,00(4� %(&1/(5� 6+(� .19(56� 24,14,6;� 10� $..� .,565�� "+,5� $4%,64$=

6,10� 5&+(/(� *7$4$06((5� )$,4� $&&(55� 61� 6+(� %75� %;� $..� /$56(45�

��
�����
�� �
����

"+(� 241&(5514� /(/14;� %75� +$5� 6+(� 51/(9+$6� &10).,&6,0*

*1$.5� 1)� +,*+� &100(&6,8,6;� �9+,&+� ,/2.,(5� $� .10*� %75� .(0*6+�

$0'� +,*+� %$0'9,'6+� �9+,&+� ,/2.,(5� $� +,*+� )4(37(0&;� 1)� 12=

(4$6,10� $0'� $� &144(5210',0*.;� 5+146� %75� .(0*6+��� �� 6;2,&$.

51.76,10� 61� 6+(5(� *1$.5� /,*+6� 75(� &7561/� 64$05&(,8(45� $0'

12(4$6(� $6� $� )4(37(0&;� 1)� ��� ��<�� �19(8(4�� %;� 75,0*� &75=

61/� #�!��� ,0&,'(06� 9$8(� 59,6&+,0*�� $0'� 56$6(=1)=6+(=$46� '(5,*0�

6+(� �1'(.� "
��� 241&(5514� /(/14;� %75� $..195� 4(.,$%.(� 12=

(4$6,10� $6� ��� ��<� 18(4� $� 	�=,0&+� %75� 9,6+� 	�� &$4'5� ,056$..('�

�$&+� %1$4'� 10� 6+(� 241&(5514� /(/14;� %75� 75(5� 691� 6;2(5� 1)

&7561/� %75� ,06(4)$&(� 64$05&(,8(4� ��5�� "+(� ),456� ��� 6;2(� ,0&14=

214$6(5� 	�� %,65� 1)� 6+(� 241&(5514� /(/14;� %75� �2(4� 2$&-$*(��

(4414� '(6(&6,10� $0'� &144(&6,10� .1*,&�� $0'� 691� ,0276� 21465

�9,6+� $0� ,06(40$.� 
�	� /7.6,2.(:(4�� ,0� 10(� 	��=2,0� 37$'� ).$6

2$&-$*(�� "+,5� ��� ,5� 4()(44('� 61� $5� $� 241&(5514� /(/14;� %75

64$05&(,8(4� ,0� 6+,5� $46,&.(�� "+(� 5(&10'� ��� 6;2(� 2(4)14/5� $..� 1)

6+(� $%18(� '76,(5� %76� $''5� $4%,64$6,10� &10641.� .1*,&� $0'� &10=

641.� 1)� 
�� %,65� 10� 6+(� 241&(5514� /(/14;� %75� ,0� $� 	��=2,0

37$'� ).$62$&-�� "+,5� ��� ,5� 4()(44('� 61� $5� $0� $4%,64$6,10� $0'

$''4(55� %7))(4� ,0� 6+,5� $46,&.(�� "+(� $4%,64$6,10� $0'� $''4(55

%7))(4� $0'� 6+(� 241&(5514� /(/14;� %75� 64$05&(,8(45� $4(�

,/2.(/(06('� ,0� ���5� ���=/,&41/(6(4� ���!� 241&(55�

�,*�� �� 5+195� 6+(� %$5,&� 241&(5514� /(/14;� %75� '(5,*0�� �$&+

241&(5514� /(/14;� %75� 5,*0$.� .,0(� +$5� $� ��=1+/� 6(4/,0$6,10

4(5,5614� 6,('� 61� �#� $6� ($&+� (0'� 1)� 6+(� %75�� �$&+� &$4'� ,056$..('

10� 6+(� 241&(5514� /(/14;� %75� +$5� $� 5(4,(5� 6(4/,0$6,0*� 4(5,5=

614� 1)� 

� 1+/5� %(69((0� 6+(� &100(&614� $0'� $� &144(5210',0*

%,',4(&6,10$.� %7))(4� 64$05&(,8(4� )14� 6+(� 241&(5514� /(/14;

%75�

�14� $55(46('� 5,*0$.5� �$&6,8(� .19�� 6+(� 176276� '4,8(4� 64$05,5614

,0� �,*�� �� 67405� 10�� "+,5� 27..5� 6+(� 

=1+/� 4(5,5614� 61� $2241:,=

/$6(.;� *4170'� 9+,&+� �6+417*+� 6+(� 4(5,5614� ',8,'(4� 1)� 

� 1+/5

$0'� 691� ��=1+/� 4(5,56145� ,0� 2$4$..(.�� 27..5� 6+(� 241&(5514

/(/14;� %75� 5,*0$.� 61� $2241:,/$6(.;� 	��� 81.65�� �0� '($5=

5(46('� 5,*0$.5� 6+(� 176276� '4,8(4� ,5� 1))� $0'� 6+(� ��=1+/� 4(5,5=

6145� $6� ($&+� (0'� 1)� 6+(� %75� 27..� 6+(� %75� 61� $� +,*+� .(8(.� 1)

$2241:,/$6(.;� �#�

"+(� 4(&(,8(4� �$� *4($6.;� 5,/2.,),('� 8(45,10� ,5� 5+190� ,0� �,*�� ��

,5� $� /1',),('� ',))(4(06,$.� 2$,4�� �0(� ,0276� 1)� 6+(� ',))(4(06,$.

2$,4� ,5� &100(&6('� 61� $0� (:6(40$.� 4()(4(0&(� 81.6$*(� 1)� 
�

#�

"+(� 16+(4� ,0276� 1)� 6+(� ',))(4(06,$.� 2$,4� ,5� &100(&6('� 61� 6+(



�:3+� 
��
� �+<1+99@ ')0'7*� �4:73'1� � � � � � � ��

����� ���  74)+8847� 2+247>� (:8� +1+)97/)'1� *+9'/1�

Backplane

3V

34�

3V

34�

22�

Output
Driver

Receiver

V

Vref

Transceiver
Board

574)+8847� 2+247>� (:8�� $8+� 4,� '� */,,+7+39/'1� 5'/7� 7+)+/;+7

'114<8� /3)/*+39� 8/-3'1� 8</9)./3-� �/�+��� 9.+� ,/789� 97'38/9/43� 4,

9.+� 8/-3'1� /8� *+9+)9+*� (>� 9.+� 7+)+/;+7�� '3*� 57+)/8+� 1+;+1

)439741� 4,� 9.+� /35:9� 8</9).� 54/39�

#.+� ��@4.2� 8+7/+8� 7+8/8947� 5+7,4728� 8+;+7'1� /25479'39� ,:3)@

9/438�� �/789�� <.+3� '� 97'38)+/;+7� '88+798� '� 8/-3'1�� 9.+� 7+8/8947

1/2/98� 5:11@*4<3� ):77+39�� "+)43*�� ,47� (4'7*8� <.+7+� 9.+� 97'38@

)+/;+7� /8� 349� *7/;/3-�� 9.+� ��@4.2� 7+8/8947� .+158� /841'9+� 9.+

574)+8847� 2+247>� (:8� ,742� 9.+� )'5')/9/;+� '3*� /3*:)9/;+� 14'*

57+8+39+*� (>� 9.+� /3')9/;+� (:,,+78� '3*� (4'7*� 97')+8�� �'891>�

9.+� ��@4.2� 7+8/8947� .+158� *'25+3� 97'38/+39� <';+,4728

)':8+*� (>� 7/3-/3-�

���������� 
����

#.+� 574)+8847� (4'7*� :8+*� /3� 9.+� �4*+1� #�		� /8� '� .'7*<'7+

5+7,472'3)+� :5-7'*+� 574*:)9� 9.'9� 7+51')+8� 9.+� 47/-/3'1� 574@

)+8847� (4'7*� 4,� 9.+� � � �			� �4*+1� ��	� )47547'9+� (:8/3+88

8+7;+7�� %/9.� :5� 94� 9<4� 574)+8847� 24*:1+8� 5+7� 574)+8847

(4'7*�� 9.+� *:'1� 574)+8847� (4'7*� '114<8� 9.+� �4*+1� #�		� 8>8@

9+2� 94� ')./+;+� :5� 94� 9<+1;+� 574)+8847� 8>89+28�� �**/9/43'11>�

9.+� :8+� 4,� 9.+�  �@!�"�� �
		� 574)+8847� /2574;+8� :3/574)+8847

5+7,472'3)+�� #.+� 0+>� ,+'9:7+8� 4,� 9.+� �4*+1� #�		�8� 574)+8847

/3)1:*+�

• �/7+)9� 7+51')+2+39� 4,� 9.+� 47/-/3'1� 574)+8847� (4'7*� �)'3349

(+� 2/=+*� </9.� 47/-/3'1� 574)+8847� (4'7*8� /3� 9.+� 8'2+� 8>89+2��

• �3)7+'8+*� 2:19/574)+88/3-� 5+7,472'3)+� </9.� 8:55479� ,47� 43+

94� 9<+1;+� � $8�

•  74)+8847� 24*:1+8� ('8+*� 43� �	@��?�  �@!�"�� �
		� � $

)./5�� </9.� 43@)./5� ,14'9/3-@54/39� )4574)+8847� ,47� ./-.+7

:3/574)+8847� /39+-+7� '3*� ,14'9/3-@54/39� 5+7,472'3)+�

•  74)+8847� 24*:1+8� 9.'9� '114<� 8/3-1+@574)+8847� '3*� *:'1@

574)+8847� )43,/-:7'9/438� 5+7� 574)+8847� 8149�� �'8>� ,/+1*�

:5-7'*+� 94� '**� '� 8+)43*� 574)+8847� 24*:1+� 94� '� 8/3-1+�

574)+8847� 24*:1+� (4'7*�

•  74)+8847� )14)0� ,7+6:+3)>� �	� ��?�� 574)+8847� 2+247>� (:8

)14)0� ,7+6:+3)>� �	� ��?�

• 
�@(>9+� /3897:)9/43� )').+� ��� )').+�� '3*� 
�@(>9+� *'9'� )').+

��� )').+�� 5+7� 24*:1+�

������������ 
����"���� 

!+1'9/;+� 94� /98� 57+*+)+8847�� 9.+� �4*+1� #�		�8� 574)+8847� (4'7*

" ��� /39+-+7� 7'9+� /8� /2574;+*� (>� '� ,')947� 4,� 
��� 9/2+8� '3*

9.+� " ��� ,14'9/3-@54/39� 7'9+� /8� /2574;+*� (>� '� ,')947� 4,� ��


9/2+8�� #.+� �4*+1� #�		�8� 574)+8847� 5+7,472'3)+� 7+1'9/;+� 94

/98� 57+*+)+8847� /8� 8.4<3� /3� 9.+� 9'(1+� (+14<�

������ ���� ������ �	�

� $� �14)0 �	� ��? �	� ��?

�:8� �14)0 �	� ��? �	� ��?

�').+� "/?+� �5+7� � $� 
�@(>9+� ��@(>9+�

�� )').+�� �� )').+��


�@(>9+� ��@(>9+�

�� )').+� �� )').+�

�*/7+)9� ��@<'>� 8+9@

2'55+*� '884)/'9/;+�

" ��/39�� ���� �49�  :(1/8.+*

" ��,5�� 
�	�� �49�  :(1/8.+*

" ��7'9+&/39��� �
� � $� ��
	 
�
�

" ��7'9+&/39��� ��� � $8� 
�	� ����

" ��7'9+&/39��� �
� � $8� �	
� 
�	


" ��7'9+&/39��� ��� � $8� 
�


 ���

" ��7'9+&/39��� �
�� � $8� ���
� ���

" ��7'9+&,5��� �
� � $� 
	
� 

�	

" ��7'9+&,5��� ��� � $8� ���� ���	

" ��7'9+&,5��� �
� � $8� 
��

 
���

" ��7'9+&,5��� ��� � $8� ���

 ���

" ��7'9+&,5��� �
�� � $8� ����	 ���

958� �49� �
	�
�� 958��

 :(1/8.+* '9� $�"��������

5+7� 958�

952� �

	��� 952�� �49�  :(1/8.+*

'9� $�"����

��

5+7� 952�

����#���� �"��"��#

#.+� �4*+1� #�		�8� 574)+8847� (4'7*� )438/898� 4,� 43+� 47� 9<4

574)+8847� 24*:1+8�� '� 8+9� 4,� 
�� 574)+8847� 2+247>� (:8� 97'38@

)+/;+78� �
� '**7+88� '3*� �� *'9'� (:8� 97'38)+/;+78��� '3� '7(/97'9/43

'3*� '**7+88� (:,,+7�� 9<4� 574)+8847� /39+7,')+� )./58�� 9<4� 8+98

4,� *:51/)'9+� 9'-� "!��8�� ���� )14)0� -+3+7'9/43� )/7):/97>�� ,4:7

43@)'7*� ;419'-+� 7+-:1'9478�� 8)'3� 14-/)� )/7):/97>�� )433+)9478�� '

57/39+*� )/7):/9� (4'7*�� '3*� 2+).'3/)'1� .'7*<'7+�� �/-�� �

8.4<8� 9.+� 574)+8847� (4'7*� .'7*<'7+� (14)0� */'-7'2�� �/-�� �

/8� '� 5.494-7'5.� 4,� '� 574)+8847� (4'7*� </9.� 9<4� 574)+8847

24*:1+8�

���������� ���!���

#.+� 574)+8847� (4'7*� /8� )+39+7+*� '74:3*� 9<4� /*+39/)'1�� 7+@

24;'(1+� 574)+8847� 24*:1+8� ('8+*� 43� 9.+� � �  �� �
		� � $

)./5�� �').� 24*:1+� )438/898� 4,� '� � $� )./5�� ��� "!��8� <./).

2'0+� :5� 9.+� 
�@(>9+� /3897:)9/43� )').+� ��� )').+�� '3*� 
�@(>9+

*'9'� )').+� ��� )').+��� '� 
�
@/3).@(>@
�
@/3).� 
�@1'>+7� 57/39+*

)/7):/9� (4'7*�� '3*� '� 
		@5/3�  @(:8� )433+)947�

�').� 574)+8847� 24*:1+� )422:3/)'9+8� </9.� /98� 574)+8847

/39+7,')+� )./5� 9.74:-.� '� �	@��?�� ��@(/9� 2:19/51+=+*� '**7+88�

*'9'� (:8� )'11+*� 9.+�  @(:8�� �').� 24*:1+� .'8� '� *+*/)'9+*

 @(:8�� #.+�  @(:8� .'8� ��� *'9'� '3*� '**7+88� 1/3+8� '3*� 
��

)439741� 1/3+8�



��� � � � � � � �:3+� 	���� �+<1+99@"')0'7*� �4:73'1

����� ��� "74)+8847� (4'7*�

47-'3/?'9/43�

P-Bus

AddressAddressData

DataAddress/Control

PA 7100
CPUD Cache

1M Bytes

PA 7100
CPU

P-Bus

I Cache

1M Bytes

D Cache

1M Bytes

I Cache

1M Bytes

Duplicate
Cache
Tags

Processor
Interface

Chip

Duplicate
Cache
Tags

Processor
Interface

Chip

Data

Address

Transceivers

Processor Memory Bus

%.+� �� )').+� '3*� �� )').+� +').� .';+� 9.+� ,4114</3-� ,+'9:7+8�

• ��@(/9� '))+88� ��� )').+� ��@(/9� *4:(1+@</*+� <47*�� �� )').+� 9<4
�
@(/9� <47*8�

• �/7+)9� 2'55+*� </9.� '� .'8.+*� '**7+88� '3*� ;/79:'1� /3*+=
• �'3*</*9.� :5� 94� 

�� �(>9+8�8
• �� '3*� �� )').+� (>5'88/3-
• "'7/9>� +7747� *+9+)9/43� /3� (49.� �� '3*� �� )').+8� �5'7/9>� +77478
/3� 9.+� �� )').+� )':8+� '� 7+,+9).� 4,� 9.+� 4,,+3*/3-� /3897:)9/43�

• �
@(>9+� )').+� 1/3+� 8/?+�

%.+� �"&� )./5� .'8� 9.+� ,4114</3-� ,+'9:7+8�

• �+;+1� 	� "�@#�$�� /251+2+39'9/43� </9.� ��@(/9� ;/79:'1�
'**7+88/3-

• �**7+88+8� :5� 94� ���
�� (>9+8� 4,� 5.>8/)'1� 2+247>
• �:19/574)+8847� )').+� )4.+7+3)>� 8:55479
• %��� �97'381'9/43� 1440'8/*+� (:,,+7�
� 	
�@+397>� :3/,/+*� /3897:)9/43� '3*� *'9'� %��

� �:11>� '884)/'9/;+� </9.�  &#� �349� :8+*� 7+)+391>��

7+51')+2+39

� ��� 5'-+� 8/?+

• �14'9/3-@54/39� )4574)+8847
� �4)'9+*� 43@)./5

� $:5+78)'1'7� 45+7'9/43

� �:19/51>�� */;/*+�� 86:'7+� 7449

� �14'9/3-@54/39� '7/9.2+9/)� 14-/)� :3/9� ����&�

• "@(:8� 8>89+2� /39+7,')+� �94� (:8� /39+7,')+� )./5�

����� ��� �4*+1� %
��� 574)+8847� (4'7*� </9.� 9<4� 574)+8847� 24*:1+8�

• $+7/'1� 8)'3� 5'9.� ,47� 9+89� '3*� *+(:-
• !5+7'9/43� ,742� *)� 94� ��� ��?
• "+7,472'3)+� /2574;+2+398
� �4'*� '3*� )1+'7� 459/2/?'9/438

� �'7*<'7+� %��� 2/88� .'3*1+7� 8:55479

� �'7*<'7+� 89'9/)� (7'3).� 57+*/)9/43

• 
��@5/3� /39+789/9/'1� 5/3@-7/*� '77'>� 5')0'-+�


���
����� 	��
����
� ����

�').� 574)+8847� /39+7,')+� )./5� 97'382/98� 97'38')9/438� (+9<++3

/98� �"&� '3*� 9.+� 7+89� 4,� 9.+� 8>89+2� �2+247>�� ��!�� '3*� 49.+7

574)+88478�� ;/'� 9.+� 574)+8847� 2+247>� (:8�� %.+� 574)+8847

/39+7,')+� )./5� ,47� +').� 574)+8847� 24*:1+� /39+7,')+8� /98� �"&

�9.74:-.� 9.+� "@(:8�� 94� 9.+� 9.+� 574)+8847� 2+247>� (:8� 97'38@

)+/;+78� '3*� 9.+� '7(/97'9/43� '3*� '**7+88� (:,,+7�� %.+� �"&�8

1/3+� 8/?+� /8� �
� (>9+8�� 84� 9.+� 574)+8847� /39+7,')+� )./5� 574;/*+8

'� ��@(/9� *'9'� /39+7,')+� 94� 9.+� 574)+8847� 2+247>� (:8� 97'38@

)+/;+78�� %.+� 9<4� 574)+8847� /39+7,')+� )./58� )422:3/)'9+

9.74:-.� 8+5'7'9+� 54798� 43� 9.+� 574)+8847� 2+247>� (:8� 97'38@

)+/;+78�� <./).� 574;/*+� 9.+� 7+6:/7+*� 2:19/51+=/3-� /39+73'11>�

�').� 574)+8847� /39+7,')+� )./5� '184� )439'/38� '3� /39+7,')+� 9.'9

'114<8� /9� 94� )422:3/)'9+� </9.� 8+1,@9+89�� 574)+8847� *+5+3*+39

)4*+� �(449� '3*� +7747� )4*+��� '3*� 574)+8847� *+5+3*+39� .'7*@

<'7+� �9/2+@4,@*'>� )14)0�� +9)��� 43� 9.+� 8+7;/)+� 574)+8847

(4'7*�� %.+� 574)+8847� /39+7,')+� )./5� /8� /251+2+39+*� /3� �"�8

���@2/)742+9+7� ��!$� 574)+88� '3*� /8� .4:8+*� /3� '� ���@5/3

5/3@-7/*� '77'>� 5')0'-+�

%.+� 574)+8847� /39+7,')+� )./5� .'8� 9<4� ,+'9:7+8� 94� +3.'3)+� 9.+

2:19/574)+8847� 5+7,472'3)+� 4,� 9.+� 8>89+2�� *:51/)'9+� *'9'

)').+� 9'-8� '3*� )4.+7+39� <7/9+� (:,,+78�� %.+� )4.+7+39� (:,,+78

8:55479� 9.+� 574)+8847� 2+247>� (:8�8� 2:19/574)+8847� /251+@

2+39'9/43� 4,� )').+� )4.+7+3)+� 57494)41�

Duplicate Data Cache Tags. � %.+� /39+7,')+� )./5� 2'/39'/38� /98
4<3� *:51/)'9+� )45>� 4,� 9.+� �"&�8� *'9'� )').+� 9'-8� /3� 4,,@)./5

$#��8�� %.+� 9'-8� )439'/3� 9.+� 7+'1� '**7+88� 4,� +').� )').+� 1/3+

'3*� 9.+� ;'1/*� '3*� 57/;'9+� (/98� �(:9� 349� 9.+� */79>� (/9��� %.+

*:51/)'9+� )').+� 9'-8� '7+� 0+59� )438/89+39� </9.� 9.+� �"&�8� *'9'

)').+� 9'-8� ('8+*� 431>� 43� 9.+� 97'38')9/438� 9.74:-.� 9.+� /39+7@

,')+� )./5�� %.+� *:51/)'9+� 9'-8� '114<� 9.+� /39+7,')+� )./5� 94� 8/-@

3'1� 9.+� 89'9:8� 4,� '� )').+� 1/3+� *:7/3-� '� )4.+7+39� 97'38')9/43

</9.4:9� 6:+7>/3-� 9.+� 574)+8847� �<./).� <4:1*� 7+6:/7+� '� 5'/7

4,� 97'38')9/438� 43� 9.+� "@(:8��� �+'8:7+2+398� �:8/3-� 9.+� 574@

)+8847� /39+7,')+� )./5�8� (:/19@/3� 5+7,472'3)+� )4:39+78�� ,47� '



�82*� ���
� �*:0*77> &(/&5)� �3852&0� � � � � � � ��

ÏÏÏÏÏÏÏÏ
ÏÏÏÏÏÏÏÏ

����� ���� �&7&� 6-&5.2,� .2� &� 1807.453(*6635� �3)*0� ��
� 6<67*1� &6

1*&685*)� '<� 5*68076� 3+� (&(-*� (3-*5*2(<� (-*(/6	

ÎÎÎÎÎÎÎÎ
ÎÎÎÎÎÎÎÎ

1 2 3 4 5 6

10

20

30

50

40

60

70

80

90

100

Miss

Shared

Private
Clean

Private Dirty

Number of Processors

Pe
rc

en
t o

f C
oh

er
en

cy
 C

he
ck

s

:.)*� 9&5.*7<� 3+� '*2(-1&5/6� 6-3:� 7-&7� +35� �
� 73� �
� 4*5(*27

3+� (3-*5*27� 75&26&(7.326�� 7-*� (&(-*� 0.2*� .6� 237� 45*6*27� .2� &

7-.5)>4&57<� � #�6� )&7&� (&(-*�� &6� 6-3:2� .2� �.,	� �
	� "-*� )840.>

(&7*� 7&,6� .2(5*&6*� 6<67*1� 4*5+351&2(*� 73� 9&5<.2,� )*,5**6� +35

).++*5*27� :35/03&)6	� �*&685*1*276� 32� &� +385>453(*6635� 6<6>

7*1� 6-3:� )840.(&7*� 7&,6� .2(5*&6*� 6<67*1� 7-538,-487� '<� ��

+35� &� � #>.27*26.9*� :35/03&)� &2)� ���� +35� &� 1807.7&6/.2,

:35/03&)	

