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Designing as a set the three VLSI components that provide the core
functions of CPU, I/O, and graphics for the HP 9000 Model 712 work-
station balanced performance and cost and simplified the interfaces
between components, allowing designers to create a system with high
performance at a low cost.
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Table I
Static RAMS Used in the Model 712 Systems

Model Function Size Speed Quantity
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Designing as a set the three VLSI components that provide the core
functions of CPU, I/O, and graphics for the HP 9000 Model 712 work-
station balanced performance and cost and simplified the interfaces
between components, allowing designers to create a system with high
performance at a low cost.
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• �-;1/616/� .7:� 01/0C>74=5-� 5)6=.)+<=:16/�

�6;<:=5-6<)4� 16� 5--<16/� <0-;-� 7*2-+<1>-;� ?);� <0-� ,-+1;176� <7

,-;1/6� <0:--� 6-?� +=;<75� '�$�� +018;� <7/-<0-:�� );� )� ;-<�� <7

)+01->-� 6-?� 4->-4;� 7.� 8:1+-�8-:.7:5)6+-� .7:� <0-� +7:-� .=6+C

<176;� 7.� �"&�� ��!�� )6,� /:)801+;�

�'�#'��(

%0:--� 6-?� '�$�� +018;� 8:7>1,-� 57;<� 7.� <0-� .=6+<176)41<A� 7.� <0-

�7,-4� �	
� ?7:3;<)<176�� %0-� "�� �	����� �"&� +018� 16<-:.)+-;

,1:-+<4A� <7� <0-� +)+0-� )6,� 5)16� 5-57:A�� %0-� ��$�� ��� �

$�$��� +018� ,7-;� 57;<� 7.� <0-� +7:-� ��!� 6--,-,� .7:� -6<:AC4->-4

?7:3;<)<176;�� %0-� /:)801+;� ;=*;A;<-5� +76;1;<;� 7.� <0-� /:)80C

1+;� +018� )6,� <0-� .:)5-� *=..-:� '#��;�� �44� <0:--� +018;� +75C

5=61+)<-� <0:7=/0� <0-� �$�� �/-6-:)4� ;A;<-5� +766-+<�� *=;�

�1/�� 	� ;07?;� )� *47+3� ,1)/:)5� 7.� <0-� �7,-4� �	
� ;A;<-5�

%0-� �7,-4;� �	
���� )6,� �	
���� ):-� >-:A� ;1514):� )6,� ,1..-:

764A� 16� <0-1:� +)+0-� ;1B-;� )6,� +)+0-� ;8--,;� )6,� 16� <0-� 5)16

;A;<-5� +47+3� ;8--,;�

���� �#!��$$!#

%0-� +758=<-� 87?-:� 7.� <0-� �7,-4� �	
� ;A;<-5� 1;� 8:7>1,-,� *A

<0-� "�C#�$�� "�� �	����� 8:7+-;;7:�	�
� ?01+0� 1;� 8)+3)/-,� 16� )

��
C816� +-:)51+� "���� %0-� �"&� ,-;1/6� ?);� 78<151B-,� .7:� <0-

�7,-4� �	
� )6,� 16+4=,-;� <0-� .7447?16/� .-)<=:-;�

• $=8-:;+)4):� �"&
• 	�C*A<-� 16;<:=+<176� *=..-:
• �=4<15-,1)� ;=887:<
• �)+0-� +76<:74� .7:� =8� <7� 
�� *A<-;� 7.� -@<-:6)4� +)+0-
• ���� �-::7:� +7::-+<176� +7,16/�� 5-57:A� +76<:744-:

%0-� +47+3� .:-9=-6+1-;� 7.� <0-� �7,-4� �	
���� )6,� <0-� �7,-4

�	
���� ):-� ��� ��B� )6,� ��� ��B� :-;8-+<1>-4A�� %0-� "�� �	����

1;� ,-;+:1*-,� 16� 57:-� ,-<)14� 16� <0-� ):<1+4-� 76� 8)/-� 	
�

�����

%0-� "�� �	����� �"&� =;-;� )6� -@<-:6)4� +)+0-�� �6� -@<-:6)4

+)+0-� )447?;� ;A;<-5� ,-;1/6-:;� <7� +0)6/-� <0-� ;1B-� 7.� <0-

+)+0-� -);14A� <7� 5--<� <0-1:� 8-:.7:5)6+-� )6,� +7;<� /7)4;�� �=:C

<0-:57:-�� 7..C+018� +)+0-� 8:7>1,-;� )44� <0-� 8-:.7:5)6+-� 6-+-;C

;):A�� ?1<07=<� 4151<16/� <0-� �"&� .:-9=-6+A�

%0-� -@<-:6)4� +)+0-� 1;� ���� *A<-;� 76� <0-� �7,-4� �	
���� )6,



��� *A<-;� 76� <0-� �7,-4� �	
���� )6,� 1;� 47/1+)44A� ;841<� 16<7

-9=)4� 0)4>-;� .7:� <0-� 16;<:=+<176� )6,� ,)<)� +)+0-;�� �75*1616/

<0-� +)+0-;� ;)>-,� 816;� 76� <0-� �"&�� %7� .=:<0-:� :-,=+-� +7;<;�

16,=;<:AC;<)6,):,� $#��;� �;<)<1+� #��;�� ):-� =;-,�� %)*4-� �

;07?;� <0-� $#��;� =;-,� 16� <0-� �7,-4� �	
� ;A;<-5;�
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DRAM Address and Control

����� ��� �36+2� �1)/9)4� 6.� ;0-�

�"� ����� �6,-3� �	
� 0)9,>)9-�

Address and ControlPA 7100LC CPU

Tag

Cache TagAddress and Control

Instruction
and Data

Cache
Data

Main
Memory

TTL Buffers

GSC
Expansion

Slot

DRAM Data

LASIReal-Time
Clock

SCSI
Parallel
RS-232
PS2 Keyboard
PS2 Mouse
LAN

Flexible
Disk

Interface

Flash
EPROM

Telephone
Connection

Telephone Line 1Telephone Line 0

Audio

Graphics
Chip

GSC (General System Connect) Bus

RGB

VRAM Array

1280 by 1024
Option VRAM

Array
8-Bit
Bus

Table I
Static RAMS Used in the Model 712 Systems

Model Function Size Speed Quantity

�	
��� %)/

�);)

�);)

��� *@;-:

��� *@;-:

��� ×� �� *1;:

	
� 5:

	
� 5:

	
� 5:

�

�




�	
��� %)/

�);)

�);)

�
�� *@;-:

�
�� *@;-:

�
�� ×� �� *1;:

	�� 5:

	�� 5:

	�� 5:

�

�




	���� 	�����

%0-� 4)15� 4-469@� .69� ;0-� �6,-3� �	
� :@:;-4:� 0):� *--5� -5/1B

5--9-,� ;6� 796=1,-� 01/0� 7-9.694)5+-� >1;0� 15,<:;9@B:;)5,)9,

��B5:� $���:� �:15/3-� 15315-� 4-469@� 46,<3-:��� �<99-5;3@� :<7B

769;-,� $���:� )9-� )=)13)*3-� 15� ��B�� ��B�� 	��B�� )5,� �
�B*@;-

:1A-:�� �6<9� :36;:� )9-� )=)13)*3-� )5,� 4<:;� *-� .133-,� 15� 7)19:� .69

)� 4)?14<4� 6.� 	
��� *@;-:�

%0-� �6,-3� �	
�:� 4)15� 4-469@� ,-:1/5� 415141A-:� ;0-� )=-9)/-

+)+0-� 41::� 7-5)3;@�� %0-� 4)15� 4-469@� +65;9633-9� 9-;<95:

,6<*3-� >69,:� �-1/0;� *@;-:�� :15+-� )� >69,� 1:� .6<9� *@;-:�� *)+2

;6� ;0-� �"&�� �)+0� +)+0-� 315-� 1:� 4),-� <7� 6.� .6<9� ,6<*3-

>69,:�� (0-5� ;0-9-� 1:� )� +)+0-� 41::�� ;0-� 65-� ,6<*3-� >69,� 6.

;0-� .6<9� 15� ;0-� +)+0-� 315-� ;0);� >):� 41::-,� 1:� 9-.-99-,� ;6� ):

;0-� +91;1+)3� >69,�� %6� 415141A-� ;0-� 41::� 7-5)3;@�� ;0-� ,6<*3-

>69,� +65;)1515/� ;0-� +91;1+)3� >69,� 1:� :-5;� *)+2� ;6� ;0-� �"&

.19:;�� .6336>-,� *@� ;0-� 9-4)1515/� ;09--� ,6<*3-� >69,:�

�)5,>1,;0� 1:� 4)?141A-,� *@� <:15/� .):;� 7)/-� 46,-� >0-5

+65:-+<;1=-� )++-::-:� 9-:1,-� 65� ;0-� :)4-� 7)/-�� %01:� 1:� 6.;-5

;0-� +):-� >0-5� 3)9/-� *36+2:� 6.� 4-469@� )9-� )++-::-,� )5,� 1:

=-9@� +64465� 15� >15,6>-,� /9)701+:� :@:;-4:�

���� �������� 
������ �����
�� ���

%0-� /-5-9)3� :@:;-4� +655-+;�� 69� �$��� 1:� ;0-� 36+)3� *<:� ;0);

+655-+;:� ;0-� ;09--� '�$�� ,-=1+-:� )5,� ;0-� 67;165)3� ��!� +)9,�

%0-� �$�� *<:� 1:� ,-:1/5-,� ;6� 796=1,-� 4)?14<4� *)5,>1,;0

.69� 4-469@B;6B/9)701+:� ;9)5:.-9:�� %0-� *<:� 0):� �
B*1;� 4<3;1B

73-?-,� ),,9-::� )5,� ,);)� 315-:� ;6� 415141A-� ;0-� 5<4*-9� 6.

:1/5)3:�� !;0-9� .-);<9-:� 6.� ;0-� *<:� 15+3<,-�

• !7-9);165� );� 0)3.� ;0-� �"&� .9-8<-5+@� ���� 69� ��� ��A�
• $<7769;� .69� 	B�� 
B�� �B�� �B�� 	�B�� 69� �
B*@;-� ;9)5:)+;165:
• �-5;9)3� )9*1;9);165
• ")91;@� /-5-9);165� )5,� +0-+215/�

 694)33@�� *<:� ;9)5:)+;165:� )9-� ;-9415);-,� *@� )� ;<95)96<5,

:;);-� ;0);� )336>:� ,91=-9:� ;6� *-� ;<95-,� 6..� *-.69-� ;0-� ,91=-9:

.69� ;0-� 5-?;� ;9)5:)+;165� )9-� ;<95-,� 65�� %6� 14796=-� /9)701+:

7-9.694)5+-�� ;0-� *<:� :<7769;:� *)+2B;6B*)+2� >91;-:� ;6� ;0-

:)4-� ,-=1+-� >1;06<;� ;0-� ;<95)96<5,� :;);-�� %01:� 14796=-:

;096</07<;� 65� ;9)5:.-9:� 6.� 3)9/-� *36+2:� 6.� ,);)� .964� 4)15

4-469@� ;6� /9)701+:�

�<915/� ;9)5:.-9:� .964� 4-469@� ;6� ��!�� 1;� 1:� :64-;14-:� 5-+-:B

:)9@� ;6� 36+2� ;0-� �"&� 6<;� 6.� 4-469@� �-�/��� >0-5� :-4)7069-:

)9-� <:-,��� %6� .)+131;);-� ;01:�� ;0-� �$�� *<:� 796=1,-:� )� 36+215/

4-+0)51:4�� >01+0� 79-=-5;:� ;0-� �"&� .964� )++-::15/� 4-469@

�;6� :-9=1+-� )� +)+0-� 41::�� .69� -?)473-��

������
�

%0-� /9)701+:� :<*:@:;-4� +65:1:;:� 6.� )� /9)701+:� +017� )5,� .6<9

65B*6)9,� '#��:� �=1,-6� #��:��� >01+0� 796=1,-� )� 	�
�B*@B���B
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:3B/6� 0<+7/� ,?00/<� A3>2� +� ./:>2� 90� /312>� :6+8/=� +>� +� </0</=2

<+>/� 90� �
� �D�� �8� 9:>398+6� 2312E</=96?>398� ($��� ,9+<.� 38E

-</+=/=� </=96?>398� >9� 	
��� ,C� 	�
�� :3B/6=�

&2/� 1<+:23-=� -23:� A+=� ./=318/.� A3>2� >2/� 9>2/<� =C=>/7� -97E

:98/8>=� >9� :<9@3./� 2312� :/<09<7+8-/� +>� +� 73837+6� -9=>�� �9<

79</� 3809<7+>398� 98� >2/� 1<+:23-=� -23:�� =//� </0/</8-/� �� +8.