Coherent Write Buffers.� "3� .630&7*� 7-*� � #� +531� 75&++.(� 32� 7-*
'86�� 7-*� .27*5+&(*� (-.4� (327&.26� &� 6*7� 3+� +.9*� (&(-*� 0.2*� :5.7*

'8++*56	� "-*� '8++*56� &5*� &55&2,*)� &6� &� (.5(80&5� ����� 1*135<

:.7-� 5&2)31� &((*66	� �+� 7-*� � #� :5.7*6� &� 0.2*� 73� 1*135<�� 7-*

.27*5+&(*� (-.4� 6735*6� 7-*� 0.2*� .2� 32*� 3+� .76� '8++*56� 827.0� .7� (&2

:.2� &5'.75&7.32� 73� :5.7*� 7-*� 0.2*� 73� 1*135<	� %-.0*� 7-*� 0.2*� .6

.2� &� '8++*5�� .7� .6� (326.)*5*)� 4&57� 3+� 7-*� � #�6� (&(-*)� )&7&

+531� 7-*� 6<67*1� '86� 43.27� 3+� 9.*:� &2)� 4&57.(.4&7*6� .2� (3-*5>

*2(*� (-*(/.2,� 32� 7-*� '86	� "-*6*� '8++*56� &5*� &063� 86*)� +35

7*1435&5<� 6735&,*� 3+� )&7&� 6*27� +531� 7-*� (&(-*� &6� &� 5*6807� 3+

&� (3-*5*2(<� (-*(/� 7-&7� -.76� &� ).57<� (&(-*� 0.2*	� �<� -&9.2,

1&2<� '8++*56�� 7-*� .27*5+&(*� (-.4� .6� &'0*� 73� -&2)0*� 1807.40*

38767&2).2,� (3-*5*2(<� (-*(/6	

��������

"-*�  �� ��

� 4.4*0.2*� .6� &� +.9*>67&,*� 4.4*0.2*	� �2*� &2)� &� -&0+

67&,*6� &5*� &663(.&7*)� :.7-� .26758(7.32� +*7(-.2,� &2)� 7-5**� &2)� &

-&0+� 67&,*6� &5*� &663(.&7*)� :.7-� .26758(7.32� *;*(87.32	� "-*�  �

��

� &063� -&6� 7-*� &'.0.7<� 73� .668*� &2)� *;*(87*� +03&7.2,>43.27

.26758(7.326� .2� 4&5&00*0� :.7-� .27*,*5� .26758(7.326	� �.,	� ��� 6-3:6

7-*� � #� 4.4*0.2*	

����� ���� � #� 4.4*0.2*	

B

1

IF

1 2 2 1

A

1 2 2 1

R

2

B

1

IF

1 2 2 1

A

1 2 2 1

R

2

B

1

IF

1 2 2 1

A

1 2 2 1

R

2

Stage

CK

�26758(7.32� +*7(-� 67&576� .2� CK1� 3+� 67&,*� F � &2)� *2)6� .2� CK1� 3+
67&,*� I	� �35� '5&2(-� 45*).(7.32�� 7-*� '5&2(-� &))5*66� .6� (&0(8>
0&7*)� .2� CK1� 3+� I� &2)� (3140*7*6� '<� 7-*� *2)� 3+� CK2� 3+� I	� "-.6
&))5*66� .6� .668*)� 73� 7-*� �� (&(-*	

�531� CK2� 3+� I� 73� CK1� 3+� B�� 7-*� .26758(7.32� .6� )*(3)*)�� 34*5>
&2)6� &5*� +*7(-*)�� &2)� 7-*� ��#� &2)� !�#� �6-.+7� 1*5,*� 82.7�

453)8(*� 7-*.5� 5*68076	� "-*� )&7&� (&(-*� &))5*66� .6� ,*2*5&7*)� '<

7-*� ��#� '<� 7-*� *2)� 3+� CK1� 3+� B	� �35� '5&2(-� 45*).(7.32�� 7-*
'5&2(-� &))5*66� .6� (&0(80&7*)� .2� CK1� 3+� B� &2)� (3140*7*6� '<
7-*� *2)� 3+� CK2� 3+� B	

�&7&� (&(-*� 5*&)6� 67&57� .2� CK2� 3+� B� &2)� *2)� .2� CK2� 3+� A	� �3&)
.26758(7.326� &2)� 68':35)� 6735*� .26758(7.326� 5*&)� 7-*� )&7&

4357.32� 3+� 7-*� �� (&(-*� )85.2,� 7-.6� 67&,*	� �35� &00� 03&)� &2)

6735*� .26758(7.326� 7-*� 7&,� 4357.32� 3+� 7-*� �� (&(-*� .6� 5*&)� )85>

.2,� 7-.6� 67&,*	� "-*� 7&,� 4357.32� 3+� 7-*� �� (&(-*� .6� &))5*66*)

.2)*4*2)*270<� +531� 7-*� )&7&� 4357.32� 3+� 7-*� �� (&(-*� 63� 7-&7

7&,� 5*&)6� (&2� 3((85� (32(855*270<� :.7-� &� )&7&� :5.7*� +35� 7-*� 0&67

6735*� .26758(7.32	� �5&2(-� (32).7.32� *9&08&7.32� .6� (3140*7*)

'<� 7-*� *2)� 3+� CK2� 3+� B	

"-*�  �� ��

� � #� 1&.27&.26� &� 6735*� '8++*5� :-.(-� .6� 6*7� 32

7-*� (<(0*� &+7*5� CK2� 3+� A� 3+� *&(-� 6735*� �3+7*2� CK2� 3+� R�	� �*2>
*5&0� 5*,.67*56� &5*� 6*7� .2� CK2� 3+� R	� "-*� 6735*� '8++*5� (&2� '*
:5.77*2� 73� 7-*� �� (&(-*� 67&57.2,� 32� CK2� 3+� R� &2)� (327.28.2,
+35� &� 737&0� 3+� 7:3� (<(0*6	� "-*� 6735*� '8++*5� .6� 320<� :5.77*2� 32

CK2� 3+� R� :-*2� 32*� 3+� 7-*� 2*;7� .26758(7.326� .6� &� 6735*� .26758(>
7.32	� %-*2*9*5� 7-*� 2*;7� 6735*� .26758(7.32� .6� *2(3827*5*)�� 7-*

6735*� '8++*5� :.00� '*� :5.77*2� 387� 73� 7-*� (&(-*	

������ 	����
����

"-*� (03(/� ,*2*5&7.32� (.5(8.75<� 4539.)*6� �
>��=� &2)� �
>��=

).++*5*27.&0� (03(/� 6.,2&06� 73� 7-*� 453(*6635� 1*135<� '86� .27*5>

+&(*� 43576� &2)� 7-*� 453(*6635� 13)80*6�� 5*64*(7.9*0<	� "-*

�3)*0� "�

�6� 453(*6635� '3&5)� 86*6� &� -<'5.)� 4-&6*>03(/*)

0334� (31432*27� )*9*034*)� *64*(.&00<� +35� 7-*� �3)*0� "�

	

"-*� 4-&6*>03(/*)� 0334� ,*2*5&7*6� &� 6<2(-532.=*)� �
>��=

453(*6635� (03(/� 6.,2&0� +531� 7-*� �
>��=� 453(*6635� 1*135<

'86� (03(/	� �03(/� ).675.'87.32� .6� '<� ).++*5*27.&0� ���� '8++*56

:.7-� 68440.*6� 3+� ��	
$� &2)� ��	�$	� "-*� 86*� 3+� 3++6*7� 68440.*6

+35� 7-*� ���� &003:6� 347.1&0� 7*51.2&7.32� :.7-� 7-*� �
>3-1� 7*5>

1.2&7.32� 5*6.67356� 7.*)� ).5*(70<� 73� ,5382)�� &2)� &003:6� (03(/

6.,2&0� 0*9*06� 73� '*� (314&7.'0*� :.7-� 7-*� ���!� (03(/� 5*(*.9*56	

"-*5*� .6� 23� 6<67*1� 6844357� +35� -&07.2,� (03(/6�� 35� +35� 6.2,0*>

67*44.2,� 35� 2>67*44.2,� (03(/6	� "-*� 6(&2� 73306� )3�� -3:*9*5�

&003:� -&07.2,� (03(/6� :.7-.2� *&(-� 3+� 7-*� 6(&22&'0*� $�!�� (-.46	

��
�� ���������

"-*� 453(*6635� '3&5)�6� 6(&2� (.5(8.75<� .27*5+&(*6� 73� 7-*� 6*59.(*

453(*6635�6� +385>0.2*� 6*5.&0� 6(&2� 4357� &2)� *2&'0*6� 7-*� 86*5�

9.&� 7-*� 6*59.(*� 453(*6635�� 73� 6(&2� 7*67� *&(-� 3+� 7-*� $�!�� (-.46

&2)� 75&26(*.9*5� ,53846� 6*0*(7.9*0<	� "-*� &5'.75&7.32� &2)� &)>

)5*66� '8++*5� (-.4� (&2� '*� 6(&22*)� .2)*4*2)*270<�� :-*5*&6� 7-*

&))5*66� �
�� &2)� )&7&� ���� '86� 75&26(*.9*56� &5*� (-&.2*)	� "-.6

6(&2� +*&785*� .6� 86*)� &6� &� +&807� &2&0<6.6� 7330� .2� 1&28+&(785.2,	

�������� �������� ��
��� 
��� 
���
���
�

"-*� 453(*6635� '3&5)� 86*6� &� ��>0&<*5� (326758(7.32� &2)� -&6� &2

&4453;.1&7*� 39*5&00� 7-.(/2*66� 3+� 
	
��� .2(-	� �132,� 7-*� ��

0&<*56� &5*� 6.;� 6.,2&0� 0&<*56�� 7-5**� ,5382)� 0&<*56�� &2)� 7-5**

9307&,*� 40&2*� 0&<*56	� �<&2&7*� *67*5� ).*0*(75.(� 1&7*5.&0� .6� 86*)



��� � � � � � � �4-$� ����� �$6+$33:� "* 1#� �.41- +

��
�� ���� �.#$+� ����� ����

24!2823$,�

CPU CPU Memory Memory

Processor Memory Bus

Processor
Memory

Bus
Converter

Processor
Memory

Bus
Converter

Processor
Memory

Bus
Converter

Processor
Memory

Bus
Converter

HP-PB
Bus

Converter

HP-PB
Expansion

Module

HP-PB
Bus

Converter

HP-PB
Expansion

Module

HP-PB
Bus

Converter

HP-PB
Expansion

Module

HP-PB
Bus

Converter

HP-PB
Expansion

Module

HP-PB
Bus

Converter

HP-PB
Expansion

Module

HP-PB
Bus

Converter

HP-PB
Expansion

Module

HP-PB
Bus

Converter

HP-PB
Expansion

Module

HP-PB
Bus

Converter

HP-PB
Expansion

Module

%.1� (32� % 23$1� 2(&- +� /1./ & 3(.-� 2/$$#� .5$1� ��:�� , 3$1( +�  -#

(32�  !(+(38� 3.�  "'($5$� 1$#4"$#� !. 1#� 3'("*-$22� %.1�  � &(5$-

31 "$� (,/$# -"$�� �'$� -.,(- +� 2(&- +� 31 "$� (,/$# -"$� (2� ��

.',2� %.1�  ++� '(&':2/$$#� 2(&- +� -$32�

�5$18�  33$,/3� 6 2� , #$� 3.� *$$/� '(&':2/$$#� 2(&- +� 31 "$2

"+.2$+8� ".4/+$#� 3.�  � -$(&'!.1(-&� &1.4-#� + 8$1� 3.� ,(-(,(9$

2(&- +� /$1341! 3(.-2�  -#� ����� �8/ 22� " / "(3.12�  1$� #(231(!:

43$#� +(!$1 ++8�  "1.22� 3'$� !. 1#� 3.� 24//1$22� '(&':%1$04$-"8

-.(2$�� ���� #$".4/+(-&� 3$"'-(04$2� ".-2(23$-3� 6(3'� 3'$� .3'$1

�.#$+� ����� !. 1#2�  1$� 42$#� 3.� #(1$"3� ".,,.-:,.#$� -.(2$

3.� "' 22(2� &1.4-#�

�'$� #(,$-2(.-2� .%� 3'$� /1."$22.1� !. 1#�  1$� �
���� (-"'$2� !8

��
�� (-"'$2�� �'$� 36.� /1."$22.1� ,.#4+$2� $73$-#� !$8.-#� 3'$

��
�:(-"'� #(,$-2(.-� !8�  //1.7(, 3$+8� 
�	�� (-"'$2�  -#�  1$

24//.13$#� !8�  � 2'$$3:,$3 +� $73$-#$1� 6'("'� $%%$"3(5$+8

, *$2� 3'$� !. 1#�  22$,!+8� ��� (-"'$2� #$$/�� �'$� ,.#4+$2�  1$

,.4-3$#� / 1 ++$+� 3.� 3'$� /1."$22.1� !. 1#�  -#� 3'$� 2'$$3:,$3 +

$73$-#$1�  -#�  1$� 2$"41$#� !8� 2"1$62�  -#� 23 -#.%%2�� �'$

2'$$3:,$3 +� $73$-#$1�  +2.� ' 2�  � ! %%+$� 6'("'� #(1$"32� %.1"$#

 (1�  "1.22� 3'$� ,.#4+$2� %.1� (-"1$ 2$#� "..+(-&�

������	������ 
��������

�'$� ��� ����� �.#$+� ����� 1$/1$2$-32�  � , ).1�  #5 -"$� (-� 3'$

 1$ 2� .%� '(&'� ���� 3'1.4&'/43�  -#� '(&'+8� 2" + !+$� ".--$"3(5:

(38�� �'$� �.#$+� ����� 2823$,� /1.5(#$2� + 1&$�  &&1$& 3$� ���

3'1.4&'/43� 3'1.4&'� 3'$� 1$/+(" 3(.-� .%� (-/43�.43/43� !42$2

6(3'� + 1&$� 2+.3� ".4-32�� �'$2$� ���� !42$2�  1$�  11 -&$#� (-�  

36.:+$5$+� 31$$�� �� !42� ".-5$13$1� 24!2823$,� ".--$"32� 3'$� /1.:

"$22.1� ,$,.18� !42� .%� 3'$� �.#$+� ����� 2823$,� 6(3'� 3'$

�$6+$33:� "* 1#� /1$"(2(.-� !42� ���:���� ���� !42$2��  2� 2'.6-

(-� �(&�� �	�� �'$� !42� ".-5$13$1� 24!2823$,� ".-2(232� .%�  � /1."$2:

2.1� ,$,.18� !42� ".-5$13$1��  � !42� ".-5$13$1� +(-*� �2$$� �(&�� �
��

 -#�  -� ��:��� !42� ".-5$13$1�� �3� 31 -2+ 3$2� 3'$� +.&(" +� /1.3.".+

 -#� $+$"31(" +� 2(&- +(-&� .%� # 3 � 31 -2%$12� !$36$$-� 3'$� /1."$2:

2.1� ,$,.18� !42�  -#� 3'$� ���� " 1#2� .-� 3'$� ��:��� !42�

�'$� ���� 24!2823$,� &4 1 -3$$2� # 3 � (-3$&1(38�  -#� /1.5(#$2

'(&'� 1$+( !(+(38� 3'1.4&'� / 1(38� /1.3$"3(.-� .%�  ++� # 3 �  -#

31 -2 "3(.-2�  -#� 3'1.4&'� 3'$� ' 1#6 1$� " / !(+(38� .%� .-+(-$

1$/+ "$ !+$� " 1#2�

�'$� !42� ".-5$13$1� 24!2823$,� (2� 31 -2/ 1$-3� 3.� 2.%36 1$

4-#$1� -.1, +� ./$1 3(-&� ".-#(3(.-2�� � "'� ���� ,.#4+$� .-�  -

��:��� !42� (-� 3'$� 2823$,� (2�  22(&-$#�  � 1 -&$� .%� /'82(" +

,$,.18�  ##1$22$2�� ���� ,.#4+$2�  //$ 1� 3.� 2.%36 1$�  2� 2$32

.%� 1$&(23$12�

�++� ,.#4+$2� " -� !$� ���� " / !+$�  -#� &$-$1 ++8� (,/+$,$-3

2" 33$1�& 3'$1� ���� ".-31.++$12�� �'$2$� 2" 33$1�& 3'$1� ���

".-31.++$12�  ++.6� 5(134 ++8� ".-3(&4.42� # 3 � +." 3$#� (-� /'82(:

" ++8� -.-".-3(&4.42� / &$2� 3.� !$� 31 -2%$11$#� 6(3'� ,(-(, +

����  22(23 -"$�� �� "' (-� .%� ���� ".,, -#2� (2� 61(33$-� (-3.

,$,.18� !8� 3'$� /1."$22.1�� �'$� ���� " 1#� (2� -.3(%($#� .%� 3'$

+." 3(.-� .%� 3'$� "' (-�  -#� 3' 3� (3� (2� 1$ #8� %.1� 42$�� �'$� ���

" 1#� 3'$-� 42$2� 3'$� 2" 33$1�& 3'$1� ���� ".-31.++$1� 3.� %.++.6

3'$� "' (-�  -#� $7$"43$� 3'$� ".,, -#2�� �-� 3'(2� , --$1� 3'$

���� " 1#� " -� 61(3$� # 3 � �2" 33$1�� 3.� #(%%$1$-3� /'82(" +� / &$2

#41(-&� 3'$� 2 ,$� ���� ./$1 3(.-�� �'$� ���� " 1#� " -�  +2.� 1$ #

# 3 � �& 3'$1�� %1.,� #(%%$1$-3� /'82(" +� / &$2� #41(-&� 3'$� 2 ,$

���� ./$1 3(.-�� �'$-� 3'$� ���� " 1#� %(-(2'$2�  ++� .%� 3'$� ".,:

, -#2� (-� 3'$� "' (-�� (3� -.3(%($2� 3'$� /1."$22.1�� 424 ++8� 3'1.4&'

 -� (-3$114/3�

�'$� /1."$22.1� ,$,.18� !42� ".-5$13$1� (2�  � #4 +� !42� ".-5$13$1

3' 3� ".--$"32� 3.� 36.� ��:��� !42$2� 3'1.4&'�  � / (1� .%� " !+$2

 -#� 3'$� ��:��� !42� ".-5$13$1�� �'$� ��:��� !42� ".-5$13$1� (2

/+4&&$#� (-3.�  � 2+.3� (-�  -� ��:��� $7/ -2(.-� ,.#4+$�  -#� /1.:

5(#$2� 3'$� "$-31 +� ��:��� !42� 1$2.41"$2� .%�  1!(31 3(.-�� "+."*

&$-$1 3(.-��  -#� .-+(-$� 1$/+ "$,$-3� 2(&- +2� (-�  ##(3(.-� 3.� 3'$

".--$"3(.-� 3.� 3'$� /1."$22.1� ,$,.18� !42�



�:3+� 
��
� �+<1+99@ ')0'7*� �4:73'1� � � � � � � ��

����� ���� �+9'/1� 4,� �4*+1� "�		� ���� 8:(8>89+2�

Processor
Memory
Bus
Converter

Processor
Memory

Bus
Converter

HP-PB
Bus

Converter

HP-PB
Expansion

Module

To Processor Memory Bus

Processor Memory Bus
Interface

Upper
Bus

Converter

Upper
Bus

Converter

Link
Logic

Link
Logic

Link
Logic

Lower
Bus

Converter

Lower
Bus

Functions

HP-PB
Bus
Converter

HP-PB
Expansion
Module

HP-PB
I/O Card

HP-PB
I/O Card

Up to 14
Cards

HP-PB Bus

Link Cables

See Fig. 12

�').� � @ �� +=5'38/43� 24*:1+� /8� '� 
�@/3).� 7')0@24:39'(1+

'88+2(1>� 9.'9� )433+)98� '3>� )42(/3'9/43� 4,� :5� 94� 

� 8/3-1+@

.+/-.9� 47� �� *4:(1+@.+/-.9� )'7*8� 94� 9.+� � @ �� (:8�� �� �4*+1

"�		� 8:554798� )433+)9/43� 4,� 

�� 8/3-1+@.+/-.9� � @ �� )'7*8�

�').� � @ �� (:8� /8� '� ��@(/9� 2:19/51+=+*� '**7+88� '3*� *'9'� (:8

</9.� (>9+@</8+� 5'7/9>� 5749+)9/43� '3*� '**/9/43'1� 5'7/9>� 5749+)@

9/43� ')7488� 9.+� )439741� 8/-3'18�� ".+� ,7+6:+3)>� 4,� 45+7'9/43� /8

,/=+*� '9� �� ��?�� 1+'*/3-� 94� '� 5+'0� ('3*</*9.� 4,� ��� �(>9+8�8�

".+� '--7+-'9+� ���� 7'9+� ,47� 9.+� �4*+1� "�		� 8>89+2� /8� 9.:8

���� �(>9+8�8�

".+� � @ �� ���� ,:3)9/43� )'7*8� /3)1:*+� !�!��� ,'89�</*+� !�!��

����� �*4:(1>� )433+)9+*��� �9.+73+9� ����� 940+3� 7/3-� ����

� @��� ,/(+7@1/30� */80� )433+)9�� ����� 
��� ����� ������ &���� '3*

49.+7� %��� )433+)98�� 9+72/3'1� 2:19/51+=+7� )'7*8�� '3*� 49.+7

���� ,:3)9/438�� #8/3-� � @��� )'7*8� '3*� � � ����	�� */80� '77'>8�

9.+� )47547'9+� (:8/3+88� 8+7;+7� .'7*<'7+� )'3� 8:55479� 4;+7� 
��

9+7'(>9+8� 4,� */80� 8947'-+� 43� 4;+7� 
			� */80� 85/3*1+8�

���
������ ������� ���� ���������

".+� �4*+1� "�		� '))+598� :5� 94� ,4:7� 574)+8847� 2+247>� (:8

)43;+79+78� 51:--+*� /394� 9.+� 574)+8847� 2+247>� (:8� (')0@

51'3+�� �').� 574)+8847� 2+247>� (:8� )43;+79+7� )438/898� 4,� 9<4

14-/)'11>� 8+5'7'9+� :55+7� (:8� )43;+79+7� 24*:1+8� 8.'7/3-� '

8/3-1+� (:8� /39+7,')+� �8++� �/-�� 
���� "./8� 7+*:)+8� 9.+� +1+)97/)'1

14'*/3-� 43� 9.+� 574)+8847� 2+247>� (:8� <./1+� 574;/*/3-� 9.+

3+)+88'7>� ,'34:9� ,47� '� ./-.@)433+)9/;/9>� ���� 8:(8>89+2�

".+� 574)+8847� 2+247>� (:8� )43;+79+7� 574;/*+8� 7+84:7)+@

*7/;+3� '7(/97'9/43� '3*� 97'38')9/43� 89++7/3-� 43� 9.+� 574)+8847

2+247>� (:8� ,47� 97'38')9/438� /3;41;/3-� 9.+� ���� 8:(8>89+2�

".+� 574)+8847� 2+247>� (:8� )43;+79+7� 574;/*+8� '� 2'=/2:2

('3*</*9.� 4,� ��� �(>9+8�8�� "7'38')9/438� 9.74:-.� 9.+� 574)+8@

847� 2+247>� (:8� )43;+79+7� '7+� 5'7/9>� 5749+)9+*�� '3*� +7747

)477+)9/3-� )4*+� /8� -+3+7'9+*� '3*� ).+)0+*� '9� 9.+� 574)+8847

2+247>� (:8� /39+7,')+� 94� -:'7'39++� *'9'� '3*� 97'38')9/43

/39+-7/9>�

".+� :55+7� (:8� )43;+79+7� 24*:1+8� '7+� /251+2+39+*� /3� ):8@

942� ���!��� $�!�� )./58� /3� 
	�@5/3� 5/3@-7/*� '77'>� 5')0'-+8�

".+>� '7(/97'9+� </9.� +').� 49.+7� ,47� 9.+� 574)+8847� 2+247>� (:8

/39+7,')+� )./58� 43� 9.+� 574)+8847� 2+247>� (:8� 8/*+� '3*� /2@

51+2+39� 9.+� (:8� )43;+79+7� 1/30� 57494)41� 43� 9.+� 1/30� 8/*+�

".+� 574)+8847� 2+247>� (:8� /39+7,')+� )438/898� 4,� 
�� (:8

97'38)+/;+7� )./58� �+/-.9� *'9'� '3*� ,4:7� '**7+88�� '3*� '3� '7@

(/97'9/43� '3*� '**7+88� (:,,+7� )./5�� ".+8+� )./58� '7+� :8+*� /3� '

9<4@24*:1+� 24*+�� ".+� *'9'� (:8� 97'38)+/;+78� *7/;+� /3*+5+3@

*+39� (/*/7+)9/43'1� *'9'� (:8+8� 94� 9.+� 9<4� :55+7� (:8� )43;+79+7

24*:1+� )./58�� ".+� '**7+88� (:8� 97'38)+/;+78� *7/;+� '� 8/3-1+

:3/*/7+)9/43'1� '**7+88� 94� (49.� (:8� )43;+79+7� )./58�� (:9� 7+@

)+/;+� /3*+5+3*+39� '**7+88� (:8+8� ,742� 9.+� 9<4� :55+7� (:8

)43;+79+7� )./58�

".+� 574)+8847� 2+247>� (:8� )43;+79+7� '184� 574;/*+8� */8)7+9+

/3*:897>@89'3*'7*� 14-/)� 94� 97'381'9+� 9.+� (:8� )43;+79+7� 1/30

8/-3'18� (+9<++3� 9.+� ���!� 1+;+18� 4,� 9.+� :55+7� (:8� )43;+79+7

)./5� '3*� 9.+� ��$� ���� 1+;+18� 4,� 9.+� 1/30� )'(1+�

���� ���������� 
���

�').� 4,� 9.+� 9<4� :55+7� (:8� )43;+79+7� 24*:1+8� )433+)98

9.74:-.� 9<4� )'(1+8� 94� '� 14<+7� (:8� )43;+79+7� 24*:1+�� 9.+

� @ �� (:8� )43;+79+7� �8++� �/-�� 
���� �').� )'(1+� /8� '� ./-.@

5+7,472'3)+� �	@)43*:)947� ,1'9� 7/((43� /38:1'9/43� */851')+@

2+39� )433+)947� )'(1+� <./).� '114<8� 9.+� 14<+7� (:8� )43;+79+7

24*:1+� '3*� 9.+� � @ �� +=5'38/43� 24*:1+� 94� (+� 14)'9+*� :5

94� 
	� 2+9+78� '<'>�� ".+8+� )'(1+8� '3*� 9.+� 57494)41� 9.'9� /8

:8+*� 43� 9.+2� 2'0+� :5� 9.+� (:8� )43;+79+7� 1/30�

".+� (:8� )43;+79+7� 1/30� 57494)41� /8� '� 57457/+9'7>� 57494)41

'114</3-� 5/5+1/3/3-� 4,� 9<4� 97'38')9/438� </9.� 548/9/;+� ')@

034<1+*-2+39�� ".+� 8/-3'18� '7+� 54/39@94@54/39� ��$� ���� */,@

,+7+39/'1� 8/-3'18�� 9<4� (>9+8� </*+� '3*� 5'7/9>� 5749+)9+*�� ".+

89'9:8� /3,472'9/43� ,742� 9.+� 45548/9+� (:8� )43;+79+7� 24*:1+

/8� +2(+**+*� /3� 9.+� 1/30� 57494)41�� ".+� 8/-3'1/3-� 7'9+� ')7488

9.+� (:8� )43;+79+7� 1/30� /8� 43+@.'1,� 9.+� 574)+8847� 2+247>� (:8

,7+6:+3)>� 47� �	� ��?� /3� 9.+� �4*+1� "�		� 8>89+2�� ".+� 5+'0

(:8� )43;+79+7� 1/30� ('3*</*9.� /8� 9.+7+,47+� �	� �(>9+8�8� </9.

'3� ';+7'-+� 57494)41� 4;+7.+'*� 4,� 
	��� ".+� '**7+88� 4;+7.+'*

/8� 43� 9.+� 47*+7� 4,� �	�� 1+';/3-� '3� ';+7'-+� *'9'� 97'38,+7� 7'9+

4,� 
�� �(>9+8�8�

	����� ���� ���������

".+� � @ �� (:8� )43;+79+7� )433+)98� 9.+� (:8� )43;+79+7� 1/30� 94

9.+� � @ �� (:8� /3� 9.+� � @ �� +=5'38/43� 24*:1+�� �3� '**/9/43

94� 9.+� (:8� )43;+79+7� ,:3)9/438�� 9.+� � @ �� (:8� )43;+79+7� 574@

;/*+8� 9.+� )+397'1� 7+84:7)+8� ,47� 9.+� � @ �� (:8� 94� <./).� /9

)433+)98�� /3)1:*/3-� (:8� )14)0� -+3+7'9/43�� '7(/97'9/43� 14-/)

'3*� 431/3+� 7+51')+2+39� 54<+7@43� 8/-3'18�� ".+� (:8� )14)0� -+3@

+7'9/43� '3*� '7(/97'9/43� '7+� 5+7,472+*� (>� */8)7+9+� /3*:897>@

89'3*'7*� )42543+398� 43� 9.+� (4'7*�� ".+� � @ �� (:8� )43;+79+7

,:3)9/438� '7+� /251+2+39+*� /3� '� ):8942� ���!��� )./5� /3� '



��� � � � � � � �92)� 
��
� �);0)88> %'/%6(� �3962%0

����� ���� !4)'90%8-:)� 46)*)8',�

Read
 Data

Processor Memory Bus
Data (60 MHz)

Processor Memory Bus
Address (60 MHz)

Downbound Link
(30 MHz)

Upbound Link
(30 MHz)

HP-PB
(8 MHz)

Read Request 1
Busied—No Data

Read Request 1
Data Returned

Read Request 2
Data Returned

Transactions from
Other HP-PB Cards

1 2

1 2

1 2

1 2

3 4

3

3

3 4

4

Time

Memory and Bus
Converter Latency

No Memory or Bus
Converter Latency
Because of Data
Availability from

Prefetch

Re
ad

 R
eq

ue
st

 1
 B

us
ie

d—
Da

ta
 N

ot
 R

ea
dy

Re
ad

 R
eq

ue
st

 1
 F

or
w

ar
de

d 
to

 L
in

k
Pr

ef
et

ch
 R

eq
ue

st
 2

 G
en

er
at

ed
 fr

om

Da
ta

 R
ea

dy
 fo

r R
ea

d 
Re

qu
es

t 1

Da
ta

 R
et

ur
ne

d 
fo

r R
ea

d 
Re

qu
es

t 1
Pr

ef
et

ch
 R

eq
ue

st
 3

 G
en

er
at

ed
 w

he
n

Da
ta

 R
et

ur
ne

d 
fo

r R
ea

d 
Re

qu
es

t 1

Da
ta

 R
et

ur
ne

d 
fo

r R
ea

d 
Re

qu
es

t 2
Pr

ef
et

ch
 R

eq
ue

st
 4

 G
en

er
at

ed
 w

he
n

Da
ta

 R
et

ur
ne

d 
fo

r R
ea

d 
Re

qu
es

t 2

Da
ta

 R
et

ur
ne

d 
fo

r R
ea

d 
Re

qu
es

t 3

In
iti

al
 R

eq
ue

st

���>4-2� 4-2>+6-(� %66%=� 4%'/%+)�� �0)'86-'%0� 7-+2%0� 0):)0� 86%270%>

8-32� &)8;))2� 8,)� ���!� 3*� 8,)� 03;)6� &97� '32:)68)6� ',-4� %2(

8,)� ��#� ���� 3*� 8,)� 0-2/� '%&0)� -7� 4)6*361)(� 97-2+� 8,)� 7%1)

(-7'6)8)� -2(9786=>78%2(%6(� '31432)287� %7� %6)� 97)(� 32� 8,)

463')7736� 1)136=� &97� '32:)68)6�� ",)� � > �� &97� '32:)68)6

%'87� %7� %� '32')286%836� *36� 8,)� ���� 86%**-'� *631� 8,)� � > �

'%6(7� &392(� *36� 8,)� 7=78)1� 1)136=� 36� 8,)� 463')77367�

",)� � > �� &97� '32:)68)6� -140)1)287� %� 74)'90%8-:)� 46)*)8',

*36� ���� 6)%(7� 3*� 1)136=� &=� � > �� '%6(7� �(%8%� 86%27*)66)(

*631� 1)136=� 83� %2� ���� ():-')� 92()6� 8,)� ���� '%6(�7� '328630��

",-7� 463:-()7� +6)%8)6� 4)6*361%2')� &=� 3**7)88-2+� 8,)� 86%27%'>

8-32� %2(� 1)136=� 0%8)2'=�� ",)� 46)*)8',� %0+36-8,1� %0;%=7� ,%7

8;3� 6)%(� 6)59)787� -2� 8,)� 86%27%'8-32� 4-4)0-2)� 83� 1)136=� �7))

�-+�� 

��� $,)2� %� 6)%(� 86%27%'8-32� 83� 1)136=� -7� %'')48)(� *36

*36;%6(-2+� &=� 8,)� � > �� &97� '32:)68)6�� -8� *36;%6(7� 8,)� *-678

6)%(� %2(� 8,)2� -779)7� %� 7)'32(� 6)%(� 6)59)78� ;-8,� 8,)� %((6)77

-2'6)1)28)(� &=� 8,)� 0)2+8,� 3*� 8,)� 36-+-2%0� 6)%(� 86%27%'8-32�

�7� 8,)� (%8%� -7� 6)8962)(� 83� 8,)� 6)59)78)6�� %� 2);� 6)%(� 86%27%'>

8-32� ;-8,� 8,)� %((6)77� -2'6)1)28)(� &=� 8;-')� 8,)� 0)2+8,� 3*� 8,)

86%27%'8-32� -7� -779)(� 32� 8,)� &97� '32:)68)6� 0-2/�� ",)� 46)*)8',>

-2+� 78347� ;,)2� 8,)� ���� '%6(� (3)7� 238� 6)59)78� 8,)� 2)<8� 6)%(

-2� 8,)� 2)<8� 86%27%'8-32� -28)6:%0� 32� 8,)� � > �� &97� 36� ;,)2

8,)� %((6)77� +)2)6%8)(� ;390(� '6377� %� 
�� 4%+)� &392(%6=�

!4)'90%8-:)� 46)*)8',� -2'6)%7)7� 8,)� 4377-&0)� 6)%(� (%8%�

&%2(;-(8,� *631� �� �&=8)7�7� 83� 3:)6� 
�� �&=8)7�7�

",)� � > �� &97� '32:)68)6� 79443687� ���� ;6-8)7� %8� 8,)� *900

� > �� (%8%� &%2(;-(8,� 3*� 
�� �&=8)7�7� *36� 
�>&=8)� ;6-8)7� %2(

��� �&=8)7�7� *36� ��>&=8)� ;6-8)7�� ",)� (-**)6)2')� &)8;))2� 8,)

4)%/� &%2(;-(8,� %2(� 8,)� (%8%� &%2(;-(8,� 6)46)7)287� 8,)

)**)'87� 3*� 8,)� %((6)77� 3:)6,)%(� %2(� &97� 8962%6392(� '='0)7�

",)� � > �� &97� '32:)68)6� '%66-)7� 4%6-8=� 8,639+,� 8,)� )28-6)

(%8%� 4%8,� %2(� ',)'/7� 8,)� 4%6-8=� &)*36)� *36;%6(-2+� %2=� 86%27>

%'8-32� 3283� 8,)� 0-2/� 36� 8,)� � > �� &97� 83� +9%6%28))� (%8%� %2(

86%27%'8-32� -28)+6-8=�

",)� � > �� &97� '32:)68)6� %2(� � > �� &%'/40%2)� -2� 8,)

� > �� )<4%27-32� 13(90)� 83+)8,)6� 463:-()� 8,)� ,%6(;%6)

%2(� 1)',%2-717� 83� %003;� 320-2)� 6)40%')1)28� 3*� � > �� ���

'%6(7�� ",)� � > �� &97� '32:)68)6� 463:-()7� %� 6)%(�;6-8)� 6)+-7>

8)6� 8,639+,� ;,-',� 8,)� 43;)6>32� 7-+2%0� 83� )%',� � > �� '%6(

'%2� &)� '3286300)(� -2()4)2()280=�� $,)2� 8,-7� 7-+2%0� -7� ()%7>

7)68)(� 83� %2� � > �� '%6(�� 8,)� '%6(�7� &97� (6-:)67� %6)� 86-78%8)(

�7)8� 83� %� ,-+,>-14)(%2')� 78%8)�� %2(� 8,)� '%6(� -7� 46)4%6)(� *36

;-8,(6%;%0� *631� 8,)� � > �� )<4%27-32� 13(90)�� ",)� � > �

&%'/40%2)� 463:-()7� 8,)� 4634)6� -2(9'8%2')� %2(� '%4%'-8%2')

*36� )%',� 7038� 73� 8,%8� %� '%6(� '%2� &)� ;-8,(6%;2� ;,-0)� 8,)� 7=7>

8)1� -7� 43;)6)(� 94� ;-8,398� (-7896&-2+� 8,)� 43;)6� 83� 8,)� %(.%>

')28� '%6(7�� ",)� ,%6(;%6)� 320-2)� 6)40%')1)28� '%4%&-0-8=

1%/)7� 4377-&0)� *9896)� )2,%2')1)287� 83� 8,)� �3()0� "�		� *36

):)2� ,-+,)6� %:%-0%&-0-8=�

�3+-'� -2� 8,)� � > �� )<4%27-32� 13(90)� 132-8367� 8,)� %'

43;)6� -283� 8,)� 13(90)� %2(� -2(-'%8)7� 83� 8,)� � > �� &97� '32>

:)68)6� :-%� %� &%'/40%2)� 7-+2%0� ;,)2� 43;)6� -7� %&398� 83� *%-0� 36

;,)2� 8,)� ('� :308%+)7� %6)� +3-2+� 398� 3*� 74)'-*-'%8-32�� ",)

43;)6*%-0� ;%62-2+� 7-+2%0� -7� 4%77)(� 94� 8,639+,� 8,)� &97�

'32:)68)6� 13(90)7� 83� %003;� 8,)� �3()0� "�		� 7=78)1� 83�

46):)28� '366948-32� 3*� 8,)� 1%',-2)� 78%8)�



�;4+� 
��
� �+=2+::B"')1'8*� �5;84'2� � � � � � � ��

��� ��
������� ���

%.+� �"B"�� /9� '� 3;2:/62+>+*� ��B(/:� '**8+99� '4*� *':'� (;9

=/:.� '� ,/>+*� )25)1� 8':+� 5,� ��  �@�� %.+� �"B"�9� /4� :.+�  5*+2

%�		� 9?9:+3� '8+� )5362+:+2?� /4*+6+4*+4:� 5,� :.+� 685)+9958

3+358?� (;9� )25)19�� %.+� �"B"�� (;9� )54<+8:+8� 9?4).854/@+9

:.+� *':'� (+:=++4� :.+� �"B"�� '4*� :.+� (;9� )54<+8:+8� 2/41�

%.+� �"B"�� 685</*+9� ,58� -25('2� ��B(/:� '**8+99/4-� 5,� :.+� ��!

)'8*9� '4*� ,58� ,2+>/(/2/:?� /4� '**8+99� '99/-43+4:�� �').� �"B"�

/9� '225)':+*� '� 3/4/3;3� 5,� ����� (?:+9� *;8/4-� )54,/-;8':/54�

%./9� '**8+99� 96')+� /9� +<+42?� */</*+*� (+:=++4� 
�� 6599/(2+

925:9�� �').� 925:� 54� :.+� �"B"�� 9;6658:9� ;6� :5� ,5;8� ��!� 35*B

;2+9�� +').� 5,� =./).� /9� '225)':+*� '� 
�B(?:+� '**8+99� 96')+�� %./9


�B(?:+� 96')+� /9� )'22+*� :.+� .'8*� 6.?9/)'2� '**8+99� 96')+�� �4?

35*;2+� :.':� 8+7;/8+9� '**/:/54'2� '**8+99� 96')+� /9� '99/-4+*

'**8+99� 96')+� ':� :.+� 4+>:� '<'/2'(2+� (;9� '**8+99�� %./9� '**/B

:/54'2� '**8+99� 96')+� /9� )'22+*� :.+� 95,:� 6.?9/)'2� '**8+99� 96')+�

$5,:� 6.?9/)'2� '**8+99� 96')+� '99/-4+*� :5� '22� ��!� 35*;2+9� 54� '

9/4-2+� �"B"�� /9� )54:/-;5;9�� %.+� 685)+9958� 3+358?� (;9� )54B

<+8:+8� *+:+83/4+9� /,� '� :8'49'):/54� /9� (5;4*� ,58� '� -/<+4� �"B"�

(?� ).+)1/4-� ,58� /4)2;9/54� /4� :.+� 8'4-+� *+:+83/4+*� (?� :.+

.'8*� 6.?9/)'2� '**8+99� '4*� 95,:� 6.?9/)'2� '**8+99� 96')+� 5,� :.+

�"B"��

%.+� .'8*� 6.?9/)'2� '**8+99� 5,� '4� ��!� )'8*� )54:'/49� :.+� )54B

:852� '4*� 9:':;9� 8+-/9:+89� *+,/4+*� (?� :.+� "�B#�$�� '8)./:+):;8+

:.85;-.� =./).� 95,:='8+� )'4� '))+99� :.+� ��!� )'8*�� �').� �"B"�

)'8*� .'9� '� (55:� #! � )'22+*� :.+� ��!� *+6+4*+4:� )5*+� #! �

=./).� /9� '))+99+*� (?� /4*/8+):/54� :.85;-.� '� .'8*� 6.?9/)'2

'**8+99�� %./9� #! � )54:'/49� :.+� )'8*� /*+4:/,/)':/54�� )54,/-;B

8':/54� 6'8'3+:+89�� :+9:� )5*+�� '4*� 6599/(2?� (55:� )5*+�� %.+

��!� *+6+4*+4:� )5*+� #! � '225=9� ��!� )'8*9� :5� (+� )54,/-;8+*

/4:5� '� 9?9:+3� (+,58+� :.+� 56+8':/4-� 9?9:+3� /9� 8;44/4-� '4*

'225=9� :.+� 56+8':/4-� 9?9:+3� :5� 2/41� :5� :.+� )588+):� *8/<+8� ,58

+').� )'8*�

%.+� �"B"�� :8'49'):/54� 9+:� /9� 9;,,/)/+4:2?� 8/).� :5� 9;6658:� +,,/B

)/+4:� ��!�� %.+8+� '8+� :.8++� )2'99+9� 5,� :8'49'):/549�� =8/:+�� 8+'*�

'4*� )2+'8� 58� 9+3'6.58+�� �').� :8'49'):/54� /9� ':53/)� (;:� :.+

�"B"�� (;9� 685:5)52� 685</*+9� (;,,+8+*� =8/:+9� ,58� ./-.� 6+8,58B

3'4)+� '4*� 685</*+9� '� (;9?B8+:8?� )'6'(/2/:?� :5� '225=� 8+'*9� 5,

3+358?� :5� (+� 962/:�� 685</*/4-� 6'8'22+2/93� '4*� ./-.+8� ('4*B

=/*:.�� �').� �"B"�� :8'49'):/54� 96+)/,/+9� :.+� *':'� 6'?25'*�� %.+

:8'49'):/54� 9+:� 9;6658:9� :8'49'):/549� 5,� 
�� ��� 
�� 
��� '4*� ��

(?:+9�� � �� /9� 6+8,583+*� ;9/4-� 
�B(?:+� 58� ��B(?:+� :8'49')B

:/549� /4/:/':+*� ;4*+8� :.+� )54:852� 5,� :.+� ��!� )'8*�� �').� �"B"�

:8'49'):/54� )54:'/49� /4,583':/54� '(5;:� :.+� 3'9:+8� 5,� :.+

:8'49'):/54� 95� :.':� +88589� )'4� (+� 8+658:+*� '4*� *':'� +'9/2?