>2/� +<>3-6/� 98� :+1/� ���

���	
��
� ���

&2/� �9./6� �	
� 0/+>?</=� +� 8?7,/<� 90� ,?36>E38� ��!� ./@3-/=� >2+>

+</� 38>/8./.� >9� +..</==� >2/� 8//.=� 90� >2/� 7+49<3>C� 90� ?=/<=�

%?::9<>� 09<� >2/=/� 0?8->398=� 3=� :<9@3./.� 6+<1/6C� ,C� >2/� ��%�

��!� (�%�� -23:�� ��%�� 3=� +� 23126C� 38>/1<+>/.� -23:� >2+>� :<9@3./=

+� =318303-+8>� </.?->398� 38� =C=>/7� -9=>� +8.� 38-</+=/.� </63+,36E

3>C�� &2/� -23:� 3=� :+-5+1/.� 38� +� 
��E:38� �#'��� :+-5+1/�� &2/

��%�� -23:� 3=� ./=-<3,/.� 38� 79</� ./>+36� 38� >2/� +<>3-6/� 98� :+1/

��� +8.� 38� </0/</8-/� ��

� &2/� 09669A381� =/->398=� ,<3/06C� ./=-<3,/� >2/� ��%�� -23:�=

,?36>E38� -+:+,363>3/=�

IEEE 802.3 LAN. ��%�� -98>+38=� +8� �8>/6� �
�
��� 7/1+-/66� A23-2
A+=� :9<>/.� >9� A9<5� A3>2� �"�=� ��� :<9-/==�� &2/� �� � ><+8=E

-/3@/<�� A23-2� A+=� 89>� :<+->3-+6� >9� 38-6?./� 98� ��%��� 3=� 69+./.

98� >2/� :<38>/.� -3<-?3>� ,9+<.�� &2/� ><+8=-/3@/<� 38>/<0+-/=� >9

,9>2� >2/� �'�� �+>>+-27/8>� ?83>� 38>/<0+-/�� +8.� �>2/<>A3=>

7/.3+�

SCSI.� &2/� �9./6� �	
� ?=/=� +8� �E,3>� =3816/E/8./.� %�%�� 38>/<E
0+-/� 09<� >2/� 9:>398+6� 38>/<8+6� 2+<.� .<3@/� +8.� /B>/<8+6� :/<3:2E

/<+6=�� &2/� %�%�E
� 38>/<0+-/� 3=� 37:6/7/8>/.� /8>3</6C� A3>238

��%�� >2<9?12� +� 7/1+-/66� >2+>� A+=� ./=318/.� ,C� �"� +8.�  �$�

�� 8/>63=>� 09<� >2/�  �$� 
���	�� A+=� 37:9<>/.� 38>9� �"�=� ./=318

/8@3<987/8>�� &2/� ./=318� A+=� >2/8� >?8/.� >9� A9<5� 38� �"�=� ��

:<9-/==�

�C� 5//:381� >2/� %�%�� ,?=� =>?,� 6/81>2� >9� +� 73837?7� 98� >2/

:<38>/.� -3<-?3>� ,9+<.� +8.� 98� >2/� -988/->398� >9� >2/� 9:>398+6

38>/<8+6� .<3@/�� %�%�� >/<738+>398� 98� >2/� 38>/<8+6� =3./� 3=� 1</+>6C

=37:6303/.�� %29<>� =>?,� 6/81>2=� +669A� >2/� ,?=� >9� ,/� >/<738+>/.

98� >2/� :<38>/.� -3<-?3>� ,9+<.�� A2/>2/<� >2/� 9:>398+6� 38>/<8+6

.<3@/� 3=� :</=/8>� 9<� 89>�� &23=� =+@/=� -9=>� ,C� 9,@3+>381� >2/� 8//.

09<� =:/-3+6� >/<738+>9<=� A23-2� A9?6.� 9>2/<A3=/� 2+@/� >9� ,/

/8+,6/.� 9<� .3=+,6/.� �7+8?+66C� 9<� /6/-><3-+66C��� ./:/8.381� 98

>2/� :</=/8-/� 9<� +,=/8-/� 90� >2/� 9:>398+6� 38>/<8+6� .<3@/�

Audio. 	�E,3>� ��E;?+63>C� +?.39� :6+C,+-5� +8.� </-9<.� -+:+,363>C
3=� :<9@3./.� ,C� >2/� +?.39� -3<-?3><C�� A23-2� -98=3=>=� 90� +� �<C=>+6

%/73-98.?->9<� �%�
	�� �!���� +8.� =?::9<>381� -3<-?3><C�� &2/

��%�� -23:� +6=9� 38-6?./=� >2/� =/<3+6� 38>/<0+-/� >9� >2/� �%�
	��

�/+.:298/�� 73-<9:298/�� +8.� 638/E38� -988/->9<=� +</� 69-+>/.

98� >2/� </+<� :+8/6�� %>+8.+<.� =+7:6381� <+>/=� 38-6?./� ��� ���	�

+8.� ��� 5�D�

Real-Time Clock. �� </+6E>37/� -69-5� 3=� ./=318/.� 38>9� >2/� ��%�
-23:�� �+>>/<C� ,+-5?:� 5//:=� >37/� A236/� >2/� A9<5=>+>398� 3=

:9A/</.� .9A8�

PS/2. &2/</� +</� >A9� "%�
� -988/->9<=� 98� >2/� </+<� :+8/6� >2+>
+669A� -988/->398� >9� +� 69AE-9=>� 38.?=><CE=>+8.+<.� 5/C,9+<.

+8.� 79?=/�� &2/� "%�
� 38>/<0+-/� -3<-?3><C� 3=� 38>/1<+>/.� 38>9� >2/

��%�� -23:�

RS-232. �8� $%E
�
� 38>/<0+-/� 2+=� +6=9� ,//8� ./=318/.� 38>9� >2/
��%�� -23:�� &2/� �9./6� �	
� ,?00/<=� >2/� =318+6=� A3>2� +� ��*��


		� >9� :<9@3./� +8� $%E
�
� =/<3+6� :9<>�� ��%�� ,?00/<=� 38,9?8.

+8.� 9?>,9?8.� .+>+� A3>2� 	�E,C>/� ���!=�� +>� ,+?.� <+>/=� 0<97


�� >9� �
�� 5,3>=�=�

Parallel. &2/� ��%�� -23:� +6=9� :<9@3./=� +� :+<+66/6� :9<>� -9809<7381
>9� >2/� �/8><983-=� 38.?=><C� =>+8.+<.�

Flexible Disk Support. �� )/=>/<8� �313>+6� )�����
�� 06/B3,6/
.3=5� -98><966/<� 38>/<0+-/=� ��%�� >9� +8� 9:>398+6� 38>/<8+6� :/<=98E

+6E-97:?>/<E=>C6/� 06/B3,6/� .3=5� .<3@/�

Flash EPROM. �8� �E,3>� ,?=� 98� >2/� ��%�� -23:� 3=� ./7?6>3:6/B/.
,C� >A9� ����&���� 6+>-2/=� >9� :<9@3./� >2/� +..</==� +8.� .+>+

638/=� 8/-/==+<C� >9� +..</==� >2/� >A9� 	
��E,C>/� 06+=2� �"$!�=

>2+>� -98>+38� >2/� ,99>� 03<7A+</�� &2/� 06+=2� � �"$!�=� +</� +6=9

?=/.� >9� =>9</� -98031?<+>398� :+<+7/>/<=�� /63738+>381� >2/� 8//.

09<� +8� ��"$!�� +8.� 3>=� +==9-3+>/.� -9=>�

I/O System Support. ��%�� :<9@3./=� +� 8?7,/<� 90� 73=-/66+8/9?=
��!� =C=>/7� =?::9<>� 0?8->398=�� 38-6?.381�

• �69-5� 1/8/<+>398�� ��%�� ./<3@/=� +66� >2/� 8/-/==+<C� -69-5=� </E
;?3</.� ,C� >2/� ��!� -3<-?3><C� 0<97� >2/� 7+38� =C=>/7� -69-5�� �>

.9/=� =9� ,C� ?=381� =37:6/� .3@3./E,CE8� -9?8>/<=� +8.� >A9� .313E

>+6� :2+=/E69-5/.� 699:=�

• %C=>/7� +<,3><+>398� =?::9<>�� ��%�� +<,3><+>/=� �%�� ,?=� </;?/=>=
0<97� >2/� ��!� ./@3-/=� A3>238� ��%��� +=� A/66� +=� 0<97� >2/� �"'

+8.� 9:>398+6� /B:+8=398� -+<.�

• �8>/<<?:>� =?::9<>�� ��%�� +6=9� :<9@3./=� +8.� 7+8+1/=� /B>/<8+6
38>/<<?:>� -+:+,363>C� 09<� >2/� @+<39?=� ��!� ./@3-/=�

��
��
�	� ���

�9<� >29=/� ?=/<=� A29� 8//.� 0?8->398+63>C� ,/C98.� >2+>� :<9@3./.

,C� >2/� ,?36>E38� ��!�� >2/� �9./6� �	
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9>2/<� -+<.=�
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 ,)� �2()/� ��	� 6<67)0� '217%-16� %� 6-1+/)� 35-17)(� '-5'8-7� &2%5(
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 ,)� 6<67)0� &2%5(� -6� ��� /%<)56� ())3�� %1(� ,%6� �����>-1',

75%')6� %1(� 63%')6�� �7� 0)%685)6� ����� -1',)6� &<� ��
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 ,)� &2%5(� '216758'7-21� 6,2:1� -1� �-+�� �� :%6� ()6-+1)(� :-7,

7,)� 35-17)(� '-5'8-7� &2%5(� 9)1(25� 72� )1685)� 7,%7� 7,)� /)%67

'267/<� 0%7)5-%/6� :)5)� ',26)1� 72� 2&7%-1� 7,)� 1)')66%5<� )/)'75->

'%/� 3%5%0)7)56�� �/7,28+,� -7� -6� ()6-+1)(� 72� );,-&-7� 63)'-*-'

75%')� -03)(%1')6�� 7,)� &/%1.� 35-17)(� '-5'8-7� &2%5(� -6� 127� %

'21752//)(>-03)(%1')� ()6-+1�� :,-',� 6%9)6� '267��  ,)� *-1-6,)(
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23325781-7-)6�
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/.*=>;.<� *?*25*+5.� 875B� 87� 58@E,8<=� 89=287� +8*;-<�� =1.� <B<=.6

,8<=� 2<� 627262C.-� /8;� 68<=� ,><=86.;<�

&1.� !8-.5� ���� <B<=.6� 9.;/8;6*7,.� 2<� <>66*;2C.-� 27� &*+5.
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Table II
Model 712 Performance

Specification 712/60 712/80

%#��27=�� ���� ���


%#��/9�� ���� ����


!� "#%��#� ���� 

��

��!� �#$� �� ���� �
��

�	������

�����

&12<� 9*9.;� @8>5-� 78=� 1*?.� +..7� 98<<2+5.� @2=18>=� =1.� 1.59

8/� $8+� �8;7270�� !24.� �2.15�� �.//� �*;02<�� #*>5� &>,4.;�� %=.?.

%,1.2-�� *7-� �8@.55� �.5<.7=1*5�

&1.� -.<207� 8/� =1.� !8-.5� ���� 1*;-@*;.� @*<� *� =.*6� .//8;=�

*7-� 6*7B� 9.895.� *;.� =8� +.� =1*74.-� /8;� 2=<� <>,,.<<�� � %9.,2*5

=1*74<� =8� =1.� /2;6@*;.� =.*6� 27,5>-270� �.//� �.18.� *7-� �8>0

�.55.;�� @18<.� 2778?*=287<� 1.59.-� 4..9� =1.� 1*;-@*;.� <2695.�
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��
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6*;4.=270� =.*6� 8/� �*;;B� �;>6.�� %=.?.� �817<87�� *7-� �?*7

�*6.<� /8;� 9;8?2-270� /8,><�� � �27*55B�� =1*74<� =8� =1.� 0>2-*7,.� 8/

�52//�  8.+� *7-� �8.� �>,.=85*�� *7-� =8� =1.� ?2<287� 8/� �.77B

�.8;0�

�������	��

��� #*=;2,4� �7.+.5�� .=� *5�� D�#�<� #���

 ��� ��  8@E�8<=� %>9.;<,*5*;

#�E$�%�� #;8,.<<8;��� ����
��� ��
���� ��� �	������ �.+;>*;B� ���
�� 99�

���E����

��� %=.?.� '7-B�� .=� *5�� D��  8@E�8<=� �;*912,<� *7-� !>5=26.-2*� )8;4E

<=*=287� �129� %.=��� ����� ��
���� �9;25� ������ 99�� �
E���


�� ��� �8@-.55� *7-�  �� &1*B.;�� D%,*5*+5.� �;*912,<� �71*7,.6.7=<� /8;

#�E$�%�� )8;4<=*=287<��� ����
��� ��
���� ��� �	������ �.+;>*;B� �����

99�� ���E����

��� &86� %9.7,.;�� .=� *5�� D�� )8;4<=*=287� �	"� %B<=.6� 87� *� �129��

����
��� ��
���� ��� �	������ �.+;>*;B� �����
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Engineering design decisions made during the early stages of a product’s
development have a critical impact on the product’s cost, time to market,
reliability, performance, and success.
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• �,3(/,1(� 25*$1,=$7,21

• �/2$7,1*>32,17� )81&7,21$/,7<

• �$&.$*(� 7(&+12/2*<

• �(*5((� 2)� ,17(*5$7,21
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,03529(� 285� $%,/,7<� 72� 0$.(� *22'� '(6,*1� '(&,6,216�� :(� $/62

35(6(17�� :+(5(9(5� 3266,%/(�� $� %,7� 2)� +,1'6,*+7� $%287� 7+(� 352>

&(66�� �1� 0267� &$6(6�� :(� 67,//� %(/,(9(� 7+$7� :(� 6(/(&7('� 7+(� &25>

5(&7� $/7(51$7,9(�� �2:(9(5�� ,)� 7+,6� ,6� 127� 7+(� &$6(�� :(� ',6&866
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,19(67,*$7,216�� '(6,*1� 2)� &21752/� $/*25,7+06�� ,03/(0(17$7,21

2)� &,5&8,76�� $1'� 35(6,/,&21� $1'� 32676,/,&21� 9(5,),&$7,21��  &+('>
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������� �<� 6833257>

,1*� $� '(7$,/('� 6,08/$7,21� 02'(/� 2)� ($&+� 352&(6625� '(9(/23('

%<� ���� 7+(� 6<67(0� 3(5)250$1&(� /$%� ,6� $%/(� 72� 3529,'(� 48,&.