8+:;84+*� ,58� 8+'*9�

%.+� �"B"�� '4*� ��!� 9;(9?9:+3� 685</*+9� '4� +,,/)/+4:�� ,2+>/(2+�

'4*� 8+2/'(2+� 3+'49� :5� ')./+<+� ./-.� ��!� :.85;-.6;:� '4*

./-.2?� 9)'2'(2+� )544+):/</:?�

�
����� 	���
�

%.+� 3+358?� 9;(9?9:+3� ,58� :.+� �"� �			�  5*+2� %�		� )5865B

8':+� (;9/4+99� 9+8<+8� ;9+9� 
 B(/:� �#� 9� ,58� '� ��� B(?:+

)'6')/:?� 54� +').� (5'8*�� �:� /9� +>6'4*'(2+� ;6� :5� ��� (?:+9� 5,

+8858B)588+):/4-� 3+358?�� %5� 3/4/3/@+� '))+99� 2':+4)?� /4� '

3;2:/685)+9958� +4</8543+4:�� :.+� 3+358?� 9;(9?9:+3� /9

./-.2?� /4:+82+'<+*� :5� 9;6658:� )54);88+4:� '))+99� ,853� 3;2:/B

62+� 685)+99589� '4*� ��!� 35*;2+9�� �� 9/4-2+� 3+358?� (5'8*� )'4

)54:'/4� 
�� ��� 58� 
� /4:+82+'<+*� ('419� 5,� �
 � (?:+9�� %.+� )53B

(/4':/54� 5,� /4:+82+'</4-� '4*� 25=� 2':+4)?� ,58� :.+� (5'8*� 685B

</*+� '� ('4*=/*:.� 5,� ��	�  (?:+9�9�� �;8:.+8358+�� */,,+8+4:B

9/@+*� 3+358?� (5'8*9� ;9/4-� */,,+8+4:� -+4+8':/549� 5,� �#� 9

)'4� )5+>/9:� /4� :.+� 9?9:+3�� '225=/4-� ,;:;8+� 3+358?� +>6'4B

9/54� =./2+� 68+9+8</4-� );9:53+8� 3+358?� /4<+9:3+4:9�

�853� :.+� 9:'4*65/4:� 5,� )5362+>/:?�� :.+� 3+358?� (5'8*� /9� :.+

359:� 956./9:/)':+*� (5'8*� /4� :.+�  5*+2� %�		� 9?9:+3�� %5� 3++:

/:9� 6+8,583'4)+� 8+7;/8+3+4:9�� :.+� *+9/-4� ;9+9� 2+'*/4-B+*-+

68/4:+*� )/8);/:� :+).4525-/+9� '4*� 4+=� (5'8*� 3':+8/'29�� %.+9+

'8+� *+9)8/(+*� ;4*+8� A '4;,'):;8/4-�� 2':+8� /4� :./9� '8:/)2+�� %.+

3+358?� (5'8*� /4)2;*+9� 
���� 4+:9� �58� 9/-4'29��� �
��� )5365B

4+4:9�� '4*� 5<+8� �����	� 952*+8� 05/4:9�� �5;(2+B9/*+*� 9;8,')+

35;4:� '99+3(2?� 685</*+9� ./-.� )53654+4:� *+49/:?�� %.+� �
��

)53654+4:9� '8+� 35;4:+*� /4� '4� '8+'� 5,� 542?� ���� 97;'8+

/4).+9�

%.+� 685)+9958� 3+358?� (;9� +2+):8/)'2� *+9/-4� 2/3/:9� :.+� 2+4-:.

5,� :.+� (;9� ,58� �	B �@� 56+8':/54� :5� 
�� /4).+9�� �549+7;+4:2?�

:.+� 3+358?� (5'8*� *+9/-4� /9� )549/*+8'(2?� )549:8'/4+*�� %.+

2/3/:+*� 4;3(+8� 5,� 925:9� 8+7;/8+9� :.+� )'6')/:?� 5,� +').� 3+3B

58?� (5'8*� :5� (+� ./-.�� %.+� 9.58:� (;9� 2+4-:.� 3'1+9� +').� 5,

:.+� 925:9� 4'885=�� ,58)/4-� '� 25=� 685,/2+� ,58� +').� 3+358?

(5'8*�� �;9� :8'49)+/<+89� '8+� 25)':+*� )259+� :5� :.+� )544+):58� 54

+').� *';-.:+8� )'8*� :5� 1++6� 9:;(� 2+4-:.9� :5� '� 3/4/3;3�

�
����� ���
��

����

 +358?� (5'8*9� '8+� 3'4;,'):;8+*� /4� �
 B(?:+�� 
�� B(?:+�

'4*� ��� B(?:+� )'6')/:/+9�� %.+� �
 B(?:+� '4*� 
�� B(?:+

3+358?� )'6')/:/+9� '8+� ')./+<+*� (?� 6'8:/'22?� 25'*/4-� :.+

��� B(?:+� (5'8*��  +358?� /4:+82+'</4-� :+4*9� :5� */9:8/(;:+

3+358?� 8+,+8+4)+9� +<+42?� '354-� '22� (25)19� /4� :.+� 9?9:+3�

�4� :.+� +<+4:� :.':� :=5� 685)+99589� *+9/8+� :5� '))+99� 3+358?� /4

)549+);:/<+� 7;'*9�� /4:+82+'</4-� 685</*+9� :.':� :.+� 9+)54*

'))+99� =/22� 2/1+2?� (+� :5� '4� /*2+� ('41�� %.+� 3+358?� *+9/-4� ,58

:.+�  5*+2� %�		� '225=9� :.+� (+4+,/:9� 5,� /4:+82+'</4-� :5� (+

('9+*� 54� :.+� :5:'2� 4;3(+8� 5,� 3+358?� ('419� /49:'22+*� /4� :.+

9?9:+3�� 8+-'8*2+99� 5,� :.+� 4;3(+8� 5,� (5'8*9� :.':� :.+� ('419

'8+� 968+'*� ')8599��� %.+� 685)+9958� 3+358?� (;9� 685:5)52

3'>/3/@+9� 6+8,583'4)+� (?� /4:+82+'</4-� '22� :.+� ('419� +<+42?

')8599� :.+� +4:/8+� 6.?9/)'2� '**8+99� 96')+�� 8+-'8*2+99� 5,� :.+

4;3(+8� 5,� ('419�� %./9� /9� 9;6+8/58� :5� /4:+82+'</4-� 9).+3+9

:.':� 2/3/:� :.+� +,,+):� 5,� /4:+82+'</4-� :5� 4;3(+89� 5,� ('419� :.':

'8+� 65=+89� 5,� :=5�

�
����� ��
��� �
����������

"'8:/:/54/4-� 5,� :.+� 3+358?� (5'8*� /4:5� &�$�� )./69� ,5225=9� :.+

8+7;/8+3+4:9� 5,� :.+� �#� 9� '4*� :.+� ('41� 58-'4/@':/54�� %./9

6'8:/:/54/4-� /9� /22;9:8':+*� /4� :.+� 3+358?� (5'8*� (25)1� */'B

-8'3�� �/-�� 
��� ��� B(?:+� )'6')/:?� =/:.� 9/4-2+B(/:� +8858� )58B

8+):/54� 8+7;/8+9� ���� 
 B(/:� �#� 9�� +').� 5,� =./).� /9� 58-'B

4/@+*� '9� 
 � (?� 
� (/:9�� �
B(?:+� *':'� :8'49,+89� '4*� 3/4/3/@+*

2':+4)?� 8+7;/8+� '� ���B(/:� (/*/8+):/54'2� *':'� (;9� ,58� +').

('41�9� �#� 9�� %.+� +,,58:� :5� 3/4/3/@+� 2':+4)?� '4*� :.+� 8+B

9:8/):/54� 5,� :.+� 685)+9958� 3+358?� (;9� :5� 4'885=� 925:9� 68+B

<+4:+*� :.+� ;9+� 5,� $�  � 35*;2+9� 9/3/2'8� :5� :.59+� ;9+*� /4� "�9

'4*� =5819:':/549�� %.+� ,/>+*� :/3/4-� 8+2':/549./69� 54� :.+� 685B

)+9958� 3+358?� (;9� 8+7;/8+*� :.':� :.+8+� (+� ,5;8� 5,� :.+9+� ���B

(/:� *':'� (;9+9� ,58� :.+� ,5;8� ('419� 54� :.+� ��� B(?:+� 3+358?

(5'8*� :5� 68+<+4:� )54:+4:/54� (+:=++4� =8/:+9� :5� 54+� ('41� '4*

8+'*9� ,853� '45:.+8� ('41�� �� 3;2:/62+>/4-� ,;4):/54� /9� 685</*+*



��� � � � � � � �6/'� ���
� �'8-'55<�#%,#3&� �063/#-


���� ���� �'.03:� $0#3&� $-0%,� &+#)3#.�

Address
Transceiver

Arbitration
and

Address
Buffer

Address
Transceiver

Memory
Access

Controller
(MAC)

Data
Transceiver

Data
Transceiver

Data
Transceiver

Data
Transceiver

MAAD MAAD

MADM

DRAM Array
144 Components

MADM

28818

66

Pr
oc

es
so

r M
em

or
y 

Bu
s

10

10

20

36

4 Total Address
Transceivers

31

20 Address

6

8

36

36

36

36

36

36

36

36

9

144

144

4 MAADs
per Bank

6 6

18 288 18 288

Memory
Write
Data

Memory Read Data

18 MADMs
per Bank

16 Total Data
Transceivers

36

36

36

MAAD = Memory Array Address Driver
MADM = Memory Array Data Multiplier

One, Two, or Four Memory
Banks Can Be Loaded for
Memory Capacities of 64M,
128M, or 256M bytes.

MAAD MAAD

MADM

18 288

DRAM Array
144 Components

MADM

28818

66

MAAD MAAD

MADM

18 288

DRAM Array
144 Components

MADM

28818

66

MAAD MAAD

MADM

18 288

DRAM Array
144 Components

MADM

M
AD

M
 C

on
tro

l
M

AD
D 

an
d 

Ba
nk

 C
on

tro
l

$'58''/� 5*'� (063� 4-08� �
�<$+5� ����� &#5#� $64'4� #/&� 5*'

��<��;� ���<$+5� &#5#� $64� 0(� 5*'� 130%'4403� .'.03:� $64�

 0� +.1-'.'/5� 5*'4'� 3'26+3'.'/54�� #� 4'5� 0(� (+7'� !���� %*+14� +4

64'&�� �4� +&'/5+(+'&� 0/� 5*'� $-0%,� &+#)3#.�� 5*'4'� #3'�

• �64� 53#/4%'+7'34��  *+4� &'4+)/� +4� #-40� 64'&� 0/� 5*'� 130%'4403

#/&� $64� %0/7'35'3� $0#3&4�

• �3$+53#5+0/� #/&� #&&3'44� $6(('3��  *+4� %*+1� 1307+&'4� (03� #3$+53#<

5+0/� #/&� #%54� #4� #/� #&&+5+0/#-� 1#+3� 0(� #&&3'44� 53#/4%'+7'34�

 *+4� &'4+)/� +4� #-40� 64'&� 0/� 5*'� 130%'4403� #/&� $64� %0/7'35'3

$0#3&4�

• �'.03:� #33#:� &#5#� .6-5+1-'9'3� ��������  *+4� %*+1� .6-5+<

1-'9'4� 5*'� 4-08� ����� &#5#� 4+)/#-4� 50� #� 1#+3� 0(� 6/+&+3'%5+0/#-

��<��;�� ���<$+5� $64'4� 50� #/&� (30.� 5*'� &#5#� 53#/4%'+7'34�

• �'.03:� #33#:� #&&3'44� &3+7'3� ��������  *+4� %*+1� &3+7'4� #&<

&3'44� #/&� RAS� #/&� CAS� 50� 5*'� ����4�� �5� +4� #� .0&+(+'&� 7'34+0/
0(� #� 45#/&#3&� %0..'3%+#-� 1#35�

• �'.03:� #%%'44� %0/530--'3� �������  *+4� %*+1� 1307+&'4� 5*'

07'3#--� %0/530-� (6/%5+0/� (03� 5*'� .'.03:� $0#3&�� �/� 1#35+%6-#3�

5*'� ���� +.1-'.'/54� 5*'� 3'26+3'&� #3%*+5'%563#-� ('#563'4� 0(

5*'� .'.03:� 4:45'.� #/&� %0/530-4� ����� 3'(3'4*�

�9%'15� (03� 5*'� ������ 8*+%*� +4� +/� #� 

<1+/� ����� �1-#45+%

-'#&'&� %*+1� %#33+'3��� '#%*� 0(� 5*'4'� ��4� +4� #� (+/'<1+5%*�� 26#&

(-#51#%,� ������ %0.10/'/5�� 8+5*� -'#&4� 41#%'&� ������ +/%*

#1#35��  *'� $64� 53#/4%'+7'3� #/&� ����� #3'� 1#%,#)'&� +/

���<1+/� ���4� #/&� 5*'� #3$+53#5+0/� #/&� #&&3'44� $6(('3� #/&

���� #3'� +/� ���<1+/� ���4��  *'� (6--� ����<$:5'� $0#3&� +/%-6&'4

��� $64� 53#/4%'+7'34�� 0/'� #3$+53#5+0/� #/&� #&&3'44� $6(('3�� 
�

����4�� ��� ����4�� #/&� 0/'� ���� #4� 8'--� #4� 5*'� �
�� 
�<$+5

����� %*+14�

�+)�� ��� +4� #� 1*050)3#1*� 0(� 5*'� ����<$:5'� .'.03:� $0#3&�

�������� ���
���� ������ 	�����

�/� #&&+5+0/� 50� 3'453+%5+0/4� 0/� 5*'� .'.03:� $0#3&� %#64'&� $:

5*'� 130%'4403� .'.03:� $64� &'4+)/�� 5*'3'� 8'3'� #� 4+)/+(+%#/5

/6.$'3� 0(� 05*'3� '-'%53+%#-� &'4+)/� #/&� .#/6(#%563+/)� 3'26+3'<

.'/54� 0/� 5*'� $0#3&��  *'� 0/$0#3&� 7'34+0/� 0(� 5*'� 130%'4403

.'.03:� $64� #&&3'44� $64� +4� #� 	��
�<+/%*�� ��<��;� 6/+&+3'%<

5+0/#-� $64� 8+5*� ��� -0#&4� 0/� '#%*� -+/'��  *'3'� #3'� 580� ���<$+5�

��<��;�� ����<+/%*� $64'4� 8+5*� (+7'� -0#&4� 0/� '#%*� -+/'�� "+5*

5*'� -#3)'� /6.$'3� 0(� %0.10/'/54� #-3'#&:� 3'26+3'&� (03� 5*'

$0#3&�� +5� 806-&� /05� *#7'� $''/� ('#4+$-'� 50� 5'3.+/#5'� 5*'4'

$64'4��  *'� %-0%,� 53''� (03� 5*'� !���� 0/� 5*'� $0#3&� (''&4� #� 505#-

0(� �
� $+&+3'%5+0/#-� 4*+(5'&� ���<-'7'-� +/1654� #/&� ��� 4+/)-'<

'/&'&� +/1654�� 8+5*� #� )0#-� 0(� -'44� 5*#/� ���� 14� 0(� 4,'8� #%3044

#--� ���� +/1654��  *'� 4+;'� %*04'/� (03� 5*'� .'.03:� $0#3&� +4

�
���� $:� ������ +/%*'4�� 5*'� .#9+.6.� 4+;'� #--08'&� $:� 463(#%'

.06/5� '26+1.'/5� (03� '((+%+'/5� 70-6.'� 130&6%5+0/�� �'453+%5+0/



�92)� 	���� �);0)88?�%'/%6(� �3962%0� � � � � � � ��

����� ���� 
�
�?&=8)� 1)136=� &3%6(�

83� 8,-7� 7->)� ;%7� %2� -14368%28� *%'836� -2� %01378� ):)6=� ()7-+2

()'-7-32� 1%()� *36� 8,)� &3%6(�

�6)0-1-2%6=� ()7-+27� 3*� '6-8-'%0� %6)%7� 3*� 8,)� &3%6(� 7,3;)(� 8,%8

8,)� ()27)78� *)%7-&0)� 6398-2+� ;390(� &)� 6)59-6)(�� �)%(-2+?

)(+)� ��� 46-28)(� '-6'9-8� 463(9'8-32� 8)',2303+=� %003;7� %

1-2-191� 3*� �����?-2',� 0-2)7� %2(� �����?-2',� 74%')7�� #-%7� '%2

&)� )-8,)6� �����?-2',� *-2-7,)(� ,30)� 7->)� ;-8,� ���
	?-2',� 4%(7�

36� ���	
?-2',� *-2-7,)(� ,30)� 7->)� ;-8,� ���
�?-2',� 4%(7�� �38,

3*� 8,)7)� %08)62%8-:)7� %6)� '966)280=� 0-1-8)(� 83� %� 1%<-191� %7?

4)'8� 6%8-3� 3*� 	��	� �&3%6(� 8,-'/2)77� (-:-()(� &=� *-2-7,)(� ,30)

7->)��� !,)� %74)'8� 6%8-3� %073� -2*09)2')7� 8,)� 463(9'8-32� '378� 3*

8,)� &3%6(� 7-+2-*-'%280=� &)'%97)� 3*� 40%8-2+� =-)0(7�� %7� ;)00� %7

8,)� %',-):%&0)� (6-00� 78%'/� ,)-+,8�

$-8,� 8,)� +-:)2� 0%=398� '32(-8-327�� 7):)6%0� 86%()?3**� 789(-)7

;)6)� (32)� 83� *-2(� 8,)� &)78� %08)62%8-:)� -2� 8)617� 3*� )0)'86-'%0

4)6*361%2')�� 1%29*%'896-2+� '378� *36� 8,)� 03%()(� %77)1&0=�

6)0-%&-0-8=�� %2(� 6-7/� *36� 463'96)1)28� %2(� 463')77� %:%-0%&-0-8=

%8� &38,� *%&6-'%8-32� %2(� %77)1&0=�� !,)� &)78� %08)62%8-:)� *-2%00=

97)7� 8,)� 0)%(-2+?)(+)� 0%=398� +)31)86-)7�� )-+,8� *900� 7-+2%0

0%=)67�� %2(� 8;3� 4%68-%0� 7-+2%0� 0%=)67��  -2')� 8,)� -2-8-%0� 463.)'?

8-327� 3*� 8,)� 291&)6� 3*� 0%=)67� 6)59-6)(� 83� 6398)� 8,)� &3%6(� 0)(

83� %2� %28-'-4%8)(� &3%6(� 8,-'/2)77� +6)%8)6� 8,%2� ������ -2',�� 8,)

%74)'8� 6%8-3� 6)59-6)1)287� '%97)(� 8,)� �����?-2',� *-2-7,)(� ,30)

7->)� :-%� 348-32� 83� &)� 6).)'8)(�� �:)2� ;-8,� ���
�?-2',� 4%(7� %2(

���	
?-2',� *-2-7,)(� ,30)� 7->)� :-%7�� 8,)� %74)'8� 6%8-3� %4463%',)7

	��� !,)6)*36)�� %� 734,-78-'%8)(� &3%6(� 1%8)6-%0� -7� 6)59-6)(� 83

46):)28� 8,)61%0� '='0-2+� *631� 786)77-2+� :-%7� %2(� +)2)6%8-2+

(-78368-327� 32� 8,)� &3%6(� &=� )<4%27-32� 3*� 8,)� 8,-'/2)77� 3*� 8,)

&3%6(�� �=%2%8)� )78)6� 1%8)6-%0� ��!?
�� ;%7� ',37)2� 3:)6� 38,)6

79&786%8)� %08)62%8-:)7� &)'%97)� 3*� -87� 794)6-36� )0)'86-'%0� %2(

1)',%2-'%0� 4)6*361%2')�	�

����� ����  '%0-2+� 3*� 320-2)� 86%27%'8-32� 463')77-2+� ���!��� 4)6*361%2')

;-8,� 291&)6� 3*� 463')77367�

1 2 3 4

1

2

3

4

Number of Processors

Re
la

tiv
e 

Pe
rfo

rm
an

ce

710 Transactions
per Second

	��������
����� 

��������




��������


�2� ��� ����� �3()0� !���� '36436%8)� &97-2)77� 7)6:)6�� %� 7-<?

463')7736�� ��?��>� ��?�� �� �	��� ��"� ;-8,� %� 
�?��>� &97�

%',-):)(� 
		���� 86%27%'8-327� 4)6� 1-298)� �"� ��
�		�� 4)6

841��� 32� 8,)� !��?�� &)2',1%6/��� �2� 8,)� *3003;-2+� (-7'97?

7-327�� 8,)� %:%-0%&0)� 1908-463')7736� 4)6*361%2')� (%8%� -7� %

1-<896)� 3*� (%8%� *631� &38,� 8,)� �3()0� !���� %2(� 8,)� 30()6

�3()0� ���� 7=78)17�

�%8%� *36� 8,)� ��� ����� �3()0� ���� �8,)� 46)'96736� 3*� 8,)� �3()0

!����� ;,-',� 97)7� 32)� 83� *396� 
�?��>� ��?�� �� 463')77367

%2(� 8,)� 7%1)� 1)136=�� &97�� %2(� ���� 79&7=78)17� %7� 8,)� �3()0

!����� -7� %:%-0%&0)� *36� 8,)� !��?�� &)2',1%6/� %2(� 32)� 83� *396

463')77367�� �-+�� 	�� 7,3;7� ,3;� 1908-463')77-2+� 4)6*361%2')

7'%0)7� 32� %� &)2',1%6/� -2(-'%8-:)� 3*� ��!�� 4)6*361%2')�


!,)�  ���6%8)� 4)6*361%2')� *36� 8,)� �3()0� !���� -7� 7,3;2� -2

�-+�� 	���� !,)�  ���� 6)79087� 7,3;� 0-2)%6� 7'%0-2+� ;-8,� 8,)� 291?

&)6� 3*� 463')77367�� ;,-',� -7� )<4)'8)(� *36� ��"?-28)27-:)� ;36/?

03%(7� ;-8,� 23� 1989%0� (%8%� ()4)2()2'-)7�� !,)� ��!�� &)2',?

1%6/7� %6)� 136)� 8=4-'%0� *36� 6)%0� '311)6'-%0� %440-'%8-327�� !,)

����� ���� �3()0� !����  ���6%8)� 4)6*361%2')�

0 2 4 6 8 10 12
0

5000

10000

15000

20000

25000

30000

35000

40000

SP
EC

ra
te

4019

7963

15341

28341

38780

SPECrate_fp92

SPECrate_int92

2310
4609

9017

17114

23717

Number of Processors



��� � � � � � � �5.&� 
���� �&7,&44;�"$+"2%� �/52.",

����� ���� �/%&,� ��	� 02/(2"-� %&6&,/0-&.4� 0&2'/2-".$&�

1 2 3 4
Number of Processors

1

2

3

4

Re
la

tiv
e 

Pe
rfo

rm
an

ce

Normal

Interleave Off
Duplicate Tags Off

,/33&3� *.� &''*$*&.$9� "2&� $"53&%� #9� '"$4/23� 35$)� "3� 3&2*",*:"4*/.

*.� 4)&� ���� 35#3934&-� ".%� $/.4&.4*/.� '/2� /0&2"4*.(� 3934&-

2&3/52$&3�

�*(�� 
�� 3)/73� 4)&� 0&2'/2-".$&� /'� 4)&� �/%&,� ��	� /.� ".�

��;*.4&2.",� #&.$)-"2+� 2&02&3&.4"4*6&� /'� ��� *.4&2"$4*6&

53&23� &8&$54*.(� 4"3+3� 490*$",� /'� "� 02/(2"-� %&6&,/0-&.4

&.6*2/.-&.4�

 )&� #&.$)-"2+� 2&35,43� $/.'*2-� 4)&� 6",5&� /'� +&9� %&3*(.

%&$*3*/.3�� �/2� &8"-0,&�� .&"2,9� ",,� 42".3"$4*/.3� 7&2&� 53&'5,<

/.,9� ��� /'� ",,� 42".3"$4*/.3� 7&2&� #53*&%� ".%� /.,9� 
�
�� /'� ",,

#53� 15"%3� 7&2&� 7"*4&%�� �*3"#,*.(� 4)&� *.4&2,&"6*.(� /2� %*3"#;

,*.(� 4)&� %50,*$"4&� $"$)&� 4"(3� %*%� ./4� "''&$4� #53� 54*,*:"4*/.�

 )&� &''*$*&.$9� /'� 4)&� #53� 7"3� 2&',&$4&%� *.� 3934&-� 4)2/5();

054�� �/2-",� /0&2"4*/.� 3)/7&%� .&"2;,*.&"2� -5,4*02/$&33/2

3$",*.(� 4)2/5()� '/52� 02/$&33/23�� �)".(*.(� 4)&� *.4&2,&"6*.(

",(/2*4)-� '2/-� 4)&� ./2-",� $"3&� /'� '/52� #,/$+3� *.4&2,&"6&%

'/52� 7"93� 4/� '/52� #,/$+3� ./4� *.4&2,&"6&%� $"53&%� "� 3*(.*'*$".4

0&2'/2-".$&� *-0"$4�� �3� &80&$4&%�� 4)&� 0&.",49� 7"3� (2&"4&2� "4

)*()&2� %&(2&&3� /'� -5,4*02/$&33*.(�� 0&"+*.(� "4� "� 0&.",49� /'



�� *.� "� '/52;02/$&33/2� 3934&-�� �*3"#,*.(� 4)&� %50,*$"4&� $"$)&

4"(3� *.$522&%� ".� &6&.� (2&"4&2� $/34�� 4)&� %&$2&"3&� *.� 3934&-

0&2'/2-".$&� 7"3� "3� -5$)� "3� ����� 7*4)� 4)&� '/52;02/$&33/2

3934&-� "("*.� #&*.(� 4)&� 7/234� $"3&�

 )&3&� 4&343� 3)/7&%� 4)"4� 4)&� )*();30&&%� 0*0&,*.&%� 02/$&33/2

-&-/29� #53�� '"34� ��!3� 7*4)� ,"2(&� $"$)&3�� %50,*$"4&� $"$)&

4"(3� *.� 4)&� 02/$&33/2� *.4&2'"$&3�� ".%� )*(),9� *.4&2,&"6&%� ,"2(&

0)93*$",� -&-/29� ",,/7� 4)&� �/%&,�  
		� 3934&-� 4/� 3$",&

&''*$*&.4,9� 50� 4/� 47&,6&;7"9� -5,4*02/$&33*.(�


������� 	��������

�3� 0"24� /'� 4)&� $)",,&.(&� /'� 02/%5$*.(� 4)&� ��� �			� �/%&,

 
		� $/20/2"4&� #53*.&33� 3&26&2�� 4"2(&4&%� "4� %&-".%*.(� #53*;

.&33� "00,*$"4*/.3�� *4� 7"3� %&$*%&%� 4/� 429� 4/� -"+&� "� 3*(.*'*$".4

*-02/6&-&.4� *.� 3934&-� )"2%7"2&� "6"*,"#*,*49�� �"2%7"2&

"6"*,"#*,*49� )"3� 47/� $/-0/.&.43�� -&".� 4*-&� #&47&&.� '"*,52&3

�� ����� 7)*$)� -&"352&3� )/7� /'4&.� 4)&� $/-054&2� )"2%7"2&

'"*,3�� ".%� -&".� 4*-&� 4/� 2&0"*2� ��  ���� 7)*$)� -&"352&3� )/7

,/.(� *4� 4"+&3� 4/� 2&0"*2� "� )"2%7"2&� '"*,52&� /.$&� /.&� )"3�

/$$522&%��  )&� 3&26*$&� 02/$&33/2� -"+&3� "� 3*(.*'*$".4� *-02/6&;

-&.4� *.� 4)&� �  �� 0/24*/.� /'� 4)&� "6"*,"#*,*49� &15"4*/.� #9

2&%5$*.(� 4)&� 4*-&� 2&15*2&%� 4/� 2&0"*2� 4)&� 3934&-� 7)&.� )"2%;

7"2&� '"*,52&3� %/� /$$52�

���3� $/-054&2� 3934&-3� "2&� 490*$",,9� 3500/24&%� '2/-� /52

2&30/.3&� $&.4&23�� 7)&2&� ��� )"3� $/.$&.42"4&%� 3/-&� /'� 4)&

-/34� +./7,&%(&"#,&� ".%� &80&2*&.$&%� 3500/24� 34"''��  )&3&

3500/24� &.(*.&&23� (&.&2",,9� 02/6*%&� 4)&� '*234� 2&30/.3&� 4/� "

$534/-&2� 02/#,&-��  )&9� -"+&� 4)&� *.*4*",� 02/#,&-� %*"(./3*3

".%� %&4&2-*.&� 7)*$)� /'� ���3� 2&3/52$&3� 7*,,� #&� "00,*&%� 4/

'*8*.(� 4)&� $534/-&2�3� 3934&-��  )&� (2&"4&34� /00/245.*49� 4/

*-02/6&� 4)&� 3934&-�3� �  �� &8*34&%� *.� *-02/6*.(� 4)&� "#*,*49

/'� 4)&� 3500/24� &.(*.&&23� "4� 4)&� 2&30/.3&� $&.4&23� 4/� "$$&33

'"*,52&� *.'/2-"4*/.� ".%� $/.42/,� 4)&� 3934&-� )"2%7"2&��  )&

'/,,/7*.(� 30&$*'*$� (/",3� 7&2&� 3&4�

• �,,� /'� 4)&� 42/5#,&3)//4*.(� *.'/2-"4*/.� 4)"4� *3� "6"*,"#,&�

,/$",,9� �"4� 4)&� '"*,&%� 3934&-�� 3)/5,%� #&� "6"*,"#,&� 2&-/4&,9� �"4

4)&� 2&30/.3&� $&.4&2��

• �.'/2-"4*/.� 3)/5,%� #&� $/,,&$4&%� "#/54� )"2%7"2&� '"*,52&3� 4)"4

02&6&.4� 4)&� ./2-",� /0&2"4*.(� 3934&-� $/%&� '2/-� 34"24*.(� /2

25..*.(�

• �.'/2-"4*/.� "#/54� 0/7&2� ".%� &.6*2/.-&.4",� "./-",*&3

3)/5,%� #&� $/,,&$4&%�

• �.'/2-"4*/.� "#/54� /0&2"4*.(� 3934&-� 34"4&� $)".(&3� 3)/5,%� #&

$/,,&$4&%�

• �22/2� *.'/2-"4*/.� 3)/5,%� #&� "6"*,"#,&� 4/� &22/2� ".",93*3� 3/'4;

7"2&� 25..*.(� 5.%&2� 4)&� /0&2"4*.(� 3934&-� *'� 4)&� /0&2"4*.(

3934&-� *3� "#,&� 4/� 2&$/6&2� "'4&2� ".� "./-",9� /$$523�

• �� -&".3� 3)/5,%� &8*34� 4/� ",,/7� 3500/24� 0&23/..&,� 4/� %&4&2;

-*.&� 4)&� 3934&-� )"2%7"2&� $/.'*(52"4*/.� ".%� ",4&2� *4� 7*4)/54

#&*.(� 02&3&.4� "4� 4)&� 3*4&� 4/� ",,/7� 02/#,&-3� 4/� #&� 7/2+&%

"2/5.%� ".%� 4/� "*%� *.� 02/#,&-� %&4&2-*."4*/.�

•  )&� 3500/24� )"2%7"2&� 3)/5,%� #&� "3� *.%&0&.%&.4� /'� 4)&� 2&;

-"*.%&2� /'� 4)&� $/-054&2� 3934&-� "3� 0/33*#,&�� 3/� 4)"4� '"*,52&3

*.� 4)&� -"*.� )"2%7"2&� 7*,,� ./4� $"53&� 3500/24� "$$&33� 4/�

#&$/-&� 5."6"*,"#,&�

• �22/2� 2&0/24*.(� 0"4)3� 3)/5,%� #&� %&3*(.&%� 4/� -"8*-*:&� 4)&

02/#"#*,*49� 4)"4� '"*,52&� 39-04/-3� 7*,,� #&� /#3&26"#,&� &6&.� *.

4)&� 02&3&.$&� /'� )"2%7"2&� '"*,52&3�

• �"*,52&� *.� 4)&� 3500/24� )"2%7"2&� 3)/5,%� ./4� $"53&� '"*,52&� /'

4)&� -"*.� $/-054&2� 3934&-�

• �"*,52&� /'� 4)&� 3500/24� )"2%7"2&� 3)/5,%� ./4� (/� 5../4*$&%

5.4*,� "� '"*,52&� /'� 4)&� -"*.� 3934&-� /$$523�

•  )&� )"2%7"2&� 3500/24� '5.$4*/.3� 3)/5,%� #&� &"3*,9� 50(2"%"#,&

7*4)/54� 2&15*2*.(� "� 6*3*4� #9� 3500/24� 0&23/..&,� ".%� 7*4)/54

2&0,"$*.(� )"2%7"2&�

���
����� ��������������

 )&� "#/6&� (/",3� "2&� "$)*&6&%� #9� 02/6*%*.(� "� 3*.(,&;#/"2%

3&26*$&� 02/$&33/2� '/2� 4)&� �/%&,�  
		� 3934&-��  )&� 3&26*$&

02/$&33/2� *3� "� -*$2/02/$&33/2;$/.42/,,&%� #/"2%� 4)"4� *3�

,/$"4&%� *.� 4)&� -"*.� $"2%$"(&��  )*3� #/"2%� )"3� $/.42/,� ".%

/#3&26"4*/.� $/..&$4*/.3� *.4/� ",,� /'� 4)&� )"2%7"2&� *.� 4)&� -"*.

$"2%$"(&��  )*3� #/"2%� ",3/� $/.4"*.3� 4)&� 0/7&2� 3934&-� $/.42/,

".%� -/.*4/2� 7)*$)� $/.42/,3� 4)&� 0/7&2� 3934&-��  )&� 3&26*$&

02/$&33/2� )"3� "� $/--".%;/2*&.4&%� 53&2� *.4&2'"$&� 7)*$)� *3

"$$&33*#,&� 4)2/5()� 4)&� 3"-&� $/.3/,&� -&$)".*3-� "3� 4)&� /0&2;

"4*.(� 3934&-� $/.3/,&� $/..&$4*/.3� /.� 02&6*/53� 3934&-3

�4)2/5()� 4)&� 3934&-�3� "$$&33� 0/24���  )&� ,/(*$",� ,/$"4*/.� /'

4)&� 3&26*$&� 02/$&33/2� *3� 3)/7.� *.� �*(�� �	�

 )&� 3&26*$&� 02/$&33/2� ".%� 0/7&2� 3934&-� $/.42/,� ".%� -/.*4/2

"2&� 0/7&2&%� #9� 30&$*",� #*"3� 0/7&2� 7)*$)� *3� "6"*,"#,&� 7)&.;

&6&2� "$� 0/7&2� *3� "00,*&%� 4/� 4)&� 3934&-� $"#*.&4��  )&� 3&26*$&



�' �� ����� ��)��&&+�����$�� �!'$ ��� � � � � � � ��

����� ���� ��$(���� "$!��%%!$� ��!��� ����$���

Factory
Test

Controller

AC Front
End

High-Voltage
DC

Bias
Power
Supply

Bias
Power

Service
Processor

Power System
Control and

Monitor

Main
Power

Supplies

Main Power

Service
Processor

Bus

Processor

Scan Bus
and Clocks

Processor

Processor
Memory
Bus

Memory

Bus
Converter

Bias Power,
Battery,

Power On/Off

Control
Panel

System
StatusClose

Console
Port

Service
Processor

Port

Line

Console/LAN
Card

Security

Access
Port

HP-PB

HP-PB Cardcage
Internal to System
CabinetLocal Console

Terminal

Remote Console
Terminal

AC
Power
Feed

M

M LAN

"$!��%%!$� �%� &�'%� � ��"� �� &� !�� &��� ��� � %*%&��� "!)�$

%'""���%�� � �� �� � ��� ����%%��� ' ��$� ���!%&� ���� %*%&��� ��'�&

�! ��&�! %�

���� %�$(���� "$!��%%!$� ��%� �� �!��' ���&�! %� ���  ��� &!� &��

"!)�$� %*%&��� �! &$!�� � �� �! �&!$� )����� ���!)%� �&� &!� "$!+

(���� &��� !"�$�&� �� �!��� �!$� &��� "!)�$� %*%&��� �! &$!�� � �

�! �&!$� ���$!"$!��%%!$�� � �� &�� � &!� �%%'�� �!��� �%� &!� &��

"!)�$� %*%&��� �! &$!�� � �� �! �&!$� � �� �! �&!$� �&%� "$!�$�%%�

���� "!)�$� %*%&��� �! &$!�� � �� �! �&!$� �! &$!�%� &��� "!)�$

%*%&��� ' ��$� %�$(���� "$!��%%!$� %'"�$(�%�! � � ��  !&����%� &��

%�$(���� "$!��%%!$� !�� "!)�$� � �� � (�$! �� &��� "$!����%�

���� %�$(���� "$!��%%!$� "$!(���%� �� '%�$� � &�$����� &!� &��� "!)�$

%*%&��� )����� �%� '%��� �*� %'""!$&� "�$%!  ��� )�� � &$!'���+

%�!!&� �� "!)�$� � �� � (�$! �� &��� "$!����%�

���� %�$(���� "$!��%%!$� �%� �!  ��&��� &!� ����� ��$�� ! � &��� "$!+

��%%!$� ���!$*� �'%� �*� �!&�� &��� %*%&��� ��!��%� � �� &��� %�� 

�'%�� ��$!'��� &��� %*%&��� ��!��%�� &��� %�$(���� "$!��%%!$� "$!+

(���%� ��!��� �� �!$� &��� � &�$�� �!���� ����� %*%&���� ���� %�� 

�'%� ���!)%� &��� %�$(���� "$!��%%!$� &!� %�&� � �� $���� &��� %&�&�� !�

&��� ��$�%� )�&�!'&� '%� �� &��� ��� � %*%&��� �'%�� ���%� �����+

 �%�� �%� '%��� &!� ��&�$�� �� � �� ��&�$� %*%&��� �! ���'$�&�! � � �

�!$� ���&!$*� &�%&� ��

���� %�$(���� "$!��%%!$� �%� �!  ��&��� &!� &��� "$!��%%!$%� � � &��

%*%&��� �*� &��� %�$(���� "$!��%%!$� �'%�� ���� %�$(���� "$!��%%!$

�'%� ���!)%� &��� "$!��%%!$%� &!� ����%%� � %&$'�&�! %� � �� ��&�

%&!$��� ! � &��� %�$(���� "$!��%%!$�� ���� � %&$'�&�! %� � ��'��

"$!��%%!$� %���+&�%&� �!��� � �� "$!��%%!$� ��"� �� &� �!���

)����� "�$�!$�%� �$���&��&��� %*%&��� �' �&�! %�� ���� ��&�

%&!$��� ! � &��� %�$(���� "$!��%%!$� � ��'��%� �! ���'$�&�! � � �!$+

��&�! � � �� �!�%� !�� %*%&��� ��&�(�&*� � �� "$!����%�� ���� %�$(���

"$!��%%!$� �'%� ��%!� ���!)%� &��� "$!��%%!$%� &!� ����%%� �!��! 

%*%&��� ��$�)�$�� &��&� �%� "�$&� !�� &��� %�$(���� "$!��%%!$�� %'��� �%

%*%&��� %&����� %&!$���� )����� �%� $�#'�$��� �*� &��� �	+�
��� �$+

���&��&'$��� � �� "$!(���%� ����%%� &!� &��� �! %!��� &�$�� ��%

&�$!'��� &��� ��!%�� �! %!��� "!$&�� 
���'%�� %�$(���� "$!��%%!$

�'%� ����%%� �%� � ��"� �� &� !�� &��� �! ��&�! � !�� &��� "$!��%%!$

���!$*� �'%�� &��� "$!��%%!$%� �� � ����%%� �$$!$� �� ��� �� �!���

����� �$$!$� �!�%�� � �� �!��' ���&�� )�&�� &��� �! %!��� &�$�� ��%

�(� � ��� &��� "$!��%%!$� ���!$*� �'%� ��%� &!&���*� �������

���� %�$(���� "$!��%%!$� �$�(�%� &��� %*%&��� %&�&'%� ��%"��*%� ! 

&��� �! &$!�� "� ���� ���%�� � ��'��� &��� ��$��� %&�&'%� ����&%�� &��

 '���$� !�� "$!��%%!$%� ��%"��*�� � �� &��� ��&�(�&*� ��%"��*�� ���

%�$(���� "$!��%%!$� ��%!� ��$$!$%� &��%� � �!$��&�! � ! &!� &��� �! +

%!��� &�$�� ��%� ! � &��� %&�&'%� �� ��



��� � � � � � � �0) � �

	� � 2' //6���&�-�� �*0-)�'

�# � �*)) �/$*).� � /2  )� /# � . -1$� � +-*� ..*-� �)�� /# 

�*).*' ����� ��-�� +-*1$� � . 1 -�'� !0)�/$*).�� �# � . -1$� 

+-*� ..*-�.� 0. -� $)/ -!�� � $.� (�� � �1�$'��' � *)� /# � '*��'� �)�

- (*/ � �*).*' � / -($)�'.� �4� /# � ��� ..� +*-/� !$-(2�- � 2#$�#

$.� +�-/� *!� /# � �*).*' ����� ��-��� �# � 0. -� $)/ -!�� � ��/�� $.

��--$ �� /#-*0"#� /# � . -1$� � +-*� ..*-� +*-/� �*)) �/$*)�� 
 6

��0. � /# � $)/ -)�'� ��6�
� ��-���" � 2#$�#� #*0. .� /# � �*).*' �

���� ��-�� $.� +*2 - �� �4� /# � .�( � .*0-� � *!� ��� +*2 -� �.� /# 

. -1$� � +-*� ..*-�� /# � ��� ..� +*-/� �)�� $/.� +�/#� /*� /# � �*).*' 

/ -($)�'.� �- � !0)�/$*)�'� 2# ) 1 -� /# � . -1$� � +-*� ..*-� $.

+*2 - ��� �# � .4./ (� +-*� ..*-.� ��� ..� /# � �*).*' � / -($6

)�'.� /#-*0"#� /# � �'*. � �*).*' � +*-/� �*)) �/$*)� /*� /# � ��� ..

+*-/� !$-(2�- � �0-$)"� /# �  �-'4� ./�" .� *!� /# � �**/� +-*� ..

�)�� �0-$)"� (��#$) � �# �&� +-*� ..$)"� 2# )� /# � ���� .0�.4.6

/ (� $.� )*/� ) � ..�-$'4� !0)�/$*)�'�� �# � . -1$� � +-*� ..*-� �'.*

. )�.� �*)/-*'� $)!*-(�/$*)� �)�� �*((0)$��/ .� $/.� ./�/0.� /*� /# 

�*).*' ����� ��-�� /#-*0"#� /# � . -1$� � +-*� ..*-� +*-/�� �*)6

.*' � / -($)�'� ��� ..� /*� /# � .4./ (� �)�� . -1$� � +-*� ..*-

!0)�/$*).� $.� �*)/-*'' �� �4� /# � ��� ..� +*-/� !$-(2�- � *)� /# 

�*).*' ����� ��-��

�� �*)) �/$*)�  3$./.� � /2  )� /# � . -1$� � +-*� ..*-� �)�� �� / ./

�*)/-*'' -� 0. �� !*-� .4./ (� / ./$)"� $)� /# � !��/*-4�� �#$.� �*)) �6

/$*)� �''*2.� /# � .4./ (� $)/ -)�'� ./�/ � /*� � � �*)/-*'' �� �)�

*�. -1 �� �0-$)"� / ./$)"�


 ��0. � /# � . -1$� � +-*� ..*-� �)�� +*2 -� .4./ (� �*)/-*'� �)�

(*)$/*-� �*� )*/� *+ -�/ � !-*(� /# � .�( � +*2 -� .0++'$ .� �.� /# 

+-*� ..*-� ( (*-4� �0.�� /# � . -1$� � +-*� ..*-�.� �*)/-*'� ! �6

/0- .� �)��  --*-� '*".� �- � �1�$'��' �  1 )� 2# )� /# � - (�$)� -

*!� /# � .4./ (� $.� $)*+ -��' �� 
 ��0. � '*""$)"��  --*-� #�)�'$)"�

�)�� �*).*' � �*((0)$��/$*).� +�/#.�  3$./� /#�/� �- � $)� + )6

� )/� *!� /# � .4./ (� �0. .�� /# . � !0)�/$*).� ��)� *+ -�/ �  1 )

2# )� .4./ (� �0. .� �- � 0)0.��' �� �# � . -1$� � +-*� ..*-� $.

�-�#$/ �/ �� .*� /#�/� $/.� !�$'0- � �* .� )*/� ��0. � /# � *+ -�/$)"

.4./ (� *-� +*2 -� .4./ (� /*� !�$'�� .*� /#�/� !�$'0- � *!� /# � . -1$� 

+-*� ..*-� �* .� )*/� ��0. � /# � .4./ (� /*� ./*+�� �# � ��� ..� +*-/

$.� $)� + )� )/� *!� /# � . -1$� � +-*� ..*-� �)�� � / �/.� . -1$� 

+-*� ..*-� !�$'0- �� �/� )*/$!$ .� /# � 0. -� *!� . -1$� � +-*� ..*-

!�$'0- � *)� /# � �*).*' � / -($)�'.�� +-*1$�$)"� /$( � !*-� /# � . -6

1$� � +-*� ..*-� /*� � � - +�$- �� � !*- � $/� $.� )  � �� !*-� .4./ (6

�-$/$��'� !0)�/$*).�

����	���

�# � #�-�2�- � $(+' ( )/�/$*)� � .�-$� �� ��*1 � $.�  3/- ( '4

!' 3$�' � � ��0. � *!� $/.� '�-" � �*)) �/$1$/4� $)/*� �''� *!� /# � (�$)

.4./ (� �- �.�� �.� �� - .0'/�� /# � . -1$� � +-*� ..*-�.� ! �/0- .� ��)

� � /�$'*- �� �)�� �#�)" �� /*�  ).0- � /#�/� /# � �0./*( -�.� . -1$� 

)  �.� �- � �� ,0�/ '4� ( /�� �# � . -1$� � +-*� ..*-� $)� $/.� �0-6

- )/� $(+' ( )/�/$*)� $)�'0� .� /# � . -1$� � ! �/0- .� � .�-$� �

$)� /# � !*''*2$)"� +�-�"-�+#.�

Configuration Control. � �# � . -1$� � +-*� ..*-� &  +.� �� - �*-�� *!
/# � +-*� ..*-� ( (*-4� �0.� �*)!$"0-�/$*)� $)�'0�$)"� .'*/� )0(6

� -�� �*�-�� /4+ �� - 1$.$*)�� �)�� . -$�'� )0(� -�� �# � . -1$� 

+-*� ..*-� - �*)�$' .� �)�� 0+��/ .� /#$.� $)!*-(�/$*)�  ��#� /$( 

/# � .4./ (� $.� �**/ �� �4� .��))$)"� /# � +-*� ..*-� ( (*-4� �0.