)(('%$&.� $%287� 352326('� &+$1*(6�� ��� $/62� 86(6� 7+(6(� 02'>

(/6� $)7(5� 6,/,&21� ,6� 5(&(,9('� 72� +(/3� 62)7:$5(� '(9(/23(56� �(6>

3(&,$//<� )25� &203,/(56� $1'� 23(5$7,1*� 6<67(06�� '(7(50,1(

%277/(1(&.6� 7+$7� /,0,7� 7+(,5� 3(5)250$1&(�

�1*,1((56� $7� 7+(� 6<67(0� 3(5)250$1&(� /$%� '(6,*1� 7+(,5� 352&(6>

625� 6,08/$7256� ,1� $1� 2%-(&7>25,(17('� /$1*8$*(� 72� $//2:� ($6<

/(9(5$*(� %(7:((1� ,03/(0(17$7,216�� �//� 352&(6625� )($785(6

7+$7� $))(&7� 3(5)250$1&(� $5(� 02'(/('� $&&85$7(/<� %<� &/26(

7($0:25.� %(7:((1� 7+(� 3(5)250$1&(� 02'(/,1*� *52836� $1'

7+(� +$5':$5(� '(6,*1� *52836�� �6� 7+(� +$5':$5(� *5283� &216,'>

(56� $� &+$1*(� 72� $� '(6,*1�� 7+(� &+$1*(� ,6� 0$'(� ,1� 7+(� 6,08/$>

725�� $1'� 6,08/$7,216� $5(� '21(� 72� $//2:� 6,03/(� &203$5,6216

7+$7� ',))(5� %<� 21/<� $� 6,1*/(� )$&725�� !+,6� ,6� &217,18('� ,1� $1

,7(5$7,9(� )$6+,21� 817,/� $//� '(6,*1� '(&,6,216� +$9(� %((1� 0$'(�
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�� ���� �&�� 
��A5.3� (*7&2.(� 5.3� ,7.)� &77&>� �
��A������� �'�� �� �
	A5.3� � $��� &3)� �(�� &� �	
A5.3� � $���

* The CPGA package is manufactured by Kyocera Inc. and the MQUAD packages are manufactured by Olin Interconnect Technologies.

(a) (b) (c)

&+9*7� <-.(-� <*� &7*� 1*+9� <.9-� &� 8.2:1&947� 9-&9� 2&9(-*8� 9-*

-&7)<&7*� 94� '*� ':.19�

%.9-4:9� 5*7+472&3(*� 8.2:1&9.438�� .9� <4:1)� '*� ;*7>� ).++.(:19

94� *89.2&9*� 5*7+472&3(*� +47� &� 574548*)� .251*2*39&9.43�

�;*3� 842*9-.3,� &8� 8.251*� &8� &� (-&3,*� .3� 45*7&9.3,� +7*6:*3(>

-&8� *++*(98� 9-&9� &7*� ).++.(:19� 94� *89.2&9*� '*(&:8*� 4+� 9-*� .39*7A

&(9.438� '*9<**3� +.=*)� 2*247>� &((*88� 9.2*8� &3)� 574(*8847

+*&9:7*8�� �8� 574(*8847� +7*6:*3(>� .3(7*&8*8�� 2*247>� 1&9*3(.*8

.3(7*&8*�� ':9� 9-.8� .3(7*&8*)� 1&9*3(>� .8� 842*9.2*8� �':9� 349

&1<&>8�� -.))*3� '>� +*&9:7*8� 8:(-� &8� 89&11A43A:8*�� "9&11A43A:8*

&114<8� 9-*� 574(*8847� 94� (439.3:*� *=*(:9.43� .3� 9-*� 57*8*3(*

4+� (&(-*� 2.88*8� &8� 143,� &8� 9-*� )&9&� .8� 349� 3**)*)� +47� &3� 45A

*7&9.43�� #-*8*� .39*7&(9.438� 2&0*� &((:7&9*� -&3)� (&1(:1&9.438

.25488.'1*�� (7*&9.3,� &� 3**)� 94� :8*� 8.2:1&9.438� +47� (425&7.3,

2&3>� ).++*7*39� .251*2*39&9.43� 459.438�

#-*� 5*7+472&3(*� 8.2:1&9.438� &7*� '&8*)� 43� "���� &3)� #��

'*3(-2&708�� %-.1*� 9-*8*� '*3(-2&708� &7*� :8*+:1� +47� ,&9-*7A

.3,� 5*7+472&3(*� 3:2'*78� &3)� 2&0.3,� (425&7.8438�� 9-*>� )4

349� 9*11� 9-*� <-41*� 8947>�� �&3>� &551.(&9.438� &7*� 349� 7*57*A

8*39*)� '>� 9-*� '*3(-2&708�� .3(1:).3,� ,7&5-.(8�� 2:19.2*).&�

(7.9.(&1� -&3)A(4)*)� 45*7&9.3,� 8>89*2� 74:9.3*8�� &3)� 84� 43�

%-*3� *;&1:&9.3,� +*&9:7*8� 7*1&9*)� 94� 9-*8*� &551.(&9.438�� <*

<470� ).7*(91>� <.9-� 5*451*� .3� 9-48*� &7*&8� 94� &3&1>?*� 9-*� .2A

5&(9� 4+� &3>� )*(.8.438�� �+9*3� 9-.8� .3;41;*8� &3&1>?.3,� '>� -&3)

(7.9.(&1� 8*(9.438� 4+� 9-*� (4)*� �*�,��� 9.,-9� 14458�� 94� *;&1:&9*

9-*� 4;*7&11� 5*7+472&3(*� ,&.3� &884(.&9*)� <.9-� &� +*&9:7*�� �47

9-*� ��� �
		���� 9-.8� <&8� *85*(.&11>� 97:*� +47� 9-*� 2:19.2*).&

+*&9:7*8�

#-*� &'.1.9>� 94� 6:&39.+>� 9-*� .25&(9� 4+� 574548*)� +*&9:7*8� 43

(489�� 8(-*):1*�� &3)� 5*7+472&3(*� <&8� 5&7&24:39� 94� 4:7

&'.1.9>� 94� 2&0*� 84:3)� )*8.,3� )*(.8.438�

���	
����
�

#-*� +.789� )*8.,3� )*(.8.438� 9-&9� <*� 2&)*� <*7*� 7*1&9*)� 94� 9-*

-.,-A1*;*1� 6:*89.43� @�4<� -.,-1>� .39*,7&9*)� 8-4:1)� <*� 2&0*

9-*� (-.5��� #-.8� 1*)� 94� 9-*� 6:*89.438�� "-4:1)� <*� .3(1:)*� &3

43A(-.5� (&(-*� 47� 349�� �+� 84�� -4<� 1&7,*� 8-4:1)� .9� '*�� �+� <*

-&;*� &3� 4++A(-.5� (&(-*�� -4<� 8-4:1)� <*� 897:(9:7*� .9�� �4<

8-4:1)� 9-*� ��$� (433*(9� 94� 2*247>� &3)� ����� "-4:1)� 9-*

2*247>� (4397411*7� '*� .39*,7&9*)� 47� 349�

#-*� 57.2&7>� 6:*89.43� <&8� <-*9-*7� 9-*� ��$�� (&(-*�� &3)

2*247>� 8>89*2� 8-4:1)� 1.;*� 43� &� 8.3,1*� ).*� .3� &� 8.3,1*� 5&(0A

&,*�� 47� <-*9-*7� <*� 8-4:1)� 5&79.9.43� 9-.8� +:3(9.43&1.9>� 4394

9<4� 47� 247*� (-.58�

#-*� 97&)*A4++8� .3;41;*)� .3� 9-.8� )*(.8.43� <*7*� 3:2*74:8�� �.*

(489� <4:1)� .3(7*&8*� +47� &� 2:19.(-.5� 841:9.43�� �&(0&,*� (489

<4:1)� ;&7>� <.9-� 9-*� 5&79.9.43.3,� 9-&9� <*� (-48*�� &8� <4:1)

5&(0&,*� 9>5*� &3)� 2&=.2:2� 5.3� (4:39�� !*6:.7*)� 8.,3&1A94A

,74:3)� 7&9.48� <4:1)� ;&7>� <.9-� 5&(0&,*� 9>5*�� <-.(-� <4:1)

*.9-*7� 1.2.9� 9-*� 8.,3&1� (4:39� 47� 7*6:.7*� 247*� 5.38� �&9� &� -.,-*7

(489��� �*7+472&3(*�� )*8.,3� (4251*=.9>�� &3)� 8(-*):1*� 7.80

<4:1)� '*� ,7*&91>� .25&(9*)� '>� 9-*� 5&79.9.43.3,� )*(.8.43�

#4� 8479� 4:9� 9-*8*� 97&)*A4++8�� <*� 89&79*)� <.9-� &� 5&(0&,.3,

.3;*89.,&9.43� 9-&9� 6:&39.+.*)� (489�� 5*7+472&3(*�� &3)� 7.80� +47

).++*7*39� 5&(0&,.3,� &19*73&9.;*8�� #-.8� .3;*89.,&9.43� >.*1)*)� &

57*+*77*)� 5&(0&,*�� &� 
��A5.3� (*7&2.(� 5.3� ,7.)� &77&>� 8**� ��.,�

�&��� #-.8� 5&(0&,*�� <.9-� .98� 1&7,*� 8.,3&1� (4:39�� (4:1)� &((42A

24)&9*� 9-*� *=97&� .39*7+&(*8� 7*6:.7*)� 94� .3(1:)*� &� 2*247>

(4397411*7�� &3� ���� (4397411*7�� &3)� &3� *=9*73&1� (&(-*� (439741A

1*7�

#-*� 2*247>� (4397411*7� &3)� (&(-*� .3;*89.,&9.438� <*7*� 9.,-91>

(4:51*)�� �*7+472&3(*� 8.2:1&9.438� &1<&>8� .3(1:)*)� +*&9:7*8

+742� '49-� 8:'8>89*28� '*(&:8*� 82&11� (-&3,*8� .3� 9-*� '*-&;.47

4+� 43*� 8:'8>89*2� (4:1)� )7&89.(&11>� &++*(9� 9-*� 5*7+472&3(*� 4+

9-*� 49-*7�� �3� 9-*� *3)� <*� 7*&1.?*)� 9-&9� 9-*� 5*7+472&3(*� ,&.38

'74:,-9� '>� &3� .39*,7&9*)� 2*247>� (4397411*7� *3&'1*)� 82&11*7�

(-*&5*7� (&(-*8� <.9-4:9� 8&(7.+.(.3,� 4;*7&11� 5*7+472&3(*�� #-.8

7*&1.?&9.43� )74;*� 9-*� )*;*1452*39� 4+� 9-*� (&(-*� 8:'8>89*2�

Package Selection and CPU Partitioning. %*� 9&7,*9*)� 9-*� ��
5&(0&,*� )*8.,3� <.9-� 9-*� 4'/*(9.;*� 4+� 2.3.2.?.3,� 8>89*2� (489

<.9-� 1.991*� (425742.8*� .3� 5*7+472&3(*�� #-*� (:8942&7>� 5&(0A

&,*� +47� ��$� (-.58� .8� *.9-*7� &� 6:&)� +1&9� 5&(0� � ���� 47� &� 5.3

,7.)� &77&>�� #-*�  ��� .8� &� 51&89.(�� 14<A574+.1*� 5&(0&,*� <.9-

,:11A<.3,� (433*(9.438� 43� +4:7� 8.)*8�� #-*�  ��� .8� .3*=5*38.;*

&3)� *&8>� 94� 24:39� 43� &� 57.39*)� (.7(:.9� '4&7)� &3)� -&8� ,&.3*)

&((*59&3(*� 7&5.)1>� +47� 8:7+&(*� 24:39.3,� 94� 57.39*)� (.7(:.9

'4&7)8�� �9� -&8� 9-*� ).8&);&39&,*� 9-&9� 9-*� 3:2'*7� 4+� 5.38� .8

1.2.9*)�� �.3� (4:398� &'4;*� �		� &7*� +7&,.1*� &3)� ).++.(:19� 94� 0**5
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(451&3&7� +47� 8:7+&(*� 24:39.3,�� #-*� 5&(0&,*� &184� -&8� ;*7>

1.2.9*)� &'.1.9>� 94� ).88.5&9*� -*&9� '*(&:8*� 9-*� (-.5� .8� *3(&8*)

.3� 51&89.(�� �� 7*(*39� .2574;*2*39� 94� 9-.8� 5&(0&,*� 8&3)<.(-*8

9-*� (-.5� '*9<**3� 9<4� 5.*(*8� 4+� &1:2.3:2�� <-.(-� (&3� ).88.@

5&9*� :5� 94� +4:7� <&998� 4+� -*&9� �9*3� <&998� <.9-� &� -*&9� 8.30��� �9

<&8� 9-.8� 2*9&1� 6:&)�� 47� �!$���� 9-&9� '*(&2*� &� (&3).)&9*

+47� &� 14<@(489� 5&(0&,*� +47� 4:7� -.,-@5*7+472&3(*� � $�� � �8

5&(0&,*� 4+� (-4.(*� +47� 57*;.4:8� � $8� -&8� '**3� 9-*� (*7&2.(

5.3� ,7.)� &77&>�� &� (4251*=� '7.(0� 4+� &1:2.3:2� 4=.)*� &3)� 9:3,@

89*3� ':.19� .3� 1&>*78� &3)� +.7*)� &9� �			°��� #-*�  ��� :8*)� +47
9-*�  �� �
		� 574(*8847� �9-*� '&8.8� +47� 9-*�  �� �
		���� <&8� &