�)�� $� )/$!4$)"� /# � (*�0' .� $/� !$)�.�� ��-$*0.�  --*-� �*)�$/$*).

��0. � � ! �/$1 � +-*� ..*-� ( (*-4� �0.� (*�0' .� /*� � � �0/*6

(�/$��''4� - (*1 �� !-*(� /# � �*)!$"0-�/$*)�� �# � 0. -� $.� �' -/ �

/*� .0�#� �#�)" .� �)�� �**/� ��)� � � *+/$*)�''4� +�0. �� *)� �*)6

!$"0-�/$*)� �#�)" .�� �# � . -1$� � +-*� ..*-�.� 0. -� $)/ -!�� 

�*)/�$).� �*((�)�.� /*� �$.+'�4� �)�� �'/ -� /# � �*)!$"0-�/$*)�

$)�'0�$)"� - (*1$)"� (*�0' .� !-*(� /# � �*)!$"0-�/$*)� *-� ���6

$)"� /# (� ���&� $)/*� /# � �*)!$"0-�/$*)�� �*�0' .� /#�/� �- � - 6

(*1 �� )*� '*)" -�  ' �/-$��''4� �!! �/� /# � .4./ (�� (�&$)"� �*)6

!$"0-�/$*)� �)�  !! �/$1 � ( �).� *!� - (*/ '4� /-*0�' .#**/$)"

+-*�' (.� *)� /# � +-*� ..*-� ( (*-4� �0.�

Logs. � �# � . -1$� � +-*� ..*-� #�.� �� '�-" � '*"� �- �� /#�/� �*)/�$).
'*".� *!� �''� . -1$� 6+-*� ..*-61$.$�' �  1 )/.� *!� .0++*-/� .$")$!$6

��)� �� ���#� '*"� �*)/�$).� /# � /$( .� *!�  1 )/� *��0-- )� .�

�*".� /#�/� 2�-)� *!� �-$/$��'� +-*�' (.� ��0. � �*)/-*'� +�) '� �)�

�*).*' � / -($)�'� $)�$��/$*).� 0)/$'� /# 4� #�1 � �  )� - ��� �4

/# � .4./ (� *+ -�/*-�� �# � . -1$� � +-*� ..*-� 0. -� $)/ -!�� 

�*)/�$).� �*((�)�.� /*� - ��� �)�� (�)�" � /# � . -1$� � +-*� .6

.*-� '*".�� �)!*-(�/$*)� $)� /# � . -1$� � +-*� ..*-� '*".� ��)� � 

��� .. �� �4� �$�")*./$�� .*!/2�- � -0))$)"� 0)� -� /# � *+ -�/$)"

.4./ (�� �# � . -1$� � +-*� ..*-� '*".� $)�'0� �

• �*2 -� .4./ (� �)*(�'$ .

• �)1$-*)( )/�'� �)*(�'$ .

• ��� +*2 -� !�$'0- � $)!*-(�/$*)

• �0/*(�/$�� +-*� ..*-� ( (*-4� �0.� (*�0' � � �*)!$"0-�/$*).

/#�/� *��0-� � ��0. � *!� !�$'0- .

• �+ -�/$)"� .4./ (� (�%*-� ./�/ � �#�)" .� �.0�#� �.� �**/�� / ./$)"�

$)$/$�'$5�/$*)�� -0))$)"�� 2�-)$)"�� .#0/�*2)�

• �$"#6+-$*-$/4� (��#$) � �# �&� $)!*-(�/$*)

• �-*�' (.� /#�/� *��0-� �0-$)"� .4./ (� ./�-/0+� � !*- � /# �

+-*� ..*-.� � "$)�  3 �0/$*)

• �-*� ..*-� . '!6/ ./� !�$'0- � $)!*-(�/$*)�

Operating System Watchdog. � �# � . -1$� � +-*� ..*-� ��)� � 
�*)!$"0- �� /*� *�. -1 � *+ -�/$)"� .4./ (� ��/$1$/4� �)�� /*� (�& 

'*"�  )/-$ .� �)�� �*)/-*'� +�) '� �)�� �*).*' � $)�$��/$*).� $)� /# 

 1 )/� *!� �++�- )/� *+ -�/$)"� .4./ (� !�$'0- �

Electronic Firmware Updates.� �# � . -1$� � +-*� ..*-� �)��
+-*� ..*-� � + )� )/� �*� � 2*-&� /*" /# -� /*� 0+��/ � .4./ (

!$-(2�- � 2$/#*0/� /# � )  �� !*-� #�-�2�- � - +'�� ( )/�� �# 

. -1$� � +-*� ..*-� �*)/�$).� /# � .4./ (� +-*� ..*-� � + )� )/

�*� � ��**/� �)��  --*-� !$-(2�- ��� /# � !$-(2�- � !*-� /# � +*2 -

.4./ (� �*)/-*'� �)�� (*)$/*-� /*� �*)/-*'� /# � +*2 -� .4./ (�

�)�� $/.� *2)� !$-(2�- �� �2*� �*+$ .� *!�  ��#�  3$./� $)�  ' �/-$6

��''4�  -�.��' � ./*-�" � .*� /#�/� *) � �*+4� ��)� � � 0+��/ �� 2#$' 

/# � */# -� �*+4� $.� 0)�#�)" ��� �# � . -1$� � +-*� ..*-� ��)

.2$/�#� � /2  )� /# � /2*� �*+$ .� $)� ��. � �� +-*�' (� *��0-.� $)

*) � �*+4�

Remote Access.� �# � 0. -� "�$).� ��� ..� /*� /# � . -1$� � +-*� .6
.*-� 0. -� $)/ -!�� � /#-*0"#� /# � ��� ..� +*-/�� �# � ��� ..� +*-/� $.

/# � .$)"' � +*$)/� *!� �*)) �/$*)� !*-� /# � .4./ (� �*).*' � / -($6

)�'.�� �*/#� '*��'� �)�� - (*/ �� �.� �� - .0'/�� �''� /-*0�' .#**/$)"

$)!*-(�/$*)� /#�/� $.� �1�$'��' � *)� '*��'� �*).*' � / -($)�'.� $.

�1�$'��' � - (*/ '4�

Factory Test Support.� �# � . -1$� � +-*� ..*-� . -1 .� �.� �� .��)
�*)/-*'' -�� +-*1$�$)"� !0''� ��� ..� /*� /# � $)/ -)�'� ./�/ � *!� /# 

�0./*(� ����� �#$+.� �*)/�$) �� *)� +-*� ..*-� ( (*-4� �0.

��-�.�� �#$.� ��� ..� $.� +-*1$� �� /#-*0"#� /# � +-*"-�((��' 

�'*�&� .4./ (� �)�� /# � .��)� �0.�� �.$)"� /# � .��)� �*)/-*'' -

! �/0- .� *!� /# � . -1$� � +-*� ..*-�� �� !��/*-4� / ./� �*)/-*'' -� ��)

/ ./� /# � '*"$�� $)� /# � +-*� ..*-� ( (*-4� �0.� +*-/$*)� *!� /# 

.4./ (� 0)� -� �0/*(�/$�� �*)/-*'�

System Status Control.� 
 ��0. � /# � . -1$� � +-*� ..*-� �*)/-*'.
/# � .4./ (� ./�/0.� $)�$��/*-.�� $/� $.� ��' � /*� �$.+'�4� �)� ���0-�/ 

.0((�-4� *!� /# � �*(+' / � #�-�2�- � �)�� .*!/2�- � ./�/ � *!� /# 



�0) � 
��
� � 2' //6���&�-�� �*0-)�'� � � � � � � ��

��
�� ���� �*2 -� .4./ (� �'*�&� �$�"-�(�

Power System
Control and

Monitor (Part
of Service
Processor

Board)

To
Processor
Memory

Bus
SYS CONFIG

TEMP SENSE

SPON

PfwL

PON

CPU
Interface

Service
Processor
Interface

AC
Front
End

Interface

Fan
Monitors
(Fan Tray)

I/O Power
Interface

AC Front
End

To I/O
Cardcage

200-240Vac

200-240V
AC Line

HVDC Rail
(300Vdc)

To Service
Processor

+5V
+16V
–16V

Miscella-
neous
Power
Module

+2.0V

+2.0V

–2.5V

–2.5V

+3.0V

24V 325W +24V

5V 325W
+5.0V

5V 325W

5V 325W
+5.0V

5V 325W

5V 650W
+5.0V

5V 650W

5V 650W

+5.0V
5V 650W

5V 650W

5V 650W

Low-
Voltage

Converters

Control Signal

Power Path

Optional

Converter
Interface

.4./ (�� �# � . -1$� � +-*� ..*-� ��)� �*� /#$.�  1 )� 2# )� /# 

.4./ (� +-*� ..*-.� *-� (�$)� +*2 -� .4./ (� �- � 0)��' � /*�

*+ -�/ �

�
�	�� ����	�

�# � +*2 -� .4./ (� +-*1$� .� - "0'�/ �� '*261*'/�" � ��� /*� �''

'*"$�� �.. (�'$ .� $)� /# � +-*� ..*-� ( (*-4� �0.� ��-���" �� �)�

/*� /# � �--�4� *!� !�).� '*��/ �� %0./� � '*2� /# � ��-���" � �.. (�'4�

�# � +*2 -� .4./ (� $.� � .$") �� /*� "-*2� �)�� - '$��'4� .0++*-/

/# � )  �� !*-�  1 -6$)�- �.$)"� +-*� ..*-�� ( (*-4�� �)�� ���� + -6

!*-(�)� �� �/� #�.� /# � ��+��$/4� /*� � '$1 -� �'(*./� 
�			� 2�//.� *!

��� '*��� +*2 -� �*)/$)0*0.'4�� �# � �'*�&� �$�"-�(� *!� /# 

+*2 -� .4./ (� $.� .#*2)� $)� �$"�� �
�� �# � (*�0'�-� � .$")� �*)6

.$./.� *!� �)� ��� !-*)/6 )�� �.. (�'4�� . 1 -�'� '*261*'/�" � ��6

/*6��� �*)1 -/ -.�� �)�� �� +*2 -� .4./ (� �*)/-*'� �)�� (*)$/*-

�0$'/� 2$/#$)� /# � . -1$� � +-*� ..*-�

�# � ��� !-*)/�  )��� .#*2)� $)� �$"�� ���� �*)/�$).� *) � /*� /#-  

+*2 -6!��/*-6�*-- �/$)"� 0+�*)1 -/ -� (*�0' .��  ��#� +-*1$�$)"

- "0'�/ �� �		����� �)�� #�.� �)� *0/+0/� ��+��$/4� *!� ���� &$'*2�//.�

�# � 0+�*)1 -/ -� (*�0' .� -0)� *)� .$)"' 6+#�. � *-� �0�'6+#�. �

�	����� $)+0/�� �# 4� #�1 � *0/+0/� OR$)"� �$*� .�� $(+' ( )/

*0/+0/� �0-- )/� .#�-$)"�� �)�� �- � ��+��' � *!� +-*1$�$)"� /-0 

��
� - �0)��)�4� !*-� #$"# -� .4./ (� ��+��$/4� �)�� �1�$'��$'$/4�

���
� - �0)��)�4� ( �).� /#�/� �� .4./ (� $.� �*)!$"0- �� 2$/#

*) � (*- � (*�0' � /#�)� $.� ) � ..�-4� !*-� )*-(�'� *+ -�/$*)�� �!

/# - � $.� �� .0�. ,0 )/� .$)"' � (*�0' � !�$'0- � /# �  3/-�� (*�0' 

2$''� /�& � *1 -� /# � !�$' �� (*�0' �.� *+ -�/$*)��

�# � ��/$1 � +*2 -6!��/*-6�*-- �/$)"� � .$")� �''*2.� /# � +-*�0�/

/*� �-�2� ) �-� 0)$/4� +*2 -� !��/*-��  '$($)�/$)"� /# � #�-(*)$�

�0-- )/.� /4+$��''4� " ) -�/ �� �4� /# � .2$/�#$)"� +*2 -� .0++'$ .

$)� �� �*(+0/ -� .4./ (�� �# � � .$")� �'.*� #�.� �� 1 -4� 2$� � ��

$)+0/� *+ -�/$)"� -�)" �� $.� - '�/$1 '4� $). ).$/$1 � /*� '$) � 1*'/�" 

/-�).$ )/.� �)�� 1�-$�/$*).�� �)�� �''*2.� �� �*((*)� � .$")� /*� � 

0. �� 2*-'�2$� �� �/� �'.*� +-*1$� .� �� 2 ''6- "0'�/ �� �		���

*0/+0/� /*� /# � '*261*'/�" � ��6/*6��� �*)1 -/ -.�

�# � '*261*'/�" � ��6/*6��� �*)1 -/ -.� �- � ! �� !-*(� �� .$)"' 

�		�� -�$'� �)�� � '$1 -� - "0'�/ �� ��� 1*'/�" � /#-*0"#*0/� /# 

(�$)� +-*� ..*-� ��-���" �� �# � .$)"' 6*0/+0/� �*)1 -/ -.�� *!

2#$�#� /# - � �- � /2*� /4+ .�� #�1 � ��+��$/$ .� *!� ���� �)�� ��	

2�//.� �)�� �� +*2 -� � ).$/4� *!� ��*0/� �� 2�//.� + -� �0�$�� $)�#�

�# 4� #�1 � �0-- )/� .#�-$)"� ��+��$'$/4� !*-� $)�- �. �� *0/+0/

��+��$/4�� �)�� �- � � .$") �� /*� - �*1 -� ,0$�&'4� $)� /# �  1 )/� *!

�� (*�0' � !�$'0- � $)� �� - �0)��)/� �*)!$"0-�/$*)�� �# � �*)1 -/6

 -.� #�1 � *0/+0/� *)�*!!� �*)/-*'� �)�� �� '*26+*2 -� (*� � /*

($)$($5 � +*2 -� �-�$)� *)� /# � �		�� -�$'� 2# )� .#0/� �*2)�

�# $-� *0/+0/� 1*'/�" � ��)� � � ��%0./ �� �4� /# � +*2 -� .4./ (

�*)/-*'� �)�� (*)$/*-�

�# � +*2 -� .4./ (� �*)/-*'� �)�� (*)$/*-� +-*1$� .� �*)/-*'� !*-

+*2 -� . ,0 )�$)"�� !�)� .+  �� �*)/-*'�� �)�� / (+ -�/0- � ( �6

.0- ( )/�� �/�  ).0- .� /#�/� /# � (*�0'�-� �*)1 -/ -.� �)�� /# 

.4./ (� '*��� �- � �*).$./ )/� 2$/#�  ��#� */# -�� �# � �*)/-*'' -

�'.*� (*)$/*-.� ./�/0.� �)�� .4./ (� 1*'/�" .�� �#$.� $)!*-(�/$*)� $.

�*((0)$��/ �� /*� /# � . -1$� � +-*� ..*-� �)�� .�1 �� $)� �� '*"� /*

�$�� $)� /# � .0++*-/� �)�� (�$)/ )�)� � *!� /# � .4./ (�

�*" /# -�� /# � +*2 -� .4./ (� �*)/-*'� �)�� (*)$/*-�� +*2 -6

!��/*-6�*-- �/$)"� 0+�*)1 -/ -.�� �)�� '*261*'/�" � ��6/*6��

�*)1 -/ -.� !*-(� �� .��'��' �� #$"#6��+��$/4�� #$"#'4� �1�$'��' �

(*�0'�-� +*2 -� .4./ (�� �# � .4./ (� $.�  �.$'4� 0+��/ �� �)�

��)� � � 0+"-�� �� /*� .0++*-/� #$"# -6+ -!*-(�)� � +-*� ..*-�

��
�� ���� ��� !-*)/�  )�� �'*�&�

�$�"-�(�

2

Unit 3

Interface to
Power
System

Control and
Monitor

200-240V
AC Line

Chassis
Ground

Power-Cord
Termination

Circuit
Breaker

Line Configuration
Terminal Block

L1

L2

 High-Voltage Power
Supply Unit 1

Unit 2

To Internal I/O
Cardcage

HVDC

Power-Factor-Correcting
Upconverter Modules



��� � � � � � � �4-%� 	���� �%6+%339�!#*!1$� �.41-!+

,%,.18�� !-$� ���� 3%#(-.+.')%2� !2� 3(%8� !1%� $%5%+./%$� &.1� 3(%

�.$%+� �
��� /+!3&.1,�

	����
�� ����
�

�(%� �.$%+� �
��� /!#*!'%� )2� !� 2)-'+%9"!8� #!")-%3�� �5%1!++�� )3

)2� �
�� ,,� 6)$%� "8� ��
� ,,� $%%/� "8� 	�
�� ,,� 3!++�� �� &4++8

+.!$%$� #!")-%3� #!-� 6%)'(� !2� ,4#(� !2� ���� *'� ����� +"��� �

2*%+%3!+� &1!,%� /1.5)$%2� 3(%� #!")-%3�2� 2314#341%�� 24//.13)-'

3(%� #!1$� #!'%2�� &!-� 31!8�� !-$� !#� &1.-3� %-$� 1!#*�� �73%1-!+� %-9

#+.241%2� 6)3(� 5%-32� !-$� !� #.-31.+� /!-%+� !33!#(� 3.� 3(%� &1!,%�

�(%� /1.#%22.1� ,%,.18� "42� ".!1$2� !-$� 3(%� +.695.+3!'%� $#9

3.9$#� #.-5%13%12� 1%2)$%� )-� #!1$#!'%2� )-� 3(%� 4//%1� (!+&� .&� 3(%

�.$%+� �
��� #!")-%3�� �(%8� /+4'� )-3.� ".3(� 2)$%2� .&� !� 5%13)#!++8

.1)%-3%$�� #%-3%1%$� "!#*/+!-%� 3.� ,%%3� "42� +%-'3(� 1%231)#3).-2�

�� "42� "!1� !22%,"+8� !33!#(%2� 3.� 3(%� 4//%1� (!+&� .&� 3(%� "!#*9

/+!-%� 3.� $)231)"43%� /.6%1� &1.,� 3(%� +!1'%1� �
�96!33� #.-5%13%12

3.� 3(%� %73%-$%$9/.6%1� 2+.32� 3(!3� 3(%� /1.#%22.1� ".!1$2� 42%�

�(%1%� !1%� 	�� /1.#%22.1� ,%,.18� "42� 2+.32� )-� 3(%� �.$%+� �
���

2)7� )-� 3(%� &1.-3� #!1$#!'%� !-$� 3%-� )-� 3(%� 1%!1� #!1$#!'%�� �)'(3

.&� 3(%� 	�� 2+.32� !1%� %73%-$%$9/.6%1� 2+.32�� 6()#(� (!5%� !� ".!1$9

3.9".!1$� /)3#(� .&� 
��� )-#(%2�� 36)#%� 3(%� 	�
9)-#(� /)3#(� .&� 3(%

.3(%1� %)'(3� 23!-$!1$� 2+.32�� �(%2%� 6)$%1� 2+.32� !++.6� )-#1%!2%$

#..+)-'� #!/!")+)38� &.1� 3(%� /1.#%22.1� ".!1$� (%!3� 2)-*2�� �(%

23!-$!1$� 2+.32� !1%� 42%$� &.1� "42� #.-5%13%12�� �%,.18� ".!1$2

#!-� '.� )-� %)3(%1� 23!-$!1$� 2+.32� .1� %73%-$%$9/.6%1� 2+.32�

�..*)-'� !3� 3(%� &1.-3� 5)%6� .&� 3(%� #!")-%3� )-� �)'�� 
��� 2)7�

%73%-$%$9/.6%1� /1.#%22.1� ,%,.18� "42� 2+.32� !1%� 3.� 3(%� +%&3

.&� 3(%� +.695.+3!'%� $#93.9$#� #.-5%13%1� #!1$#!'%2� )-� 6()#(

��
�� ���� �1.-3� 5)%6� .&� �.$%+� �
��� #!")-%3�

Bus Bar

Backplane

Control Panel
Bracket

Processor/Memory
(6 Slots)

650W Converters
(4 Slots)

Miscellaneous
Power Module

325W Converters
(2 Slots)

Fan Tray

��
�� ���� �%!1� 5)%6� .&� �.$%+� �
��� #!")-%3�

650W Converters
(4 Slots)

325W Converters
(3 Slots)

Service Processor

Memory/Bus Converter
(8 Slots)

Processor/Memory
(2 Slots)

Power-Factor-Correcting
Upconverters

(3 Places)

HP-PB Cardcage
(8 Slots)

AC Front End

&.41� �
�96!33� #.-5%13%12� 1%2)$%� !".5%� 36.� �

96!33� #.-5%139

%12� !-$� 3(%� ,)2#%++!-%.42� /.6%1� ,.$4+%��  (%-� 5)%6)-'� 3(%

1%!1� .&� 3(%� #!")-%3� )-� �)'�� 
��� 3%-� /1.#%22.1� ,%,.18� "42

2+.32�� 36.� .&� 6()#(� !1%� %73%-$%$9/.6%1�� 1%2)$%� 3.� 3(%� 1)'(3

.&� 3(%� #.-5%13%1� #!1$#!'%2� )-� 6()#(� &.41� �
�96!33� #.-5%13%12

!1%� !".5%� 3(1%%� �

96!33� #.-5%13%12�� �(%� 2%15)#%� /1.#%22.1� )2

+.#!3%$� )-� !� $%$)#!3%$� 2+.3� "%36%%-� 3(%� 1%!1� /1.#%22.1

,%,.18� "42� !-$� 3(%� #.-5%13%1� #!1$#!'%2�

�(%� &!-� 31!8� )2� +.#!3%$� "%-%!3(� 3(%� #!1$#!'%2�� �)1� %-3%12

3(1.4'(� 3(%� 3./� 5%-32� .&� 3(%� #!")-%3� !-$� )2� /4++%$� 3(1.4'(

!)1� &)+3%12� !-$� 3(%-� 3(1.4'(� 3(%� /1.#%22.1� ,%,.18� "42� !-$

$#93.9$#� #.-5%13%1� #!1$#!'%2� 3.� 3(%� &!-� 31!8�� �!+&� .&� 3(%� !)1� )2

%7(!423%$� 3(1.4'(� 3(%� +.6%1� #!")-%3� 5%-32� 6()+%� 3(%� .3(%1

(!+&� )2� $)1%#3%$� 3.� #..+� 3(%� ��9��� #!1$#!'%� ".!1$2� +.#!3%$� )-

3(%� !#� &1.-3� %-$� 1!#*�� �(%� &!-� 31!8� )2� ,.4-3%$� .-� #(!22)2

2+)$%2� 3.� !++.6� 04)#*� !##%22� 3.� 3(%� &!-2�

�(%� !#� &1.-3� %-$� 1!#*� )2� ,.4-3%$� .-� 3(%� "!2%� .&� 3(%� �.$%+

�
��� #!")-%3�� �()2� 1!#*� (.+$2� 4/� 3.� 3(1%%� /.6%19&!#3.19

#.11%#3)-'� /.6%1� 24//+8� ,.$4+%2�� !-� )-3%1-!+� ��9��� #!1$9

#!'%�� !-$� 3(%� !#� )-/43� 4-)3�� �(%� ��9��� /.6%1� 24//+8� (!2� )32

.6-� )-3%'1!+� #..+)-'� &!-�� �(%� !#� &1.-3� %-$� /.6%19&!#3.19

#.11%#3)-'� ,.$4+%2� (!5%� 3(%)1� .6-� &!-2� !-$� !)1� &)+3%12� !-$

3!*%� )-� #..+� !)1� &1.,� 3(%� 1%!1� +.6%1� /.13).-� .&� 3(%� #!")-%3

!-$� %7(!423� !)1� .43� !3� 3(%� &1.-3� +.6%1� /.13).-� .&� 3(%� #!")-%3�

�(%� 1%!1� .&� 3(%� )-3%1-!+� ��9��� #!1$#!'%� (!2� !-� ��9��� "42

#.-5%13%1� !-$� 2%5%-� $.4"+%9()'(� .1� 	�� 2)-'+%9()'(� ��9��

2+.32� !2� 6%++� !2� 3(%� "!33%18� &.1� "!33%18� "!#*4/�� �(%� &1.-3� .&

3(%� ��9��� #!1$#!'%� (!2� !� /.6%1� 24//+8� !-$� 3(%� /.6%1� 2829

3%,� #.-31.+� !-$� ,.-)3.1� ,.$4+%�� ��9��� "!#*/+!-%� )-2%13).-

)2� &1.,� 3(%� 3./� .&� 3(%� #!1$#!'%� "8� 6!8� .&� !� 2(%%39,%3!+

#!11)%1�



�2+"� ����� �"4)"118�� (�/!� �,2/+�)� � � � � � � ��

�!!&1&,+�)� /� (*,2+1� ��8��� "5-�+0&,+� *,!2)"0� �+!� 0601"*

-"/&-%"/�)0� �/"� %,20"!� &+� -"/&-%"/�)� /� (0�� �,1%� ��8���  �/!