�	
@5.3� )*8.,3� 9-&9� .3(47547&9*)� 9-*� +4114<.3,� &);&3(*)

+*&9:7*8�

• �� 9:3,89*3@(455*7� -*&9@(43):(9.3,� 81:,� +47� 8:5*7.47� 9-*72&1

(43):(9.;.9>� 94� 9-*� -*&9� 8.30

• �*7&2.(� (-.5� (&5&(.9478� 24:39*)� 43� 9-*� 5&(0&,*� +47� 54<*7

'>5&88.3,

• #-.3� ).*1*(97.(� 1&>*78� 9-&9� 2.3.2.?*)� 54<*7� 8:551>�

.3):(9&3(*

• $8*� 4+� 	�		
@.3� ;.&8� .39*73&11>� �2489� &7*� 	�		�@.3(-��

#-.8� 5&(0&,*� 5*7+472*)� .98� 9-*72&1� &3)� *1*(97.(&1� ):9.*8� ;*7>

<*11�� ':9� .98� (489� -&)� &1<&>8� '**3� &3� .88:*�

�:7� 897&9*,>� 94� )*;*145� &� 14<@(489� � $� (4:51*)� (-.5� 5&79.@

9.43.3,� 459.438� <.9-� 9-*� 5&(0&,.3,� 459.438� 4+� :8.3,� *.9-*7

9<4� 14<@(489� �!$��� 5&(0&,*8� 47� 51&(.3,� &� 8.3,1*� 1&7,*� (-.5

.3� &�  ���� #-*� 9<4@(-.5� � $� (4:1)� '*� 51&(*)� .3� 43*� �
	@5.3

&3)� 43*� �	
@5.3� �!$��� �8**� �.,8�� �'� &3)� �(��� #-*� 49-*7

&19*73&9.;*� <&8� 94� 51&(*� &� 1&7,*7� .39*,7&9*)� (-.5� .3� &� 8.3,1*


��@5.3�  ��� �8**� �.,�� �&��� #-*� +.789� (489� *89.2&9*� &88:2*)

9-&9� 9-*�  ��� <4:1)� '*� 57.(*)� 8.2.1&71>� 94� 9-*� �	
@5.3� 5&(0@

&,*�� #-*� 949&1� (489� 4+� '49-� �!$��� (-.58� <&8� .3.9.&11>

9-4:,-9� 94� '*� &'4:9� ���� 1*88� 9-&3� 9-*�  ��� *89.2&9*�� #-.8

<4:1)� 8**2� 94� .3).(&9*� 9-&9� 9-*� �!$��� <4:1)� '*� 9-*� )*+.@

3.9*� (&3).)&9*� 94� 2**9� 4:7� 14<@(489� ,4&18�� �4<*;*7�� 9-&9

5*7(*59.43� (-&3,*)� &8� 4:7� .3;*89.,&9.43� (439.3:*)�

%*� ).)3�9� *=5*(9� 9-*� �!$���8� *1*(97.(&1� 5*7+472&3(*� 94

2&9(-� 9-&9� 4+� 9-*�  ��� '*(&:8*� 9-*� �!$��� <*� <*7*� (43@

8.)*7.3,� -&)� 431>� 43*� 1&>*7� 4+� 8.,3&18� &3)� 34� ,74:3)� 51&3*8�

�74:3)� 51&3*8� (&3� '*� :8*)� 94� 8-.*1)� 8.,3&1� 97&(*8� +742� *&(-

49-*7� &3)� 7*):(*� .3):(9&3(*8� 4+� 8.,3&18� &3)� 54<*7� 8:551.*8�

#-*�  ��� (4:1)� .3(47547&9*� 8*;*7&1� ,74:3)� 51&3*8� .+� 3*(*8@

8&7>�� �3� 9-*� 49-*7� -&3)�� 9-*� �!$��� 5&(0&,*� (&3� 431>� &5@

574&(-� 9-*� 8-.*1).3,� *++*(9� 4+� 9-*� ,74:3)� 51&3*8� '>� 2&0.3,

*;*7>� 49-*7� 1*&)� &� ,74:3)�� <-.(-� 8*;*7*1>� 1.2.98� 9-*� 3:2'*7

4+� :8&'1*� 8.,3&18�� �&.3.3,� &� 14<*7� 5&(0&,*� 57.(*� '>� :8.3,

9-*� �!$��� <4:1)� 7*6:.7*� 7*)*8.,3.3,� 9-*� ���� )7.;*78� 85*@

(.+.(&11>� 94� 7*):(*� 7.8*� 9.2*8� &3)� 9-*7*'>� (439741� (74889&10

&3)� 54<*7� 8:551>� 34.8*�

#-*�  �� �
		�  ���8� *1*(97.(&1� 5*7+472&3(*� *=(**)*)� 9-*

3**)8� 4+� 9-.8� (-.5�� 84� 9-*� 897&9*,>� 8-.+9*)� 94� 97&).3,� &<&>

*=(*88� 5*7+472&3(*� 94� ,&.3� 14<*7� (489�� #-*� 3:2'*7� 4+

54<*7� &3)� ,74:3)� 51&3*8� <&8� 7*):(*)� 94� 9<4�� #-*� )*8.,3

<&8� &184� 24).+.*)� 94� 459.2.?*� 5*7+472&3(*� <.9-4:9� :8.3,

5&(0&,*@24:39*)� '>5&88*8� 47� 9-.3� ).*1*(97.(� 1&>*78�� #-*

 ��� )*8.,3� <&8� 7*):(*)� 94� +4:7� .39*73&1� 2*9&1� 1&>*78� <.9-

34� '>5&88.3,�� 34� 9-.3� ).*1*(97.(� 1&>*78�� &3)� 34� 	�		
@.3� ;.&8�

&11� 4+� <-.(-� 7*):(*)� (489� (425&7*)� 94� 9-*� �	
@5.3�  ��

2*39.43*)� &'4;*�

#-*� 54<*7� ).88.5&9.43� 4+� 9-*� (-.58� <4:1)� &184� -&;*� '**3� &3

.88:*� +47� 9-*� �!$��8�� �*&9� 8.30.3,� 94� +:79-*7� .2574;*� 9-*

9-*72&1� 7*8.89&3(*� 4+� 9-*� 5&(0&,*8� 2.,-9� -&;*� '**3� 7*@

6:.7*)�� � $� )*8.,38� &7*� 4+9*3� :5,7&)*)� 94� -.,-*7� (14(0

85**)8� &+9*7� +.789� 7*1*&8*�� 84� .+� 5&(0&,*� -*&9� ).88.5&9.43� .8

2&7,.3&1�� :5,7&)*� (&5&'.1.9>� .8� /*45&7).?*)�� �#>5.(&11>�

54<*7� ).88.5&9.43� .8� 5745479.43&1� 94� 45*7&9.3,� +7*6:*3(>��

#-*� �	
@5.3�  ��� -&)� &17*&)>� '**3� :8*)� 94� ).88.5&9*� ��

<&998�� <-.(-� 1*+9� &3� 455479:3.9>� +47� (489@8&;.3,� 24).+.(&9.438�

%.9-� 9-*� 9-*72&1� 2&7,.3� .3� 2.3)�� 9<4� )*8.,3� (-&3,*8� <*7*

.3;*89.,&9*)�� 43*� 94� :8*� &� 14<*7@(489� (455*7@�4;&7@(455*7

1&2.3&9*� -*&9� 857*&)*7�� &3)� 9-*� 49-*7� 94� *1.2.3&9*� 9-*� -*&9

857*&)*7� *39.7*1>�� #-*� +.789� 459.43� <&8� ).82.88*)� '*(&:8*� 4+

+&.1:7*8� +4:3)� ):7.3,� &� 14<@9*25*7&9:7*� 8947&,*� 9*89�� �#-*

1&2.3&9*� -*&9� 857*&)*7� )*9&(-*)� +742� 9-*� (*7&2.(� '4)>� '*@

(&:8*� 4+� &� ).85&7.9>� .3� 9-*72&1� *=5&38.43� 7&9*8��� #-*� 8*(43)

459.43� <&8� &184� ).82.88*)� <-*3� 9-*� 9-*72&1� 7*8.89&3(*� 4+

9-*� (*7&2.(� (&77.*7� <&8� +4:3)� 94� '*� 944� -.,-�

#-*� 9.2*� 8(-*):1*� +47� 9-*� (4251*9.43� 4+� 7*1.&'.1.9>� 9*89.3,

&3)� 2&3:+&(9:7.3,� +*&8.'.1.9>� 89:).*8� -&)� 94� '*� (438.)*7*)

<-*3� *;&1:&9.3,� 9-*� 9<4� 9*(-3414,.*8�� #-*�  ��� <&8� &� 2&@

9:7*� 9*(-3414,>� <.9-� (438.)*7&'1*� *=5*7.*3(*� '*-.3)� .9�� &3)

9-*� 9.2*� 8(-*):1*� &3)� 7*8:198� 4+� 9-*� 9*89.3,� (4:1)� '*� )*9*7@

2.3*)� <.9-� 842*� (*79&.39>�� #-*� �!$��� <&8� &� 3*<� 9*(-341@

4,>� '>� (4397&89�� #-*� )*8.,3� <&8� 841.)�� ':9� -&)� 8*;*7&1� 3*<

+*&9:7*8� 9-&9� <*7*� :39*89*)� .3� 9*728� 4+� 143,@9*72� 7*1.&'.1.9>�

�*85.9*� 9-*� 89743,� )*8.7*� 94� *=514.9� 3*<� 9*(-3414,>�� 9-*

8(-*):1*� 7.80� <&8� &� 8.,3.+.(&39� +&(947�

�>� 9-*� 9.2*� 9-*� 5&79.9.43.3,� )*(.8.43� <&8� 94� '*� 2&)*�� 9-*

 ��� (489� -&)� 8-7:30� 94� &12489� -&1+� 4+� .98� 47.,.3&1� (489�� 9-*

�	
@5.3� �!$��� <&8� 57*8*39.3,� 8(-*):1*� 7.808�� &3)� '49-

�!$��8� -&)� 2&7,.3&1� 54<*7� ).88.5&9.43��  488.'1>� 2489

.25479&39�� 9-*�  ��� 574;.)*)� &� 74':89� 841:9.43� <.9-� 9-*72&1

&3)� *1*(97.(&1� 2&7,.38�� #-*� (489� ).++*7*3(*� <&8� 89.11� 8.,3.+.@

(&39�� ':9� 9-*�  ��� 574;.)*)� &� +1*=.'.1.9>� 94� 9-*� (-.5� )*8.,3*78

9-&9� 4++8*9� .98� ).8&);&39&,*8�� #-:8�� 9-*�  ��� 5&(0&,*� <&8

(-48*3� +47� 9-*�  �� �
		���

Memory Controller Destiny. %-*9-*7� 47� 349� 94� .39*,7&9*� 9-*

2*247>� &3)� ���� (4397411*78� 4394� 9-*� � $� ).*� <&8� 43*� 4+

9-*� 2489� ).7*(9.43@+472.3,� )*(.8.438� 9-&9� <*� 2&)*�� #4� )*@

(.)*� (477*(91>�� <*� -&)� 94� (438.)*7� 9-*� *++*(98� 4+� .39*,7&9.43

43� +&(9478� 8:(-� &8� 2:19.574(*8847� (&5&'.1.9>�� 8>89*2� (4251*=@

.9>�� 2*247>� &3)� ���� (4397411*7� )*8.,3� (4251*=.9>�� ).*� (489�

2*247>� 8>89*2� 5*7+472&3(*�� &3)� 2*247>� 8>89*2� +1*=.'.1.9>�

#7&).9.43&1� 2:19.574(*8847� 8>89*28� -&;*� &� 8.3,1*� 2&.3� 2*2@

47>� (4397411*7� &3)� ���� (4397411*7� �8**� �.,8�� �&� &3)� �'��� #-*8*

(4397411*78� 2&.39&.3� (433*(9.438� 94� 9-*� 2:19.51*� 574(*88478�

">89*28� 47,&3.?*)� .3� 9-.8� <&>� 8*5&7&9*� 9-*� 2*247>� &3)� ���

(4397411*78� +742� 9-*� � $�� #-.8� 47,&3.?&9.43� &114<8� :8*78� 94

:5,7&)*� *397>@1*;*1� 8>89*28� 94� .3(1:)*� 2:19.51*� 574(*88478� &9

9-*� *=5*38*� 4+� 7*):(.3,� 9-*� 2*247>� &3)� ���� 5*7+472&3(*

4+� :3.574(*8847� 8>89*28� &3)� &)).3,� 8.,3.+.(&39� (4251*=.9>� 94

'49-� 9-*� 2*247>� &3)� (&(-*� (4397411*78�

�:7� )*8.,3� ,4&18� +4(:8*)� 43� 2&=.2.?.3,� :3.574(*8847� 5*7@

+472&3(*�� � � <&8� &17*&)>� 8-.55.3,� )*80945� 2:19.574(*8847

8>89*28� ':.19� &74:3)� 9-*�  �� �
		� 2.(74574(*8847� &9� 9-*

9.2*� <*� <*7*� 2&0.3,� 9-*8*� )*(.8.438�� #-*� 2&70*9� 8*,2*39

9-&9� <*� <*7*� 9&7,*9.3,� +47� 9-*�  �� �
		��� )*2&3)*)� 5*&0

:3.574(*8847� 5*7+472&3(*� &9� &� 14<� 8>89*2� (489�� ".3(*� 4:7

9&7,*9� 2&70*9� ).)3�9� 7*6:.7*� 2:19.574(*88.3,� &8� &� 8>89*2

459.43�� <*� ).7*(9*)� 4:7� *++4798� 94<&7)� 9-*� '*3*+.98� 9-&9� <*
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����� ��� �$���%�� �7.6,241&(5514� $4&+,6(&674(5� ,0� 9+,&+� 6+(� /(/14;