 �$"0� �&+1"/+�)� �+!� /� (*,2+1�� )"3"/�$"� 1%"� 0�*"� -,4"/

02--)6� �+!� �� (-)�+"� �00"*�)&"0�� �21� %�3"� !&##"/"+1� ,3"/�))

-� (�$"� !"0&$+0�� �%"� /� (*,2+1� 3"/0&,+� %�0� ��  ,,)&+$� #�+

1%�1� !&/" 10� �&/� &+� �� #/,+181,8�� (� !&/" 1&,+�� �%"� ��8��

�,�/!0� *,2+1� &+� �� %,/&7,+1�)� ,/&"+1�1&,+� �+!� 1%"�  ��)"0� "5&1

1,4�/!0� 1%"� /"�/� ,#� 1%"� -"/&-%"/�)� /� (�� �%"� /� (*,2+1� 2+&1

&0� 
��� **� %&$%� ��� ���� 01�+!�/!� &+ /"*"+10�� �6� �	�� **

4&!"� �6� ���� **� !""-�� �%"� -"/&-%"/�)� /� (0� �/"� 
��� **

4&!"� �6� ���� **� !""-� �6� �
	�� **� 1�))� �+!� %�3"� *,2+1&+$0

1,� %,)!� -/,!2 10�  ,+#,/*&+$� 1,� 1%"� ���� ��8&+ %� 01�+!�/!�

�%"� �,!")� ����� &+!201/&�)� !"0&$+� 1"�*� !/,3"� 1%"� 0601"*

-� (�$&+$� !"0&$+� 1,�  ,*"� 2-� 4&1%� �� 2+&#&"!� �--"�/�+ "� #,/

���0� %&$%8"+!� �+!� *&!/�+$"� *2)1&20"/� 0601"*0�� �%"� /"02)1� &0

�+� &+!201/&�)� !"0&$+� 01�+!�/!� #,/� �� -"/&-%"/�)� /� (� 0601"*

1%�1� #&10� 4"))� 4&1%� 1%"� �,!")� ����� !"0&$+�� �%&0�  ,,-"/�1&3"

"##,/1� "+02/"!�  ,+0&01"+ 6� &+� �--"�/�+ "� �+!� #2+ 1&,+�)&16�

���������������� �������
�����

���� 0%&")!&+$� 1�("0� -)� "� �1� 1%"� -/&+1"!�  &/ 2&1� �,�/!� )"3")�

1%"� -,4"/� 02--)6� )"3")�� �+!� 1%"�  �/! �$"� )"3")� �+!� !,"0� +,1

/")6� ,+� "51"/+�)� "+ ),02/"0� #,/�  ,+1�&+*"+1�� �%&0� (""-0

+,&0"�  ,+1�&+"!�  ),0"� 1,� 1%"� 0,2/ "�� �� %"5�$,+�))6� -"/#,8

/�1"!� *"1�)� 0 /""+� &0� 20"!� ��,3"� �+!� �"),4� 1%"� -/, "00,/

*"*,/6� �20�  �/! �$"� 1,� *&+&*&7"� /"0&01�+ "� 1,� �&/#),4

4%&)"� -/,3&!&+$� 1%"� /".2&/"!� ���� -/,1" 1&,+�� �& (")� -)�1&+$

&0� 20"!� ,+� 1%"� 01"")�  �/! �$"� -&" "0� 1,� "+02/"� ),4� ")" 1/& �)

/"0&01�+ "� �"14""+� *�1&+$� *"1�)� -�/10�� �%"� �� (-)�+"� %�0

-)�1"!� -�!0� &+� 1%"� �/"�0� 1%�1�  ,+1� 1� 1%"�  �/! �$"� -&" "0�

�,+!2 1&3"� $�0("10� �/"� 20"!� 1,� "+02/"� $,,!�  ,+1� 1� �"14""+

1%"� �� (-)�+"�� 1%"�  �/! �$"0�� �+!� 1%"�  ,3"/� -)�1"0�� ���

�")" 1/,01�1& � !&0 %�/$"�� $/,2+!&+$� 4/&01� 01/�-0� �/"� -/,3&!"!

&+� �,1%� 1%"� #/,+1� �+!� /"�/� ,#� 1%"�  ��&+"1�

�2/#� "� *,2+1� #&)1"/&+$� &0� 20"!� ,+� 1%"� �� (-)�+"� 1,�  ,+1/,)

+,&0"� ,+� 0&$+�)� )&+"0� "5&1&+$� 1%"� %&$%8#/".2"+ 6� -/, "00,/

*"*,/6� �20�  �/! �$"0� �+!� 1,� -/"3"+1� +,&0"� #/,*�  ,2-)&+$

&+1,� 1%"� ),483,)1�$"� ! 81,8! �  ,+3"/1"/0�

�))� -/, "00,/� *"*,/6� �20� �,�/!0� %�3"� �� /,21"!� !"1�&)� &+

#,2/�  ,/+"/� ), �1&,+0� �),+$� 1%"� �,�/!� -"/&*"1"/� 1,� �)),4� #,/

$/,2+!&+$�  ,+1� 1�� �� 0*�))�  201,*� 0-/&+$� #&10� &+1,� 3&�� %,)"0

�+!� /"0&!"0� &+� 1%"� /,21"!8,21� 0-� "�� �%&0� 0-/&+$� -/,1/2!"0

-�01� 1%"� "!$"� ,#� 1%"� �,�/!� �+!�  ,+1� 10� 1%"�  �/!� $2&!"0� &+

1%"�  �/! �$"�� �2/#� "� *,2+1� /"0&01�+ "� ")"*"+10� )&"� �"14""+

1%"� 3&�0� �+!� 1%"� �,�/!� $/,2+!� -)�+"0�� �%&0� *"1%,!� ,#

$/,2+!&+$� 1%"� -/, "00,/� *"*,/6� �20� �,�/!0� %")-0� /"!2 "

���� "*&00&,+0�

������� 
������� �������� ������

�%"� -/, "00,/� *"*,/6� �20�  �/! �$"� &0� !"0&$+"!� 1,� �  "-1

�
��8&+ %8%&$%8�68��8&+ %8!""-� �,�/!0�� �%&0� )�/$"� 0&7"� 4�0

/".2&/"!� #,/� 1%"� 	�
�8�61"� *"*,/6� �,�/!�� �&+ "� 1%"� -/, "08

0,/� �+!� -/, "00,/� *"*,/6� �20�  ,+3"/1"/� !&!� +,1� /".2&/"

)�/$"� �,�/!0�� &1� 4�0� &*-,/1�+1� 1,� %�3"� ��  �/! �$"� �+!�  ,3"/

-)�1"� !"0&$+� 1%�1� �)),40� �,�/!0� ,#� 3�/&,20� !"-1%0� 1,� �"

-)2$$"!� &+1,� 1%"� 0�*"�  �/! �$"�� 1%"/"�6� ,-1&*&7&+$� �,�/!

-�+")� 20"�

�%"� -/, "00,/� -)2$0� &+1,� 1%&0� !""-�  �/! �$"� �6� *"�+0� ,#� �

0%""18*"1�)� "51"+!"/�� �%"� �20�  ,+3"/1"/� 4�0� *,/"� !&##& 2)1

1,� �  ,**,!�1"� 0&+ "� 1%&0� 0%�)),4� �,�/!� /".2&/"0�  ��)"0� 1,

	���� ���� �20�  ,+3"/1"/� 0%""18*"1�)� !"0&$+�� 0%,4&+$� 1/�+0&1&,+� -)�1"�

Transition Plate

�11� %� 1,� &10� #/,+1-)�+"�� �%"/"#,/"�� �� 1/�+0&1&,+� -)�1"� 4�0� !"8

3"),-"!� 1,� 1/�+0&1&,+� #/,*� 1%"� 0%�)),4"/� �,�/!� �2)(%"�!0� 1,

1%"� #2))8!"-1%�  �/! �$"�  ,3"/� -)�1"0� �0� 0%,4+� &+� �&$�� 	��

�%&0� 1/�+0&1&,+� -)�1"� ), (0� &+1,� 1%"� �!'� "+1� �2)(%"�!� 1,

*�&+1�&+� 1%"� ���� "+ ),02/"�� �,4"3"/�� "&1%"/� 1%"� 1/�+0&1&,+

-)�1"� ,/� 1%"� �!'� "+1� �2)(%"�!� 1,� 4%& %� &1� )�1 %"0�  �+� �"

/"*,3"!� 4&1%,21� !&012/�&+$� 1%"� ,1%"/�

�%"� �,!")� ����� �� (-)�+"� &0� 	��
� &+ %"0� 4&!"� �6� 	���

&+ %"0� %&$%� �6� ������ &+ %� 1%& (� �+!� %�0� ��� )�6"/0�� �%&0� �� (8

-)�+"� %�0� *�+6� -�00&3"�  ,*-,+"+10� ,+� �,1%� 0&!"0�� &+ )2!8

&+$� -/"008#&1� �+!� 0,)!"/81�&)�  ,++" 1,/0�� 02/#� "� *,2+1� /"0&08

1,/0� �+!�  �-� &1,/0�� -/, "00,/� �20� ��/0�� �+!� #&)1"/0�� �%"

�� (-)�+"�  ,++" 1,/0� �/"� !"0&$+"!� 1,� �)),4� �1� )"�01� 	��

&+0"/1&,+0� �+!� 4&1%!/�4�)0�



��� � � � � � � �5.%� 	���� �%7,%44;�!#+!2$� �/52.!,

�� #/.42/,,%$;)-0%$!.#%� #/..%#4/2� )3� 53%$� /.� 4(%� 02/#%33/2

-%-/29� "53� "/!2$3� 4/� -!4%� 4/� 4(%� "!#+0,!.%�� �(%� #/$%6%,;

/0-%.4� 4(!4� 4//+� 0,!#%� 7)4(� 4(%� #/..%#4/2� 3500,)%2� 7!3� !

-!*/2� 5.$%24!+).'� 4/� %.352%� 4(!4� 4(%� #/..%#4/2� 7/5,$� 7/2+

).� /52� 352&!#%� -/5.4� 02/#%33%3� 2%0%!4!",9� !.$� -%%4� /52

2%,)!"),)49� !.$� 3%26)#%!"),)49� 2%15)2%-%.43�

������


�(%� �/$%,� �
��� #//,).'� 3934%-� )3� $%3)'.%$� 4/� $%,)6%2� ()'(

3934%-� !6!),!"),)49�� �()3� )3� !#()%6%$� "9� ).#/20/2!4).'� 2%$5.;

$!.4� &!.3�� &!.;30%%$� 4!#(/-%4%23�� !)2� 4%-0%2!452%� 3%.3/23� /.

4(%� (/44%34� 0!243� /&� 4(%� "/!2$3�� !.$� -5,4)0,%;30%%$� &!.3�� �(%

�/$%,� �
��� -%%43� 4(%� ��� %.6)2/.-%.4!,� �,!33� �
� 30%#)&)#!;

4)/.� &/2� !,4)45$%3� 50� 4/� 	������ &%%4� 7)4(� !.� %84%.3)/.� ).

4%-0%2!452%� 2!.'%� 50� 4/� ��°��

�/-054!4)/.!,� &,5)$� $9.!-)#3� 3/&47!2%� !.$� 4(%2-!,� !.!,93)3

302%!$3(%%43� 7%2%� 53%$� 4/� %6!,5!4%� 6!2)/53� #/-0/.%.43�

(%!4� 3).+3�� !.$� "/!2$� 0,!#%-%.43�� �(%3%� 4//,3� (%,0%$� 4(%

4%!-� -!+%� 15)#+� $%3)'.� $%#)3)/.3� $52).'� 4(%� 02/4/490%

34!'%3�� �,,� ()'(;0/7%2%$� #/-0/.%.43� 4(!4� 7%2%� #!,#5,!4%$� 4/

/0%2!4%� #,/3%� 4/� 4(%)2� -!8)-5-� !,,/7!",%� *5.#4)/.� 4%-0%2!;

452%� ).� 4(%� 7/234;#!3%� %.6)2/.-%.4� 7%2%� 0!#+!'%$� 7)4(� 4(%2;

-!,� 4%34� $)%3� 4/� 2%#/2$� #()0� *5.#4)/.� 4%-0%2!452%3� !##52!4%,9�

�-!,,� 7).$� 45..%,3� 7%2%� 53%$� 4/� $%4%2-).%� 0!#+!'%� !.$

(%!4� 3).+� 4(%2-!,� 0%2&/2-!.#%� &/2� 6!2)/53� !)2&,/73�� �!2'%2

7).$� 45..%,3� 7%2%� 53%$� 4/� %6!,5!4%� "/!2$� !)2&,/7� 4/� ')6%� 4(%

"/!2$� $%3)'.%23� &%%$"!#+� /.� #/-0/.%.4� 0,!#%-%.4� "9� -/.;

)4/2).'� 02%(%!4� #/.$)4)/.3� !.$� &,/7� /"3425#4)/.3�� �.� 02).4%$

#)2#5)4� "/!2$3�� %84%2.!,� 0,!.%� 4(%2-!,� $)33)0!4)/.� 0!$3� 7%2%

53%$� 7(%2%� 0/33)",%� ).� ,)%5� /&� !$$).'� (%!4� 3).+3� 4/� 3/-%

352&!#%� -/5.4� 0!243�

�� &5,,;3#!,%� 3934%-� -/#+50� 7!3� "5),4��  !2)/53� "/!2$� -/$%,3�

!)2� &),4%23�� ���� 3#2%%.3�� !.$� 6%.43� 7%2%� 42)%$� 4/� '!4(%2� 3934%-

!)2&,/7� 2%3)34!.#%� $!4!� 4/� $%4%2-).%� 4(%� 3):%� !.$� .5-"%2� /&

&!.3� 2%15)2%$��  !2)/53� #//,).'� 3#(%-%3� 7%2%� %6!,5!4%$� "9

!,4%2).'� !)2&,/7� $)2%#4)/.� !.$� &!.� ,/#!4)/.�� �5,,).'� !)2� $/7.

4(2/5'(� 4(%� #!").%4� 7!3� &/5.$� 4/� 02/6)$%� 5.)&/2-� !)2&,/7

!#2/33� 4(%� #!2$#!'%3� 7(),%� +%%0).'� 4(%� !)2� &),4%23� #,%!.� "9

4(%)2� ()'(� ,/#!4)/.�� �!6).'� 4(%� &!.3� ,/7� ).� 4(%� 02/$5#4� !.$

!7!9� &2/-� 4(%� 6%.43� +%04� ./)3%� 3/52#%3� &!24(%2� !7!9� &2/-

/0%2!4/23� !.$� -!$%� 3%26)#).'� 4(%� &!.3� %!3)%2�

�(%� %,%6%.� $#� &!.3� ).� 4(%� &!.� 42!9� (!6%� 4(%� !"),)49� 4/� 25.� !4

4(2%%� $)&&%2%.4� 30%%$3�� ()'(�� ./2-!,�� /2� ,/7�� �%6%.� &!.3� 25.

!4� ,/7� 30%%$� $52).'� 34!2450� !.$� "!44%29� "!#+50� 4/� +%%0� 4(%

0/7%2� 53%� !4� !� -).)-5-� 7(),%� 3500,9).'� 35&&)#)%.4� #//,).'�

�,,� %,%6%.� &!.3� 25.� !4� ./2-!,� 30%%$� 7(),%� 4(%� 3934%-� )3� 50

!.$� 25..).'� 7)4(� 4(%� ).,%4� !)2� !4� /2� "%,/7� ��°��� �.� 4()3� #!3%
4(%� 3934%-� -%%43� 4(%� !#/534)#� ./)3%� ,)-)4� /&� ��
� "%,3� ��;

7%)'(4%$�� 3/5.$� 0/7%2�� �(%� &!.3� 25.� !4� ()'(� 30%%$� 7(),%

4(%� 3934%-� )3� 50� !.$� 25..).'� 7)4(� 4(%� ).,%4� !)2� !"/6%� ��°�
/2� 7(%.� 4(%� 4%-0%2!452%� 2)3%� 4(2/5'(� 4(%� 02/#%33/2� -%-/29

"53� #!2$#!'%� %8#%%$3� 	
°��

�4� ()'(� 30%%$�� 4(%� &!.� 42!9� (!3� !� 6/,5-%42)#� !)2&,/7� /&� !0;

02/8)-!4%,9� 	
��� &4��-).�� 7()#(� )3� $%3)'.%$� 4/� (!.$,%� /6%2

3)8� +),/7!443� /&� (%!4� $)33)0!4)/.�� �()3� !-/5.4� /&� 0/7%2� 7!3

#/.3)$%2%$� %!2,9� ).� 4(%� 02/*%#4� 7(%.� !,4%2.!4%� #()0� 4%#(./,/;

')%3� 7%2%� "%).'� ).6%34)'!4%$�� �(%2%&/2%�� 4(%� �/$%,� �
��� (!3

!� #//,).'� #!0!#)49� /&� !002/8)-!4%,9� /.%� 7!44� 0%2� 315!2%

#%.4)-%4%2� /&� &,//2� 30!#%�� !� 4(2%%&/,$� ).#2%!3%� /6%2� 4(%� ()'(;

%.$� 0,!4&/2-� 4(!4� 4(%� �/$%,� �
��� )3� 2%0,!#).'�� 9%4� )4� )3� 34),,

!)2;#//,%$�� �(%� -).)-5-� !)2� 6%,/#)49� )3� 47/� -%4%23� 0%2� 3%#;

/.$� ).� !,,� /&� 4(%� 02/#%33/2� -%-/29� "53� 3,/43� !.$� 4(%� 490)#!,

!)2� 6%,/#)49� )3� �� -�3�

�%#!53%� 4(%� 02/#%33/2� -%-/29� "53� #!2$#!'%� #/.4!).3� ()'(

02%3352%� $2/03� !.$� !)2&,/73�� 4(%� "/!2$� ,/!$).'� 3%15%.#%� )3

)-0/24!.4�� %30%#)!,,9� &/2� 4(%� 02/#%33/2� "/!2$3�� �).#%� 4(%� (%!4

3).+3� !2%� /.� 4(%� 2)'(4� 3)$%� /&� 4(%� 6%24)#!,� 02/#%33/2� "/!2$3�

4(%9� !2%� ,/!$%$� 3%15%.4)!,,9� &2/-� 2)'(4� 4/� ,%&4�� �()3� %.352%3

4(!4� !)2� )3� #(!..%,%$� 4(2/5'(� 4(%� 02/#%33/2� (%!4� 3).+3

).34%!$� /&� "90!33).'� 4(%-� ).� ,!2'%� 5.&),,%$� 0/24)/.3� /&� 4(%

#!2$#!'%�

������	�����


�(%� &5.$!-%.4!,� 342!4%'9� &/2� -!.5&!#452).'� 4(%� ��� ����

�/$%,� �
��� #/20/2!4%� "53).%33� 3%26%2� 7!3� #/.#522%.4� %.');

.%%2).'�� 4(!4� )3�� $%6%,/0-%.4� /&� "/4(� 4(%� #/-054%2� !.$� 4(%

4%#(./,/')%3� !.$� 02/#%33%3� 4/� -!.5&!#452%� )4� !4� 4(%� 3!-%

4)-%�� �()3� 2%35,4%$� ).� !� 3%4� /&� %84%.3)/.3� 4/� %8)34).'� ()'(;

6/,5-%�� #/34;/04)-):%$� 02/$5#4)/.� ,).%3� 4(!4� !,,/7� 3/0()34);

#!4%$�� 0%2&/2-!.#%� %.(!.#).'� &%!452%3� 4/� "%� !$$%$� 4/� 4(%

#/20/2!4%� "53).%33� 3%26%2�

�������� ������ ����
� ��������

�2).4%$� #)2#5)4� "/!2$3� "!3%$� /.� #9!.!4%� %34%2� #(%-)3429

�2%&%22%$� 4/� !3� ��;
�� (!6%� -5#(� "%44%2� 4(%2-!,�� -%#(!.)#!,�

!.$� %,%#42)#!,� 0%2&/2-!.#%� 4(!.� 490)#!,� ��;�� 35"342!4%3�

�(%3%� 02/0%24)%3� -!+%� ��;
� )$%!,,9� 35)4%$� &/2� ,!2'%� 02).4%$

#)2#5)4� !33%-",)%3� 7)4(� ).4%.3)6%� 53%� /&� #/-0/.%.43� 7)4(

&).%,9� 30!#%$� ,%!$3�� ()'(;2%,)!"),)49� !00,)#!4)/.3�� ()'(;

&2%15%.#9� !00,)#!4)/.3�� !.$� !00,)#!4)/.3� 7)4(� 4)'(4� %,%#42)#!,

4/,%2!.#%3�

�/2%� !$6!.#%$� 02).4%$� #)2#5)4� "/!2$� $%3)'.3� 4%.$� 4/� ).#2%!3%

4(%� !30%#4� 2!4)/� /&� 4(%� "/!2$�� /2� 4(%� 2!4)/� /&� 4(%� 4()#+.%33� /&

4(%� "/!2$� 4/� 4(%� 7)$4(� /&� 4(%� 6)!3� &/2� ,!9%2;4/;,!9%2� #/..%#;

4)/.3�� �()3� )3� (!:!2$/53� &/2� ��;�� 35"342!4%3� "%#!53%� ()'(%2;

!30%#4;2!4)/� 6)!3� 4%.$� 4/� "%� $!-!'%$� ).� 4(%� 4(%2-!,� #9#,%3� /&

02).4%$� #)2#5)4� !33%-",9� 02/#%33%3� "%#!53%� /&� 4(%� %80!.3)/.