$0'� ���� &10641..(4� $4(� 5(2$4$6(� )41/� 6+(� ��"5�� �&�� �� 70,241&(5514

5;56(/� ,0� 9+,&+� 6+(� /(/14;� $0'� ���� &10641..(4� $4(� ,06(*4$6('� ,061

6+(� ��"� &+,2�

Optimized
On-Chip Memory

and
I/O Controller

CPU 1

CPU 2
Possible
Upgrade

Second-Level
Cache, Memory,

and I/O Controller

I/O Connection

(a)

CPU 1

Cache

Off-Chip
Memory and
I/O Controller

I/O Connection

(b)

CPU 2

Cache

Shared
System Bus

Memory
Array

Memory
Array

CPU
I/O Connection

Memory
Array(c)

Cache

Cache

Cache Controller

&17.'� %4,0*� 61� $� 5;56(/� 6+417*+� $� )1&75('� 70,241&(5514� '(=

5,*0�

�06(*4$6,0*� 6+(� /(/14;� $0'� ���� &10641..(4� 9,6+� 6+(� ��"� ,0� $

70,241&(5514� 5;56(/� ��,*�� �&�� &$0� +$8(� $� '4$/$6,&� ())(&6� 10

4('7&,0*� &$&+(� /,55� 2(0$.6,(5� %;� '(&4($5,0*� 6+(� 07/%(4� 1)

&+,2� %170'$4,(5� 6+$6� 6+(� /,55,0*� '$6$� /756� &4155� $0'� %;

$..19,0*� 6+(� /(/14;� $0'� ���� &10641..(4� ($4.;� $&&(55� 61� ,/=

2146$06� ��"� ,06(40$.� 5,*0$.5�� �,55� 241&(55,0*� 10� 6+(� /(/14;

,06(4)$&(� &$0� ())(&6,8(.;� %(*,0� ,0� 2$4$..(.� 9,6+� /,55� '(6(&6,10

,0� 6+(� &$&+(� &10641..(4�� �0� ,06(*4$6('� /(/14;� &10641..(4� &$0

(8(0� 75(� 6(&+0,37(5� 57&+� $5� 52(&7.$6,8(� $''4(55� ,557(� 61

%(*,0� 241&(55,0*� &$&+(� /,55(5� %()14(� 6+(� &$&+(� &10641..(4

'(6(&65� $� &$&+(� /,55�

!+(� 4('7&6,105� ,0� ���� �&;&.(5� 2(4� ,05647&6,10�� 6+$6� 9(� &17.'

$&+,(8(� %;� ,06(*4$6,0*� 6+(� /(/14;� &10641..(4� $..19('� 75� 6+(

'(*4((5� 1)� )4(('1/� 6+$6� 9(� 0(('('� 61� (:2.14(� &(46$,0� &$&+(

$4&+,6(&674(5� ,0� *4($6(4� '(6$,.��  1/(� 1)� 6+(5(� $4&+,6(&674(5

$4(� '(5&4,%('� ,0� 6+(� 0(:6� 5(&6,10�

 ;56(/� &1/2.(:,6;� ,5� 4('7&('� 9,6+� $0� ,06(*4$6('� /(/14;� $0'

���� &10641..(4�� !+(� ��
=2,0� ����� 6+$6� 9(� 9(4(� &105,'(4,0*

)14� $0� ,06(*4$6('� '(5,*0� +$'� 57)),&,(06� 5,*0$.� +($'411/� 61

(0$%.(� 5(2$4$6(�� '(',&$6('� /(/14;� $0'� ���� &100(&6,105�� �

691=&+,2� $2241$&+�� 75,0*� 6+(� .19(4=&156� ��"��� 2$&-$*(5�

917.'� %(� )14&('� 61� 5+$4(� 2,05� %(69((0� 6+(� /(/14;� $0'� ���

&100(&6,105� 61� $&&1//1'$6(� 6+(� .19� 5,*0$.� &1706� 1)� 6+(

��"��� 2$&-$*(�� 9+,&+� 917.'� ,0&4($5(� 5;56(/� &1/2.(:,6;�

�0� ,06(*4$6('� /(/14;� $0'� ���� &10641..(4� $.51� 5,/2.,),(5� 6+(

,06(4)$&(� 61� 6+(� ��"��  ,0&(� 6+,5� ,06(4)$&(� &100(&65� 691� (06,=

6,(5� 10� 6+(� 5$/(� ',(�� 5,*0$.� &1706� 10� 6+(� ,06(4)$&(� %(&$/(

/7&+� .(55� ,/2146$06�� 9+,&+� $..19('� 75� 61� 5,/2.,);� 6+(�

,06(4)$&(� '(5,*0� &105,'(4$%.;�

�0� 6+(� '190� 5,'(�� ,06(*4$6,0*� $� /(/14;� $0'� ���� &10641..(4

4(37,4('� (017*+� ).(:,%,.,6;� ,0� ,65� '(5,*0� 61� 5$6,5);� 6+(� %41$'

4$0*(� 1)� 5;56(/� &7561/(45� 6+$6� 174� &+,2� 917.'� (0&1706(4�

�19(8(4�� 6+,5� 4(37,4(/(06� $.51� (:,565� )14� $� 010,06(*4$6('

51.76,10�� �,5614,&$..;�� 5;56(/� 2$460(45� +$8(� 016� 4('(5,*0('

/(/14;� &10641..(45� 6+$6� 6+(� ��"� 6($/� +$5� 2418,'('� $5� 2$46

1)� $� ��"� &+,25(6�� ���5� $'8$06$*(� 1)� 2418,',0*� %16+� 241&(5=

5145� $0'� 5;56(/5� +$5� $..19('� 75� 61� 914-� &.15(.;� 9,6+� 5;56(/

'(5,*0(45� $0'� (0$%.('� 75� 61� /((6� 6+(,4� 0(('5� ,0� %16+� ,06(=

*4$6('� $0'� 010,06(*4$6('� &+,25(65�

�0� 57//$4;�� ,06(*4$6,0*� 6+(� /(/14;� $0'� ���� &10641..(4� 1061

6+(� ��"� &14(� ,0641'7&('� $� *$,0� ,0� 2(4)14/$0&(�� $� 4('7&6,10

,0� &1/2.(:,6;� $0'� 5&+('7.(� 4,5-�� $0'� 5(8(4$.� 2155,%,.,6,(5� )14

4('7&('� &156� ,0� 6+(� &$&+(� 57%5;56(/�� !+(5(� 9(4(� 6+(� &1/=

2(..,0*� 4($5105� 61� /18(� 6+(� /(/14;� &10641..(4� 1061� 6+(� ��"

',(� $0'� &106,07(� (:2.14,0*� &$&+(� $.6(40$6,8(5� $0'� 126,/,<,0*

/(/14;� 5;56(/� 2(4)14/$0&(�

Cache Organization. �0(� 1)� 6+(� ',56,0*7,5+,0*� &+$4$&6(4,56,&5

1)� ��� ��=�� �� '(5,*05� 18(4� 6+(� 2$56� 5(8(4$.� ,/2.(/(06$6,105

+$5� %((0� 6+(� $%5(0&(� 1)� 10=&+,2� &$&+(5� ,0� )$814� 1)� .$4*(�

(:6(40$.� &$&+(5�� #+,.(� &1/2(6,6145� +$8(� '(',&$6('� .$4*(

2146,105� 1)� 6+(,4� 5,.,&10� ',(� 61� 10=&+,2� ���5�� ��� +$5� &106,0=

7('� 61� ,08(56� ,0� $**4(55,8(� &,4&7,6� '(5,*0� 6(&+0,37(5� $0'

+,*+(4� 2,0� &1706� 2$&-$*(5� 6+$6� $..19� 6+(,4� 241&(55145� 61� 75(

,0'7564;=56$0'$4'�  ���5�� 9+,.(� )(6&+,0*� ,05647&6,105� $0'

'$6$� (8(4;� &;&.(� $6� 241&(5514� )4(37(0&,(5� 1)� 	��� ��<� $0'

$%18(�� !+,5� +$5� $..19('� 174� 5;56(/� 2$460(45� 61� 6$-(� $� 5,0*.(

241&(5514� &+,2� $0'� '(5,*0� 241'7&65� /((6,0*� $� 9,'(� 4$0*(� 1)

24,&(� $0'� 2(4)14/$0&(� 21,065� )14� /$4-(65� 4$0*,0*� )41/� 6+(

.19=&156� '(5-612� /$&+,0(5� 61� +,*+=2(4)14/$0&(� 5(48(45�� �14

(:$/2.(�� 6+(� ��� �	��� &+,2� +$5� %((0� 75('� ,0� 5;56(/5� 9,6+

&$&+(� 5,<(5� 4$0*,0*� )41/� 	
��� %;6(5� 61� 
�� %;6(5� $0'� 241=

&(5514� )4(37(0&,(5� 4$0*,0*� )41/� ��� ��<� 61� 	��� ��<�

!+(� /$,0� '(5,*0� *1$.5� )14� 6+(� ��� �	����� 9(4(� .19� &156� $0'

+,*+� 2(4)14/$0&(�� "0)14670$6(.;�� +,*+=2(4)14/$0&(� 5;56(/5

75(� .$4*(�� )$56�� (:2(05,8(� &$&+(5�� �%8,175.;�� 64$'(=1))5� +$'

61� %(� /$'(�� �5� 9,6+� 24(8,175� ,/2.(/(06$6,105�� 6+(� '(5,*0(45

56$46('� 9,6+� $� &.($0� 5.$6(� $0'� &105,'(4('� 8$4,175� &$&+(� 12=

6,105�� ,0&.7',0*� 10=&+,2� &$&+(� 10.;�� 10=&+,2� &$&+(� 9,6+� $0

126,10$.� 5(&10'=.(8(.� &$&+(�� 52.,6� ,05647&6,10� $0'� '$6$� 1))=

&+,2� &$&+(5�� $0'� &1/%,0('� 1))=&+,2� &$&+(5� �5((� �,*�� ���� ".6,=

/$6(.;�� 6+(� &$&+(� '(5,*0� 9$5� &.15(.;� .,0-('� 61� 6+(� /(/14;

&10641..(4� '(5,*0� %(&$75(� 1)� 6+(� .$4*(� ())(&6� 1)� /(/14;

.$6(0&;� 10� &$&+(� /,55� 2(0$.6,(5�
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����� ��� �/,,+7+39� )').+� 47-'3/?'9/438�� �'��  3@)./5� )').+�� �(��  3@

)./5� )').+� </9.� '3� 459/43'1� 8+)43*@1+;+1� )').+�� �)�� #51/9� /3897:)9/43

'3*� *'9'� 4,,@)./5� )').+8�� �*�� �42(/3+*� 4,,@)./5� )').+8�

Instruction
Cache

Data
Cache

CPU

Instruction
Cache

Data
Cache

CPU

Optional Second-Level
Instruction and

Data Cache

Instruction
Cache

Data
CacheCPU

Combined
Instruction and

Data Cache
CPU

(a)

(b)

(c)

(d)

 3@)./5� )').+8� .';+� 9.+� 4(;/4:8� '*;'39'-+� 9.'9� 9.+>� )'3

'114<� 8/3-1+@)>)1+� 14'*8� '3*� 8947+8� '9� ./-.+7� )./5� ,7+6:+3)/+8

9.'3� '7+� 5488/(1+� </9.� 2'3>� 4,,@)./5� )').+� *+8/-38�� $.+>

'184� '114<� *+8/-3+78� 94� (:/1*� 851/9� '3*� '884)/'9/;+� )').+� '7@

7'>8� <./).� <4:1*� (+� 574./(/9/;+� ,47� 4,,@)./5� *+8/-38� (+@

)':8+� 4,� 9.+� 1'7-+� 3:2(+7� 4,� �� � 5/38� 7+6:/7+*�� %3,479:@

3'9+1>�� /3� ):77+39� 9+).3414-/+8� 43@)./5� )').+8� 9+3*� 94� (+

,'/71>� 82'11� ���� (>9+8� 94� ���� (>9+8�� '3*� +;+3� </9.� 9<4@94@

,4:7@<'>� '884)/'9/;/9>�� 9.+>� .';+� ./-.+7� 2/88� 7'9+8� 9.'3

1'7-+7� ��
�� (>9+8� 94� ����� (>9+8�� */7+)9@2'55+*�� 4,,@)./5

)').+8�� �184�� 43@)./5� )').+8� 7+6:/7+� '� 8:(89'39/'1� '24:39� 4,

)./5� '7+'�� <./).� 97'381'9+8� 94� ./-.+7� )4898�� +85+)/'11>� ,47

)./58� :8/3-� 1+'*/3-@+*-+� 9+).3414->� </9.� ./-.� *+,+)9� *+38/@

9/+8�� $./8� +=97'� )./5� '7+'� '184� 7+57+8+398� 1489� 455479:3/9>

)489� ,47� 49.+7� ,+'9:7+8� 9.'9� )4:1*� (+� /3)1:*+*� /3� 9.'9� '7+'�

�='251+8� /3)1:*+� '3� 43@)./5� 2+247>� '3*� �� � )4397411+7�

-7'5./)8� )4397411+7�� 247+� /39+-+7� +=+):9/43� :3/98�� 2:19/2+*/'

85+)/'1� ,:3)9/43� :3/98�� ./-.+7@5+7,472'3)+� ,14'9/3-@54/39

)/7):/98�� '3*� 84� 43�

�349.+7� *7'<(')0� 4,� 43@)./5� )').+8� /8� 9.+/7� 1')0� 4,� 8)'1'(/1@

/9>�� 574;/*/3-� 2:19/51+� )').+� 8/?+8� 7+6:/7+8� ,'(7/)'9/3-� 2:19/@

51+� 5'798�� $4� 4;+7)42+� 9./8� 1/2/9'9/43� *+8/-3+78� )'3� '114<� ,47

459/43'1� 4,,@)./5� )').+8�� $.+� 4,,@)./5� )').+8� )'3� 7'3-+� /3

8/?+� '3*� 85++*� '3*� )'3� 574;/*+� ,1+=/(/1/9>� ,47� 8>89+2� *+8/-3@

+78� 1440/3-� 94� 2++9� */,,+7+39� 57/)+�5+7,472'3)+� ).4/)+8�

�4<@+3*� 8>89+28� 3++*� 349� /3)1:*+� 9.+� 4,,@)./5� )').+� '3*

)'3� (+� (:/19� ,47� '� 14<+7� )489�� �/-.@+3*� 8>89+28� )'3� -+9� '

5+7,472'3)+� (4489� (>� 5'>/3-� 9.+� +=97'� )489� 94� '**� '� 8+)43*@

'7>� 4,,@)./5� )').+�� �47� 2489� 8>89+28�� 9.+� )489� ,47� 9./8� ,1+=/@

(/1/9>� /8� '**+*� 5/3� )4:39� 94� '114<� ,47� )422:3/)'9/43� </9.

9.+� 4,,@)./5� )').+8��  9.+7� 8>89+28� 2/-.9� (+� '(1+� 94� 2:19/@

51+=� 9.+� )').+� 1/3+8� 4394� 842+� '17+'*>� +=/89/3-� (:8+8� 8:).

'8� 9.+� 2+247>� (:8�

�47� 9.+� !�� �
		���� <+� *+9+72/3+*� 9.'9� '� 57/2'7>� 43@)./5

)').+� <4:1*� )489� 944� 2:).� /3� 9+728� 4,� 247+� +=5+38/;+

9+).3414-/+8�� /3)7+'8+*� */+� 8/?+�� '3*� 9.+� 1489� 455479:3/9>� 4,

5:99/3-� 247+� ,:3)9/43'1/9>� 43� 9.+� )./5�� &/9.4:9� '� 57/2'7>

43@)./5� )').+�� <+� <+7+� '(1+� 94� *+8/-3� '� 574)+8847� </9.� 9<4

/39+-+7� :3/98�� '� ,:11� ,14'9/3-@54/39� :3/9� /3)1:*/3-� '� */;/*+� '3*

86:'7+� 7449� :3/9�� '3*� '� 2+247>� '3*� �� � )4397411+7�� &+

')./+;+*� 9./8� ,:3)9/43'1/9>� :8/3-� 431>� �	��			� ��$8� /3� 	��

2/)742+9+7� ��� #���� 9+).3414->� 43� '� */+� 2+'8:7/3-� 
�
� )2

(>� 
�
� )2� �8++� �/-�� ���� �� #��� /8� '� 2'9:7+� �!� 574)+88� 9.'9
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* RAM sizes are quoted in depth by width (i.e., 64K ×8 is 65,536 deep by 8 bits wide).
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Product features provided in the PA 7100LC are strongly connected to the
methodologies developed to synthesize, place and route, simulate, verify,
and test the processor chip.
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*In this usage architected state refers to a particular pattern of ones and zeros on internal chip
nodes.
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����� ���  ,/2.,),('� ',$*4$/� 1)� $� ��� ������� ���� '4,8(4��  6$6,&� &744(06� &$0� ).19� )41/� #��� 61� *4170'� ,0� 6+(� ,08(46(45� ,)� 6+(� 2$'� ,5� 016� '4,8(0

61� #��� 14� *4170'�� �14� (:$/2.(�� ,)� 6+(� 2$'� '4,8(4� '4,8(5� $� 10(�� 6+(� 2$'� 917.'� %(� '4,8(0� 61� 
�
#� �#����� 9+,&+� 917.'� &$75(� 56$6,&� &744(06� 61

).19�� ,08$.,'$6,0*� 6+(� ����� 6(56�� �14� ����� /($574(/(065�� 6+(� 2$'� ,5� '4,8(0� 61� �#� �*4170'�� 6+417*+� 6+(� %170'$4;� 5&$0� &,4&7,64;� $0'� 2$'

'4,8(4�

Boundary
Scan

Circuitry

Pad
DriverPad Data

Drive Clock

Scan In

Tristate
Enable

Boundary
Scan Drive

Boundary
Scan Data

Scan Out

Holder
Circuitry

Pull Up

Pull Down

Large
Driver
FETs

Small
Holder
FETs

Pad

Hold Up

Hold Down

VDL

Into
Chip

VDD

Output
Driver Input Receiver

VDD

Inverter

Inverter

61� 2418,'(� $'',6,10$.� '()(&6� &18(4$*(�� !+(� 2$4$..(.� 6(56� 5(<

37(0&(� ,5� 
������� 56$6(5� .10*�� $0'� �	� �%,65� 1)� 5&$0� 8(&6145

$4(� 75('� '74,0*� 5&$0� 6(56,0*�

!1� /((6� 174� 6(56� 37$.,6;� $0'� &156� *1$.5�� 9(� ,/2.(/(06('

691� 0(9� &+,2<6(56� 6(&+0,37(5� 6+$6� +$'� 016� %((0� 75('� 10

24(8,175� ��<�� �� ,/2.(/(06$6,105�� ����� 6(56,0*� $0'� 5$/2.(<

10<6+(<).;� 6(56,0*�

����� ���

�
��	����

����� 6(56,0*� ,5� $� 6(56� /(6+1'1.1*;� ,0� 9+,&+� 6+(� 24(5(0&(� 1)

'()(&65� ,5� '(6(&6('� %;� /($574,0*� '&� &744(06� 9+(0� 6+(� &+,2� ,5

+$.6('�� �10'()(&6,8(� )7..� ��� � *$6(5� '4$9� 56$6,&� &744(06

/$'(� 72� 1)� .($-$*(� &744(065� 6+$6� $4(� ,0� 6+(� 0�� 4$0*(�� �19<

(8(4�� '()(&6,8(� *$6(5� &$0� '4$9� &744(065� /$0;� 14'(45� 1)� /$*<

0,67'(� +,*+(4�� �)� $� &744(06� /($574(/(06� ,5� /$'(� 10� 6+(

219(4� 5722.;� '74,0*� $� 56$6,&� 56$6(�� $� *11'� &+,2� 9,..� '4$9

8(4;� .,66.(� &744(06� $0'� $� '()(&6,8(� &+,2� 9,..� '4$9� /7&+� /14(�

����� +$5� +,*+� 1%5(48$%,.,6;� $0'� '(6(&65� /$0;� ',))(4(06� 6;2(5

1)� '()(&65�� �6� 9$5� '(&,'('� ($4.;� ,0� 6+(� '(5,*0� 1)� 6+(� ��"� 6+$6

����� 6(56� &$2$%,.,6;� 917.'� %(� $� '(5,4$%.(� 6(56� )($674(�� ����

6(56� &$2$%,.,6;� 9$5� $.51� '(5,4$%.(� %(&$75(� ,6� 57%56$06,$..;

4('7&(5� 56$6,&� 219(4� &1057/26,10�

Design Rules. !1� 5722146� ����� 6(56,0*�� /156� 1)� 6+(� &,4&7,65

.(8(4$*('� )41/� 2$56� ��<�� �� ,/2.(/(06$6,105� 6+$6� '4(9� '&

&744(06� 9(4(� (.,/,0$6('�� �14� ($&+� &$5(� ,0� 9+,&+� 75,0*� $� &,4<

&7,6� 6+$6� '4(9� 56$6,&� &744(06� 9$5� 6+(� 10.;� 4($510$%.(� '(5,*0

51.76,10�� 6+(� &,4&7,64;� 9$5� 4('(5,*0('� 61� %(� ',5$%.('� 9,6+� $

6(56� 5,*0$.� '74,0*� ����� /($574(/(065�� �156� %.1&-5� &106$,0<

,0*� 25(7'1<��� � &,4&7,64;� 9(4(� 4('(5,*0('� 75,0*� 56$6,&

��� � &,4&7,64;�� �;0$/,&� &,4&7,65� 9(4(� /1',),('� 61� (.,/,0$6(

56$6,&� &744(06� $0'� 61� 4(6$,0� 56$6(� 9+,.(� 6+(� &+,2� ,5� +$.6('�� �1

��!� *$6(� ,5� $..19('� 61� %(� ,0� $� 5,67$6,10� 9+(4(� ,6� &17.'� ).1$6

,)� 6+(� &.1&-5� $4(� +$.6('� %(&$75(� 6+,5� &17.'� 2155,%.;� &$75(� 6+(

��!� 61� 6740� 10�� �06(40$.� 27..725� 10� ,0276� 2,05� $4(� ',5$%.('

'74,0*� ����� /($574(/(065�� ,0&.7',0*� 6+(� ����� ������� 6(56

2,05�� �1� '4,8(� ),*+65� $4(� $..19('� ,0� $� 56$6,&� 56$6(�� �..� 01'(5

/$-(� $� )7..� 64$05,6,10� 61� $� 5722.;� 4$,.�� 9+,&+� ,5� $&&1/2.,5+('

6+417*+� 6+(� 75(� 1)� 4(5614$6,8(� 56$6,&� )(('%$&-� 9+(0� )7..

��� � 64$05)(4� *$6(5� $4(� 016� 75('� ,0� .$6&+(5� $0'� /7.6,2.(:<

(45�� �0;� %75� 6+$6� &17.'� %(� &1/2.(6(.;� 64,56$6('� ,0� $0;� 56$6(

75(5� $� %75� +1.'(4� &,4&7,6� 61� /$,06$,0� 2412(4� .(8(.5�

Special Considerations. !+(� ).1$6,0*<21,06� ��"�� 9+,&+� 9$5

.(8(4$*('� )41/� 6+(� ��� ����� 241&(5514�� '4(9� 56$6,&� &744(06

$0'� 4('(5,*0,0*� ,6� 9$5� 016� )($5,%.(� *,8(0� 174� 5&+('7.(� &10<

564$,065�� �19(8(4�� ,6� ,5� 2155,%.(� 61� (.,/,0$6(� 6+(� 56$6,&� &744(06

'74,0*� ����� /($574(/(065� ,)� 6+(� ��"� ,5� 016� (8$.7$6,0*� '74<

,0*� 6+(� /($574(/(06��  ,0&(� ����� 6(56,0*� 9$5� 016� *1,0*� 61� %(

75('� 61� 6(56� 6+(� ��"�� 6+,5� 9$5� $&&(26$%.(�� ����� 6(56,0*� '74<

,0*� 2$4$..(.� 8(&6145� ,5� 56,..� 2155,%.(�� %76� ,)� $� ).1$6,0*<21,06

12(4$6,10� 1&&745� 6+$6� 75(5� 6+(� ��"�� 6+(� ��"� .15(5� ,65� ,06(40$.