/&� 4(%� 4()#+.%33� /&� 4(%� "/!2$3� ).� 4(%3%� #9#,%3�� �(%� 2%,)!"),)49

/&� 6)!3� !.$� 4(2/5'(;(/,%� #/..%#4)/.3� �7(%2%� 4(%� 02/#%33/2

-%-/29� "53� #/..%#4/2� /2�  ���� 0).;'2)$� !22!93� !2%� 3/,$%2%$

4/� 4(%� "/!2$�� )3� %33%.4)!,� 4/� 4(%� /6%2!,,� 2%,)!"),)49�� -!.5&!#;

452!"),)49�� !.$� 2%0!)2!"),)49� /&� 4(%� �/$%,� �
��� -%-/29� "/!2$�

�%#!53%� /&� 4(%)2� ()'(� ',!33� 42!.3)4)/.� 4%-0%2!452%�� ��;
� 35";

342!4%3� !2%� )$%!,,9� 35)4%$� 4/� 3526)6%� 4(%� 342%33&5,� !33%-",9� !.$

2%0!)2� 02/#%33%3� !.$� 4/� ).#2%!3%� 4(%� 9)%,$3� 7)4().� 4(%3%� 02/;

#%33%3�� �(%� ',!33� 42!.3)4)/.� 4%-0%2!452%� )3� 4(%� 4%-0%2!452%� !4

7()#(� 4(%� ,!-).!4%$� &)"%2',!33� 02).4%$� #)2#5)4� "/!2$� 42!.3);

4)/.3� &2/-� !� 3/,)$� 4/� !� 0,)!",%� -!4%2)!,�� �()3� )3� %8#%%$%$� &/2

��;�� ).� 4(%� 02).4%$� #)2#5)4� !33%-",9� 02/#%33�� 2%35,4).'� ).� $)3;

4/24)/.3� /&� 4(%� "/!2$3�� �&� ./� &).%;0)4#(� /2� %842!;&).%;0)4#(

0!243� !2%� 53%$�� 4(%� $)34/24)/.� &/2� ��;�� )3� !##%04!",%� ).� 4(%

352&!#%� -/5.4� 02/#%33�� �/2� ,!2'%� "/!2$3� 4(!4� 53%� &).%;0)4#(

#/-0/.%.43�� 4(%� 352&!#%� -/5.4� 02/#%33%3� 4/,%2!4%� ,%33� $)3;

4/24)/.�� ��;
� (!3� 4(%� !$6!.4!'%� 4(!4� )4� 2%-!).3� 34!",%� "%;

#!53%� )4� $/%3.�4� 2%!#(� )43� ',!33� 42!.3)4)/.� 4%-0%2!452%� ).� 4(%

-!.5&!#452).'� 02/#%33�



�70'� 	���� �'9.'66=�#%-#4&� �1740#.� � � � � � � ��


������� �������� ��������� ���� ����

�1&'.�  
��� 5;56'/� 4'37+4'/'065�� 6*417)*� 6*'+4� +/2#%6� 10

6*'� /'/14;� $1#4&� &'5+)0�� 4'37+4'&� &'8'.12/'06� 1(� 5+)0+(+=

%#06� 0'9� 24+06'&� %+4%7+6� #55'/$.;� 241%'55� %#2#$+.+6;��  *+5

241%'55� &'8'.12/'06� '((146� $')#0� 691� ;'#45� $'(14'� 81.7/'

5*+2/'065� #0&� +&'06+(+'&� 6*'� +/2146#06� #4'#5� (14� '0)+0''4+0)

'((146�� �'9� 6'%*01.1);� +0641&7%'&� +0� 24+06'&� %+4%7+6� #55'/=

$.;� +0%.7&'&� #&8#0%'&� 4'(.19� 6'%*0+37'5��  *+5� +5� +/2146#06

$'%#75'� 6*'� 616#.� 6*'4/#.� /#55� 1(� 6*'� %1/210'065� 4'(.19'&

10� 6*'� /'/14;� $1#4&� +5� .#4)'�� #0&� $'%#75'� 1(� 6*'� 0#674'� 1(

6*'� %100'%614� 75'&� (14� 6*'� 241%'5514� /'/14;� $75�� �2'%+#.

51.&'4� 2#56'� #22.+%#6+10� /'6*1&5� 9'4'� &'8'.12'&� (14� 6*'

241%'5514� /'/14;� $75� %100'%614��  *+5� 2418+&'5� 6*'� #55'/=

$.;� 241%'55� 9+6*� 9+&'� .#6+67&'� (14� 6*'� %100'%6145�� 2+0=)4+&

#44#;5�� 56#0&#4&� 574(#%'� /1706� 2#465�� #0&� (+0'=2+6%*� 2#465�

�� -';� $'0'(+6� 1(� 6*'� %;#0#6'� '56'4� %*1+%'� (14� &17$.'=5+&'&

#55'/$.+'5� +5� 4'&7%'&� 470176� 1(� 6*'� $1#4&�� 4'57.6+0)� +0� +/=

2418'&� 4')+564#6+10� 1(� 6*'� 51.&'4=2#56'� 56'0%+.� #0&� %1/21=

0'065� (14� *+)*'4� ;+'.&5� 1(� 51.&'4� ,1+065�� �0� 6*'� &17$.'=5+&'&

574(#%'� /1706� 241%'55�� 6*'� �� 5+&'� %1/210'065� #4'� 2.#%'&

#0&� 4'(.19'&� $'(14'� 2.#%'/'06� 1(� 6*'� �� 5+&'� %1/210'065�

�+0%'� 4'(.19� (14� 6*'� �� 5+&'� +5� %10&7%6'&� #6� #� 6'/2'4#674'� (#4

#$18'� 6*'� ).#55� 64#05+6+10� 6'/2'4#674'� (14� 56#0&#4&� ��=�

/#6'4+#.�� 6*'� $1#4&5� 917.&� *#8'� $''0� &+56146'&� +0� 6*+5� 56'2� +(

��=�� *#&� $''0� 75'&��  *75� ��=�� $1#4&5� 917.&� *#8'� #� *+)*'4

(#+.74'� 4#6'� 10� 51.&'4� %100'%6+105� (14� 6*'� �� 5+&'� %1/210'065�

�4+06'&� %+4%7+6� $1#4&� 6'56� 9#5� #016*'4� #4'#� +&'06+(+'&� $;� 6*'

'#4.;� %10%744'06� '0)+0''4+0)� '((146�� �1&'.�  
��� 24+06'&� %+4=

%7+6� #55'/$.+'5� #4'� 6'56'&� 75+0)� #� 564#6');� ':6'0&'&� (41/� 6*'

��� ����� $1#4&� 6'56� 5;56'/�� �7%*� 1(� 6*'� 6'56� +5� %10&7%6'&

75+0)� .'#&+0)='&)'� 5%#0� 6'%*0+37'5�� �14� ':#/2.'�� $'%#75'

1(� 64#%'� .'0)6*� #0&� %#2#%+6#0%'�� +6� 9#5� +/2155+$.'� 61� #&&� 6'56

21+065� $'69''0� 6*'� 241%'5514� /'/14;� $75� &4+8'45� 1(� 6*'� $75

64#05%'+8'45� #0&� 6*'� #4$+64#6+10� #0&� #&&4'55� $7(('4� #0&� 6*'

4'5+5614� 2#%-� 6*#6� %100'%65� 61� 6*'� $75� 9+6*176� +/2#%6+0)

2'4(14/#0%'�� �� 5%*'/'� 9#5� &'8+5'&� 75+0)� 6*'� 5%#0� 2146� 61

#%6+8#6'� '#%*� %*+2�5� &4+8'45��  *'� ��� ����� +5� 5'6� 61� #22.;� #

-0190� %744'06� 61� '#%*� 4'5+5614� #0&� /'#574'� 6*'� 81.6#)'

&412�� (41/� 9*+%*� 6*'� 4'5+5614�5� 8#.7'� #0&� %100'%6+8+6;� %#0� $'

&'6'4/+0'&��  *'4'� +5� 01� .155� 1(� 6'56� %18'4#)'� (14� 6*'5'� (+0'=

2+6%*� 2#465� #0&� 6*'� 5%*'/'� *#5� 6*'� #&&'&� $'0'(+6� 1(� 8'4+(;=

+0)� /7%*� 1(� 6*'� %*+2�5� (70%6+10#.+6;�� �'%#75'� 1(� 6*'� %*+2

&'5+)0� .'#&� 6+/'�� ���5� 190� 5%#0� 2146� #4%*+6'%674'� �&'5+)0'&

5'8'4#.� ;'#45� +0� #&8#0%'� 1(� 6*'� ����� 		��� 56#0&#4&� (14� 6*+5

6;2'� 1(� 6'56� #2241#%*�� +5� 75'&� #0&� %7561/� 51(69#4'� 611.5

9'4'� &'8'.12'&�� �744'06� %*+2� &'5+)05� %106#+0� 6*'� ����� 		��

5%#0� 2146� 9*+%*� +5� &+4'%6.;� 5722146'&� $;� 6*'� ��� �����

�� /#,14� /#07(#%674+0)� %*#..'0)'� 9#5� 6*'� 616#.� 07/$'4� 1(

0'65� #0&� 6*'� $1#4&� .#;176� &'05+6;� (170&� +0� 6*'� /'/14;

$1#4&�� "+6*� �
��� 0'65�� +(� 014/#.� ��� ����� &'5+)0� 47.'5�� 9*+%*

4'37+4'� 10'� 6'56� 21+06� 2'4� 0'6�� 9'4'� (1..19'&� #5� /7%*� #5


��� 1(� 6*'� 574(#%'� 1(� 6*'� $1#4&� 917.&� *#8'� $''0� &'&+%#6'&

61� 6'56� 21+065��  1� 51.8'� 6*+5� 241$.'/� #� 5%#0=$#5'&� #2241#%*

+5� 75'&� 10� 6*'� 0'65� 9*'4'� !���� 2#465� *#8'� 5%#0� 21465�� �;

75+0)� 6*'� 5%#0� 21465� #0&� ':'4%+5+0)� 51/'� 1(� 6*'� ���� 2#46

(70%6+10#.+6;�� 6*'� 07/$'4� 1(� 0'65� 6*#6� 0''&� 6'56� 21+065� +5

4'&7%'&� 61� 
�
��

 *+5� #2241#%*� (4''&� $1#4&� 52#%'� #0&� #..19'&� 6*'� 0''&'&

&'05+6;� 61� $'� #%*+'8'&�� �(� 6*+5� &'05+6;� *#&� 016� $''0� #%*+'8'&�

6*'� #.6'40#6+8'� 917.&� *#8'� $''0� 61� .19'4� 6*'� %#2#%+6;� 1(


������� ������� 
����� ��� ������ 	�������

The industrial design and product design groups designed the HP 9000 Model T500
corporate business server package using the HP ME 30 solid modeling system. In
the past, designs were drawn as 2D orthographic layouts. These layouts were
then dimensioned and paper copies were given to the vendor for fabrication. Now,
3D bodies are sent directly to vendors via modem without having to dimension
them. A 2D drawing is also sent to the vendor to provide a view of the part, usually
isometric, and to call out notes and necessary secondary operations (plating,
tolerances, cosmetic requirements, press-in fastener installations, etc.).

Using 3D solid modeling allowed the product design group to reduce design time,
reduce part documentation time, and reduce design errors caused by using 2D
layouts (with orthographic views, all three 2D views must be updated for a design
change instead of a single 3D body). Additional benefits are faster turnaround on
prototypes and an improved process for creating assembly documentation (isometric
views of assembly positions are easily created by manipulating 3D bodies).

Eight engineers created approximately 150 sheet-metal parts, ten plastic parts, 25
cables, 15 miscellaneous parts, and many board components. Managing such a
large mechanical assembly was initially thought to be too difficult. But having an
organized file structure and 3D body placement strategy allowed the design team
to work together efficiently. All engineers worked on their own assemblies, stored
in separate write-protected directories, and were able to view adjoining assemblies
for interface design.
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HP-UX is based on and is compatible with UNIX System Laboratories’ UNIX* operating system.
It also complies with X/Open’s* XPG3, POSIX 1003.1 and SVID2 interface specifications.

UNIX is a registered trademark of UNIX System Laboratories Inc. in the U.S.A. and other countries.

X/Open is a trademark of X/Open Company Limited in the UK and other countries.
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By making a series of simplifying assumptions and concentrating on basic
functionality, the performance advantages of PA-RISC symmetric multi-
processing using the HP PA 7100 processor chip were made available to
the midrange HP 9000 and HP 3000 multiuser system customers.
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Software developers using the SoftBench Framework can customize their
tool interaction environments to meet their individual needs, in seconds,
by pointing and clicking. Tool interaction branching and chaining are
supported. No user training is required.
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Virtually defect-free software can be generated at high productivity levels
by applying to software development the same process discipline used in
integrated circuit manufacturing.
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Table I
Defective ppm for Different Sigma Values

Sigma ppm
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61� +65� ':+56'0%'�

The Key Word Is “Obvious.”� �6� /756� $'� 4'/'/$'4'&� 6*#6� 6*'5'
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564#6'&�� &1%7/'06#6+10� /756� $'� 57((+%+'06.;� %1/2.'6'�� 6*'
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S = [While A Do B;]
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S� +5� (7..;� #%*+'8'&� $;� [While A Do B;]�
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,2/� "5�*-)"�� �/"� 1%"/"� �+6� -,00&�)"� &+01�+ "0� ,#� 1%"� "+1/6� ,/
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1%�1� 1%"� /"�!"/� *�6� �"� 1"*-1"!� 1,� �0(� 4%6� &1� &0� "3"+� *"+7

1&,+"!�� �,4"3"/�� 1%"/"� &0� �� )� (� ,#� /"0-" 1� #,/� While-Do�
1"/*&+�1&,+�  ,+!&1&,+0� �+!� *�+6� !"#" 10� ,  2/� �" �20"� ,#

#�&)2/"� 1,� 1"/*&+�1"� #,/�  "/1�&+� &+-210�� �� -/,-"/� /"0-" 1� #,/
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S = [While A Do B;] ���
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S = [If A Then (B; S);] ���
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0&,+� &0� "5" 21"!� ,+ "� �+!� 1%"+� 6,2� 01�/1� �1� 1%"� �"$&++&+$� �6

*�(&+$� 1%"� [While A] � 1"01� �$�&+�� �#� [While A Do B] � &0� 1/2)6� ".2�)� 1,
S�� 1%"+� ,+"�  ,2)!� &*�$&+"� 1%�1�� /�1%"/� 1%�+� 01�/1&+$� �$�&+� �1

1%"� �"$&++&+$� 4&1%� 1%"� [While A] � 1"01�� 6,2� 0&*-)6� 01�/1� �1� 1%"

�"$&++&+$� ,#� S�� �%�1�  %�+$"0� 1%"� While-Do� 1,� �� 0&*-)"� If-Then�
�+!� 1%"� -/"!& �1"� A� &0� 1"01"!� ,+)6� ,+ "�� �#� &1� &0� 1/2"�� 6,2� "5"7
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True

While A Do B
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A

Value B

Evaluate
A
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S
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If A Then (B; S)

S

S
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"+1/6� &0� �!!"!� 1,� 1%"� 1��)"�� &0� +"&1%"/� &1"/�1&3"� +,/� /" 2/0&3"�

�"� %�3"� 0&*-)6�  %,0"+� 1,� &*-)"*"+1� &1� 20&+$� �� While-Do�  ,+7
01/2 1�� �"�  ,2)!�� -/"02*��)6�� %�3"� &*-)"*"+1"!� &1� 0,*"

,1%"/� 4�6�

S� &0� +,1%&+$� *,/"� 1%�+� 1%"� 0-" &#& �1&,+�� �+� 1%"� $"+"/�)�  �0"�

&1� *�6� �"� ��  ,*-)"1")6� �/�&1/�/6� 01�1"*"+1� #/,*� �+6� 0,2/ "�

�%"1%"/� 1%"� 0-" &#& �1&,+� &0�  ,//" 1� ,/� +,1� &0� +,1� ,2/� /"0-,+7

0&�&)&16�� �2/� /"0-,+0&�&)&16� &0� 1,� &*-)"*"+1� &1� �0� !"#&+"!�

�2"01&,+� ��  �+� 1%"/"#,/"� �"� /"01�1"!� �0� #,)),40
� �#� A� &0� 1/2"�
4%"+� 4"� "5" 21"� B� ,+"� 1&*"� �+!� 1%"+� 12/+� 1%"� /"02)1� ,3"/

1,� 4%�1"3"/� 4"�3"� !"#&+"!� S� 1,� �"�� !,"0� 1%"� /"02)1� 01&))
� %&"3"� S�� �+� �##&/*�1&3"� �+04"/� 0�1&0#&"0� .2"01&,+� ��

�+� 1"/*0� ,#� ,2/� "5�*-)"�� B� 4&))� %�3"� "5�*&+"!� -�/1� ,#� 1%"

1��)"�� �1� 4&))� "&1%"/� �)/"�!6� %�3"� &+0"/1"!� 1%"� +"4� "+1/6� &+1,
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%80,/3)/.�� 02/$5#%$� "9� 4(%� 5.$)3#)0,).%$� 53%� /&� GOTO3�� �/2
).34!.#%�� 4!+%� 4(%� ).3425#4)/.�

A[i] = B[j+k];

�()3� 34!4%-%.4� ,//+3� )../#%.4� %./5'(�� �4� 7/5,$� !00%!2� 4/

"%� !002/02)!4%� ).� !.9� 7%,,<3425#452%$� 02/'2!-�� �/4%�� (/7<

%6%2�� 4(!4� )4� ).6/,6%3� &)6%� 6!2)!",%3�� !,,� /&� 7()#(� -534� "%� !#<

#/5.4%$� &/2� ).� !.9� #/22%#4.%33� !.!,93)3�� �&� 4(%� 02/'2!-� ).

7()#(� 4()3� 34!4%-%.4� /##523� )3� 35#(� 4(!4� 4()3� 34!4%-%.4� )3
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As described in the accompanying article, the process of doing legal primitive
evaluation involves asking a set of mathematically derived questions about the of
basic programming primitives (e.g., If-Then-Else, For-Do, etc.) used in a program.
The following is a list of the questions that must be investigated for each primitive.

In the following list S refers to the specification that must be satisfied by the
questions asked about the referenced primitive.

• Sequence S = [A; B;]
Does S equal A followed by B?

• For-Do S = [For A Do B;]
� Does S equal first B followed by second B … followed by last B?

• If-Then S = [If A Then B;]
� If A is true, does S = B?
� If A is false, does S = S?

• If-Then-Else S = [If A Then B Else C;]
� If A is true, does S equal B?
� If A is false, does S equal C?

• Case S = [Case P part (C1) B1 … part (Cn) Bn Else E;]
� When p is C1, does S equal B1?

.

.

.
When p is Cn, does S equal Bn?
When p is not a member of set (C1, …, Cn), does S equal E?

• While-Do S = [While A Do B;]
� Is loop termination guaranteed for any argument of S?
� When A is true, does S equal B followed by S?
� When A is false, does S equal S?

• Do-Until S = [Do A Until B;]
� Is loop termination guaranteed for any argument of S?
� When B is false, does S equal A followed by S?
� When B is true, does S equal A?

• Do-While-Do S = [Do1 A While B Do2 C;]
� Is loop termination guaranteed for any argument of S?
� When B is true, does S equal A followed by C followed by S?
� When B is false, does S equal A?
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Fuzzy logic is applied to the world of printed circuit assembly manufacturing
to aid in balancing machine loads to improve production rates.
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As mentioned in the main article, a family in our manufacturing environment is a
group of products (boards) that can be built with a single setup on the component
placement machines. The greedy board heuristic is one way of assigning products
to families for printed circuit assembly. The only data required for the greedy board
algorithm is the list of components and the expected volume for each board. Each
family is created by the repetitive addition of products, one at a time, until slot
availability is exhausted.

In the following example assume there are eight component slots available per
family and that the following boards must be assigned to families.

Board Expected Volume (vi) Components

Alpha 1400 A, F, K, M
Tango 132 C, K
Delta 2668 H, D, R, F, K
Echo 1100 R, J, S, K
Beta 668 G, F, T, L
Lambda 1332 H, D, F, K
Gamma 900 A, J, E, K

The board with the lowest greedy ratio is the first one added to the current family
being created.

Board New Parts Expected Volume Greedy Ratio
(si) (vi) (Gi = si/vi)

Alpha 4 1400 0.0029
Tango 2 132 0.0152
Delta* 5 2668 0.0019
Echo 4 1100 0.0036
Beta 4 668 0.0060
Lambda 4 1332 0.0030
Gamma 4 900 0.0040

Delta is the board with the lowest greedy ratio so it becomes the first member of
the family. It has the highest product volume added per component slot used.
Delta adds five components, leaving three slots to fill this family.

With the components H, D, R, F, and K already in the family, for the next board the
ratios are computed as follows:

Board New Parts Expected Volume Greedy Ratio
(si) (vi) (Gi = si/vi)

Alpha 2 1400 0.0014
Tango 1 132 0.0076
Echo 2 1100 0.0018
Beta 3 668 0.0045
Lambda 0 1332 0.0000
Gamma 3 900 0.0033

The Lambda board is the one with the lowest greedy ratio because its components
are a complete subset of the components already in the family. Since adding
Lambda to the family does not require the addition of any components to the
family, the greedy ratios given above still apply for the selection of the next board.
The Alpha board has the next lowest ratio and it adds two new components (A and
M) to the family. This brings the total number of components in the family to
seven—one slot left.

After adding the Alpha board to the family, the new part-to-volume ratios for the
remaining unassigned boards become:

Board New Components Expected Volume Greedy Ratio
(si) (vi) (Gi = si/vi)

Tango 1 132 0.0076
Echo 2 1100 0.0018
Beta 3 668 0.0045
Gamma 3 900 0.0033

Now Echo has the lowest ratio. However, the Echo board has two components,
and since we already have seven components, adding the Echo components to
the family would exceed our limit of eight components per family. Therefore, Tango
is the only board that will fit even though it has the lowest theoretical contribution.
Adding the Tango board fills up the family allotment. Finally, the components in the
family include H, C, D, A, R, F, K, and M.

The next family is defined by following the above procedure for the remaining
boards: Echo, Beta, and Gamma.
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