56$6(� ,)� ����� 6(56� /1'(� ,5� (0$%.('� '74,0*� 6+(� 6(56�

�016+(4� $4($� 1)� &105,'(4$6,10� )14� ����� ,081.8('� 6+(� ���� %,6

5.,&(5�� !+(� ��"� 75(5� 691� 219(4� 5722.,(5�� #��� $0'� #���

9+,&+� $4(� 01/,0$..;� $6� �#� $0'� 
�
#� 4(52(&6,8(.;�� #��� 572<

2.,(5� $..� 1)� 6+(� ,06(40$.� &+,2� .1*,&�� 9+,.(� #��� ,5� 6+(� 5722.;

)14� 6+(� 176276� '4,8(4� 27..72� ��!5�� !+(� ,0276� 4(&(,8(45� 10� 6+(

��"� 014/$..;� '4$9� 56$6,&� &744(06� 9+(0� $0� 176276� '4,8(4� ,5

10� 6+$6� '4,8(5� 61� #���� �0� $'',6,10�� $� &,4&7,6� 61� +1.'� 6+(� &74<

4(06� 8$.7(� 10� 6+(� 2$'� &$0� '4$9� 56$6,&� &744(06� ,)� 6+(� 2$'� ,5

016� '4,8(0� 61� #��� 14� *4170'�� !+(4()14(�� 9+(0� ����� /($<

574(/(065� $4(� 6$-(0�� 6+(� 176276� '4,8(45� $4(� '4,8(0� 61� *4170'

6+417*+� 6+(� 75(� 1)� 6+(� %170'$4;� 5&$0� &,4&7,64;� 61� (.,/,0$6(

56$6,&� &744(06� ).19� ,0� 6+(� 4(&(,8(4� $0'� 2$'� +1.'(4� &,4&7,65

�5((� �,*�� ���� !+(� 2$4$..(.� 6(56(4� '4,8(5� ,0276<10.;� 2,05� 61� #��

14� *4170'� $5� $224124,$6(�� ,0&.7',0*� 6+(� ����� ������� ,06(4)$&(

2,05�� !+(� $0$.1*� ,02765� 1)� 6+(� &.1&-� %7))(45� $4(� $.51� '4,8(0

61� $224124,$6(� 8$.7(5� 61� 24(8(06� 56$6,&� &744(06�

!+(5(� 47.(5� 9(4(� ($5;� 61� $'+(4(� 61� $0'� )1..19('� 174� 4$6,1<

0$.(� 61� ,0&4($5(� 6(56� &$2$%,.,6;� 9,6+� .,66.(� '(5,*0� ,/2$&6�� ����

&1/2.,$0&(� 9$5� 8(4,),('� %;� 4700,0*� )70&6,10$.� 5,/7.$6,10

&$5(5� 6+417*+� $0� ��� 24124,(614;� ��!<.(8(.� 59,6&+� 5,/7.$614

9+,&+� $.51� +$5� 6+(� $%,.,6;� 61� &+(&-� )14� 56$6,&� &744(06
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����� ��� ����� .'#463'.'/5� 4'561�

Parametric Measurement
Unit (Supplies and Measures

Low Static Current)

Device Power Supply
(Supplies High Dynamic

Current)

Chip VDD Bypass
Capacitors

Bypass
Capacitors

Test Fixture VDD Ring
HP 82000 Test Fixture

HP 82000 Test System

Several AmpsMicroamps

= Relay Controlled by Tester

R R

R R

R

R

Chip
Under
Test

7+0-#5+0/4�� �'%#64'� 0(� %#3'(6-� #55'/5+0/� 50� 5*'� &'4+)/� )6+&'<

-+/'4�� 0/-:� 4+9� ����� 7+0-#5+0/4� 8'3'� &+4%07'3'&� 8*'/� 5*'

4+.6-#5+0/4� 8'3'� 36/�� #--� 0(� 8*+%*� 8'3'� '#4+-:� 3'40-7'&�

���
� 	�
��������

����� .'#463'.'/54� #3'� 5#,'/� 64+/)� #� 1#3#.'53+%� .'#463'<

.'/5� 6/+5� 0/� 5*'� ��� �	���� 5'45'3� �4''� �+)�� ���� "*'/� #� .'#<

463'.'/5� +4� 50� $'� 5#,'/�� #� 7'%503� 4'26'/%'� +4� 36/� 50� 1-#%'

5*'� &'7+%'� 6/&'3� 5'45� �� ��� +/50� #� 45#5+%� 45#5'�� �(5'3� 5*'� &:<

/#.+%� %633'/5� 53#/4+'/54� *#7'� 4'55-'&�� 5*'� .'#463'.'/5� 6/+5

+4� %0//'%5'&� 50� 5*'� %*+1� 108'3� 1-#/'� 8+5*� #� 3'-#:�� #/&� 5*'

3')6-#3� !��� 4611-:� +4� 5*'/� 48+5%*'&� 065� 8+5*� 3'-#:4�� �*'

1#3#.'53+%� .'#463'.'/5� 6/+5� 5*'/� 4611-+'4� #/&� .'#463'4

5*'� %633'/5� (-08+/)� +/50� 5*'� � ��� �*'� 108'3� 1-#/'� (03� 5*'

� �� +4� 4'1#3#5'&� (30.� 5*'� 5'45� (+9563'� 108'3� 1-#/'� $:� 3'-#:4

%0//'%5'&� $'58''/� 5*'� %*+1� #/&� 5*'� 5'45� (+9563'�� �:1#44

%#1#%+5034� 50� %0/530-� 4611-:� /0+4'� #3'� 1-#%'&� 0/� !��� 0/� 5*'

108'3� 4611-:� 4+&'� 0(� 5*'� 3'-#:4�� �*+4� +4� +.1035#/5� $'%#64'

-'#,#)'� %633'/54� +/� -#3)'� '-'%530-:5+%� %#1#%+5034� %#/� $'� 5'/4

0(� .+%30#.14�� 8*+%*� 806-&� %0.130.+4'� 5*'� #%%63#%:� 0(� 5*'

.'#463'.'/5�

�:1+%#-� .'#463'.'/54� #3'� +/� 5*'� 3#/)'� 0(� �� ���� �*'� ����
%633'/5� +4� &0.+/#5'&� $:� 3'7'34'� $+#4� -'#,#)'� %633'/5� #/&

46$5*3'4*0-&� -'#,#)'�� �'#463'.'/54� #3'� 5#,'/� &63+/)� 8#('3

#/&� 1#%,#)'� 5'45�� #/&� (063� .'#463'.'/54� #3'� .#&'�� �063

1#3#--'-� 7'%5034� #3'� 64'&�� 8*+%*� +/+5+#-+;'� 5*'� 3')+45'34�� %#%*'�

����� #/&� 05*'3� 45#5'� -0)+%� 50� ;'304� 03� 0/'4� #/&� 580� 1#55'3/4

0(� #-5'3/#5+/)� 0/'4� #/&� ;'304� �50� %*'%,� (03� $3+&)+/)� (#6-54��

�*+4� 1307+&'4� #� )3'#5� &'#-� 0(� &'('%5� %07'3#)'� 8*+-'� +/%633+/)

.+/+.#-� 5'45� 07'3*'#&�

����� 5'45+/)� 8#4� 7'3:� '(('%5+7'� #5� %#5%*+/)� &'('%54� 0/� 5*'� ��


������� �'46-54� +/&+%#5'� 5*#5� ���� 0(� 4%#/� 5'45� (#+-63'4� #/&


��� 0(� 1#3#--'-� (#+-63'4� #3'� %#6)*5� $:� ����� 5'45+/)�� �/� #&&+<

5+0/�� 05*'3� 5:1'4� 0(� &'('%54� #3'� %#6)*5� 5*#5� .+)*5� /05� $'

%#6)*5� $:� %0/7'/5+0/#-� 70-5#)'<-'7'-� 5'45+/)�� -+,'� )#5'� 09+&'

4*0354� #/&� 40.'� 5:1'4� 0(� $3+&)+/)� (#6-54�� �*'4'� %#/� -'#&� 50

3'-+#$+-+5:� 130$-'.4� 07'3� 5*'� -+('� 0(� 5*'� 130&6%5�� 40� +5� +4� +.<

1035#/5� 50� %#5%*� 5*'.� #5� 5*'� %*+1� 5'45� 45#)'�

"'� 1-#/� 50� &0� .03'� &+3'%5'&� ����� 5'45+/)� 0/� (6563'� %*+14�

64+/)� 4%#/� 5'45+/)� #/&� 1#3#--'-� 5'45+/)� 50� 4'5� 61� #/&� .'#463'

%633'/5� (03� 41'%+(+%� %*+1� 45#5'4� +/&+%#5'&� $:� #650.#5+%� 5'45

)'/'3#5+0/� 500-4�� �*+4� 4*06-&� +.1307'� 5*'� -'7'-� 0(� %07'3#)'

8'� )'5� (03� ����� 5'454�� �08'7'3�� 0/'� 130$-'.� 5*#5� .#:� 0%%63

+4� 5*#5� 0((<���� -'#,#)'� 8+--� +/%3'#4'� +/� 5*'� '((035� 50� +.1307'

���� 1'3(03.#/%'� +/� (6563'� ��� 130%'44'4�� �*+4� *#4� #� &+3'%5

'(('%5� 0/� 5*'� #$+-+5:� 0(� ����� 5'%*/+26'4� 50� 3'40-7'� -08� %63<

3'/5� &'('%54�� �&&+5+0/#-� 5'%*/+26'4� -+,'� 108'3� 4611-:� 1#35+<

5+0/+/)� .#:� $'� /'%'44#3:� 50� .#,'� ����� 64#$-'� 8+5*� .03'

#&7#/%'&� ��� 130%'44'4�

�
���������������� �������

�/� +/5'3'45+/)� /'8� ('#563'� 5*#5� +4� +.1-'.'/5'&� 0/� 5*'� �� 

'/#$-'4� 4%#/� 3')+45'34� 50� %#1563'� 5*'� +/5'3/#-� 45#5'� 0(� 5*'

%*+1� 8*+-'� 5*'� %*+1� +4� 01'3#5+/)� #5� 41''&� +/� #� /03.#-� 4:45'.�

"'� 3'('3� 50� 5*+4� %#1#$+-+5:� #4� 4#.1-'<0/<5*'<(-:� 5'45+/)�� �*'

4#.1-'� +4� /0/&'4536%5+7'�� #/&� 5*'� &#5#� %#/� $'� #%%'44'&

8*+-'� 5*'� %*+1� %0/5+/6'4� 50� '9'%65'� %0&'� $:� 4%#//+/)� 5*'

3'46-54� 065� 64+/)� 5*'� 0/<%*+1� ����� ������<%0.1#5+$-'� 5'45

#%%'44� 1035� ������� �*+4� ('#563'� 8#4� 7'3:� 64'(6-� (03� &'$6))+/)

#/&� %*#3#%5'3+;+/)� 4:45'.<-'7'-� 1'3(03.#/%'� $'%#64'� +5� +4

'44'/5+#--:� #� -0)+%� #/#-:;'3� $6+-5� &+3'%5-:� +/50� 5*'� %*+1� 8*+%*

#--084� #%%'44� 50� 07'3� ����� +/5'3/#-� 45#5'� 7#-6'4�� �#.1-'4� %#/

$'� 5#,'/� 8+5*� #/:� ����� ������<%0.1#5+$-'� 5'45� %0/530--'3� #/&

#113013+#5'� 40(58#3'�

Internal Sampling. �*'� +/5'3/#-� 4#.1-+/)� %#1#$+-+5:� #--084� #
4#.1-'� 50� 0%%63� 8*'/� 5*'� #3%*+5'%5'&� ��<����� +/5'37#-� 5+.'3

3'#%*'4� #� %06/5� 5*#5� .#5%*'4� #� 13'4'5� 7#-6'� +/� #� 3')+45'3� #/&

5*'� ���� %+3%6+53:� +4� +/� #� 41'%+(+%� 45#5'�� �/� 5*'� ��� 
������ 5*'

+/5'37#-� 5+.'3� 0/� 5*'� %*+1� +4� #� 
	<$+5� 3')+45'3� 5*#5� +/%3'.'/54

$:� 0/'� (03� '7'3:� %-0%,� %:%-'� 5*#5� 0%%634� 0/� 5*'� %*+1�� �/

#&&+5+0/#-� 
	<$+5� 3')+45'3� 1307+&'4� #� 7#-6'� 50� %0.1#3'� 8+5*

5*'� 7#-6'� +/� 5*'� +/5'37#-� 5+.'3� 3')+45'3�� �*+4� 7#-6'� %#/� $'� 4'5

$:� &0+/)� #� ��<����� mtctl� �.07'� 50� %0/530-� 3')+45'3�† � +/4536%<
5+0/�� "*'/� 5*'� +/5'37#-� 5+.'3� 7#-6'� .#5%*'4� 5*'� 7#-6'� 4'5� $:

5*'� mtctl� +/4536%5+0/�� #� %0.1#3#503� %+3%6+5� )'/'3#5'4� #� 4+)/#-
8*+%*� +4� /03.#--:� 4'/5� 50� 5*'� %0/530-� -0)+%� 50� %#64'� #/� +/5'3<

7#-� 5+.'3� +/5'33615� 50� 0%%63�� �*+4� 4+)/#-� +4� #-40� 4'/5� 50� 5*'

���� +/� 5*+4� +.1-'.'/5#5+0/�� �(� 5*'� %633'/5� ���� +/4536%5+0/� +4

ISAMPLE�� 5*'� 45#5'� 0(� 5*'� %*+1� +4� 4#.1-'&� +/50� '#%*� 4%#/� 3')<
+45'3� 0/� 5*'� (0--08+/)� %*+1� 45#5'� $:� #--08+/)� '#%*� 4%#/� 3')+4<

5'3� 50� 61&#5'� &63+/)� 5*'� 1*#4'� 8*'/� 5*'� (6/%5+0/#-� -#5%*� +4

/05� $'+/)� 61&#5'&�� �/� +/&+%#5+0/� 5*#5� #� 4#.1-'� *#4� 0%%633'&

+4� 4'/5� (30.� 0/'� 0(� 5*'� 5'45� 1+/4� 8*'/� 5*'� 4#.1-'� +4� 5#,'/�

�*'� 1+/� %#/� $'� .0/+503'&� $:� #/� '95'3/#-� ����� ������<%0.<

1#5+$-'� %0/530--'3� 4:45'.� 50� &'5'3.+/'� 8*'/� &#5#� %#/� $'

4*+(5'&� 065� 0(� 5*'� %*+1�� �*'� 4*+(5+/)� 0(� 5*'� 4#.1-'&� &#5#

&0'4� /05� %033615� 5*'� 45#5'� 0(� 5*'� +/5'3/#-� -0)+%�

† This instruction moves data to a control register. In this instance it is moving data to the
timer comparison register.
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Find the failing code sequence in the system
through shmooing or functional tests.

Insert mtctl instruction into the failing code
sequence to cause interval timer to time out at a

particular clock cycle.

Arm trigger in the test circuitry through the test
access port (TAP) interface.

Run the modified code sequence, causing the
interval timer to trigger the test access port 

to take a one-state snapshot of the chip logic.

Scan the sampled values out of the TAP pins
serially while the chip continues to run

uninterrupted.

Compare the snapshot taken above to values
from the simulation or from a known good snap-
shot taken at the same point with another chip.

Debug the failure to the failing circuit by
examining the differences between the known

good sample and the sample just taken.

Sample
subsequent

state.

Do
the results

differ?

Yes

No

�,� '349.+7� 8'251+� /8� *+8/7+*�� 9.+� '(4;+� 574)+*:7+� /8� 8/251>

7+5+'9+*�� �/-�� 
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)'7+,:1� +1+)97/)'1� '3*� 9/2/3-� *+8/-3�� /9� .'8� 574;+3� 94� (+� ;+7>

+,,+)9/;+� ,47� *+(:--/3-�� �9� <'8� ;/9'1� '9� 8>89+2� ,7+6:+3)/+8

'5574')./3-� ���� ��?�� 8/3)+� 4:7� 97'*/9/43'1� +=9+73'1� *+(:-@

-/3-� .'7*<'7+� <'8� :3'(1+� 94� ,:3)9/43� '9� 9./8� ,7+6:+3)>� (+@

)':8+� 4,� +1+)97/)'1� )43897'/398�� !'251+@43@9.+@,1>� 9+89/3-� (+@

)'2+� 4:7� 431>� *+(:--/3-� 9441� /3� 8>89+28� </9.

./-.@,7+6:+3)>� )7/9/)'1� 5'9.8�� �9� <'8� :8+*� 8+;+7'1� *4?+3

9/2+8� /3� ./-.@85++*� ).'7')9+7/?'9/43� '3*� 1+*� 94� 9.+� 7+841:@

9/43� 4,� 8+;+7'1� 814<� 9/2/3-� 5'9.8�� �9� /8� )1+'7� 9.'9� '8� ��#� ,7+@

6:+3)/+8� /3)7+'8+�� 247+� *+(:--/3-� )/7):/97>� </11� 3++*� 94� (+

/3)1:*+*� */7+)91>� 43� 9.+� )./5� 94� '88/89� /3� */'-348/3-� ,:3)9/43@
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������ 	�
�
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• �39+73'1� /3897:)9/43� '3*� *'9'� (:8+8

• ��#� 94� 2+247>� '3*� ���� )4397411+7� /39+7,')+
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'<'>� *+(:-� *'9'� *:7/3-� 89'9+8� <.+3� 9.+� ���� (:8� /8� :3';'/1@
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'� 8:,,/)/+39� '24:39� 4,� 89'9+� /3,472'9/43� 43� '� 1'7-+� +34:-.
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����������
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".+� 2+9.4*414-/+8� :8+*� 94� 8>39.+8/?+�� 51')+� '3*� 74:9+�� 8/2@

:1'9+�� ;+7/,>�� '3*� 9+89� 9.+� ��� ������� 574)+8847� <+7+� )7:)/'1

94� 9.+� 574)+8847�8� 8:))+88�
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HP-UX is based on and is compatible with Novell’s UNIX  operating system. It also complies
with X/Open’s* XPG4, POSIX 1003.1, 1003.2, FIPS 151-1, and SVID2 interface specifications.

UNIX is a registered trademark in the United States and other countries, licensed exclusively
through X/Open Company Limited.

X/Open is a trademark of X/Open Company Limited in the UK and other countries.
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The heart of the I/O subsystem for the HP 9000 Model 712 workstation is
a custom VLSI chip that is optimized to minimize the manufacturing cost
of the system while maintaining functional compatibility and comparable
performance with existing members of the Series 700 family.
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)6,� 3--8;� <:)+3� 7.� 8):1<A� 16.7:5)<176� .7:� 7<0-:� 16<-:6)4
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����� ��� �
��� !&'-�  ),!(� "'�%/�*�

Clock Generator
and Reset
Controller

Audio
and Telephone

Interface

Parallel Port

LAN Megacell

SCSI Megacell

Miscellaneous
Register

EPROM
Interface

Flexible Disk
Interface

Real-Time
Clock

PS/2 Keyboard
and Mouse
Controller

RS-232

Interrupt
Controller

General
System Connect

(GSC)

Phase-Locked
Loop Clock
Generator

Arbitration

Audio
Circuit

Telephony
Card

(Optional)

Flexible
Disk

Controller

Flash
EPROM

CPU
and

Graphics

LASI

GSC Bus

(1) System Support Blocks
(2) General I/O Functions
(3) Blocks Capable of Initiating

Transactions on the GSC Bus.

(1)

(1)(1)

(1) (1,3)

(3) (2)

(3) (2)

(2,3) (1)

(2,3) (2,3)

(1) (2)

 ),!(0�� /#*,3'+%� 1&#� �00,!'�1#"� !,*-)#5'16� $/,*� 1&#0#� !,+7

1/,))#/0�� �,1&� *�01#/� �+"� 0)�3#� "#3'!#0� /#0'"#� ,+� 1&#� �
��

'+1#/+�)�  20�

�
��� '0� �� 0)�3#� 4&#+#3#/� 1&#� ���� '+'1'�1#0� "�1�� 1/�+0$#/�� 
0� �

0)�3#�� �
��� 02--,/10� ,+)6� 02 4,/"� �+"� 4,/"� 4/'1#�� �+"� 02 7

4,/"�� 4,/"�� �+"� ",2 )#74,/"� /#�"0��� �+1#/+�)� 0)�3#� "#3'!#0

,+)6� +##"� 1,� 02--,/1� �� 02 0#1� ,$� 1&#0#� 1/�+0�!1',+0�� �&#/#

�/#� $'3#� "'$$#/#+1� -/,1,!,)�  #&�3',/0� $,/� 0)�3#� "#3'!#0� '+

�
���� 2+-�!#"�  61#� 4'"#�� -�!#"�  61#� 4'"#�� -�!(#"�  61#

4'"#�� 2+-�!#"� 4,/"� 4'"#�� �+"� -�!#"� 4,/"� 4'"#�

�+-�!#"� "#3'!#0�� 02!&� �0� 1&#� /#�)71'*#� !),!(�� ",+�1� 20#� �

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

3#/6� 0'*-)#�� �&#+� �� "#3'!#� /#.2'/#0� �� 3�/'� )#� )#+%1&� ,$

1'*#� 1,� 1/�+0$#/� "�1�� '1� '0� !�))#"� -�!#"�� �&#� ����� '+1#/$�!#� '0

�+� #5�*-)#� ,$� �� -�!#"� "#3'!#�� 
� -�!(#"� "#3'!#� '0� ,+#� 1&�1

0#+"0� �� 0#.2#+!#� ,$�  61#0� 1,� *�(#� 2-� �� 4,/"� ,/� ",2 )#

4,/"�� �&#�  ,,1� ���� '+1#/$�!#� '0� �+� #5�*-)#� ,$� �� -�!(#"

"#3'!#�

* In PA-RISC a subword is typically one byte, a word is 32 bits, a double word is 64 bits, and
a quad word is 128 bits.


� 0'*-)#� 01/, #� 0'%+�)� '0� �00#/1#"� 4&')#� '+1#/+�)� "�1�� �+"

�""/#00�  20#0� �/#� 3�)'"�� �+1#/+�)� "#3'!#0� &�3#� +,� "'/#!1� '+7

1#/�!1',+� 4'1&�  20� #//,/0�


0� ��  20� *�01#/�� �
��� '0� !�-� )#� ,$� '+'1'�1'+%� 02 4,/"�� 4,/"�

",2 )#74,/"�� �+"� .2�"74,/"� 1/�+0�!1',+0� ,+� 1&#� ����  20�

�+!#� ,+#� ,$� �
���0� '+1#/+�)�  20� *�01#/0� ,4+0� 1&#�  20�� '1� !�+

0'%+'$6� 1&#� 01�/1� ,$� �� 1/�+0�!1',+�  6� �00#/1'+%� 1&#� master_valid
0'%+�)� �0##� �'%�� 	��� �&#� "#3'!#� *201� 1&#+� 0'*2)1�+#,20)6

"/'3#� '10� ��
� �""/#00� �master_address��� 1/�+0�!1',+� 16-#�� �+"
 61#� #+� )#0� ,+1,� 1&#�  20�� �+� �� /#�"�� 1&#� $'/01� �3�')� )#� "�1�

4,/"� 4'))� �--#�/� ,+� 1&#� '+1#/+�)�  20� 4&#+� 1&#� master_ac-
knowledge � 0'%+�)� '0� �00#/1#"�  6� 1&#� ���� '+1#/$�!#�� �&#� ���
'+1#/$�!#� 4'))� +,1� �!!#-1� �+,1&#/� master_valid � 2+1')� �))� 1&#� /#�"
"�1�� &�0�  ##+� 1/�+0$#//#"�

�$� �� 1'*#,21� #//,/�� �""/#00� -�/'16� #//,/�� ,/� "�1�� -�/'16� #//,/� '0

#+!,2+1#/#"� ,+� 1&#� ����  20�� 1&#� ���� '+1#/$�!#� 4'))� �)4�60

",� �� +,/*�)� &�+"0&�(#� $,/� 1&#� 1/�+0�!1',+�  6� �00#/1'+%� 1&#

master_acknowledge � 0'%+�)�� �&#� 1/�+0�!1',+� 4'))� !,*-)#1#� �0
202�)� #5!#-1� 1&�1� �+� #//,/� '0� ),%%#"�� "'0� )'+%� �/ '1/�1',+� $,/

1&#� "#3'!#� 0,� '1� !�++,1�  #� ��  20� *�01#/� �%�'+�� �&'0� *#�+0
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����� ��� ����� "(++.,(�*�

RS-232

Intel 82C596 LAN
Coprocessor

Audio
Interface

LAN
Interface

PS/2

PS/2

External
8-Bit Bus
Controller

Parallel
Port

Clock
Buffer

NCR 53C710
SCSI Controller GSC

InterfacePhase-Locked
Loop Clock
Generator

Phase-Locked
Loop Clock
Generator

Real-
Time
Clock

SCSI
Interface

Arbitration

Interrupt
Controller

0$�0� %*0!.*�(� )�/0!./�� �0� 0$!� $�. 3�.!� (!2!(�� *!2!.� *!! � 0+

.!/,+* �  %.!�0(5� 0+� �1/� !..+./�� �$!*� 0$!� ��
� %*0!."��!� �(+�'

/!!/� �� 0%)!+10� !..+.� %0� 3%((�� ".+)� 0$!� ,!./,!�0%2!� +"� %0/� %*0!.7

*�(� �1/� �(+�'/�� �+),(!0!� �� 0.�*/��0%+*� *+.)�((5�� �*� 0$%/� 3�5

0$!� ��
�/� !..+.� /%#*�(%*#� )!�$�*%/)� ��*� �+..!�0(5� 0!.)%*�0!

�*� !..�*0� 0.�*/��0%+*� 3%0$+10� �  %*#� �+),(!4%05� 0+� �����/

%*0!.*�(� �(+�'/�

��.%05� %/� #!*!.�0! � %*� 0$!� ��
� %*0!."��!� 3$!*!2!.� ����

/+1.�!/�  �0�� +.� �*� �  .!//� +*� 0$!� �1/�� ��.%05� %/� �$!�'! 

3$!*!2!.� ����� %/� ��  �0�� /%*'�� �����  +!/� *+0� .!/,+* � 0+

�  .!//� ,�.%05� !..+./� +*� 0$!� ��
� �1/�� 3$%�$� .!/1(0� %*� �

0%)!+10� !..+.�

Arbitration. ����� �+*0�%*/� /%4�  %""!.!*0� �(+�'/� ��,��(!� +"� %*%0%7
�0%*#� �� 0.�*/��0%+*� +*� 0$!� ��
� �1/� �/!!� �%#�� 	��� �+� %*%0%�0!� �

0.�*/��0%+*�� �� �(+�'� )1/0� "%./0� +3*� �+.� #�%*� �+*0.+(� +"�� 0$!

��
� �1/�� �!�% %*#� 3$%�$� ,+0!*0%�(� )�/0!.� +3*/� 0$!� �1/� %/

0$!� &+�� +"� �����/� �.�%0.�0%+*� �(+�'�� �$!� �.�%0.�0%+*� �%.�1%0� %*

����� ,.+2% !/� %*0!.*�(� �1/� �.�%0.�0%+*� "+.� �((� /%4� %*0!.*�(�  !7

2%�!/� �* � ,.+2% !/� !40!.*�(� ��
� �.�%0.�0%+*� /%#*�(/� "+.� 0$!


��� �* � �*� !4,�*/%+*� /(+0�� �$%/� ��,��%(%05� �((+3/� ����� 0+

"1*�0%+*� �/� 0$!� �!*0.�(� �.�%0!.� "+.� 0$!� ��
� �1/� %*� (+37!* 

/5/0!)/�� �$!� �.�%0.�0%+*� �%.�1%0� ��*� �(/+� �!� ,%*7,.+#.�))! 

�0� .!/!0� 0+� �!$�2!� �/� �� /!�+* �.5� �.�%0.�0%+*�  !2%�!� 0$�0� %/

����� ��� ��/0!.� .!� � 0%)%*#�  %�#.�)�

Clock

master_ address

master_valid

master_acknowlege

master_data D0 D1 D2

�+*0.+((! � �5� �*+0$!.� �.�%0!.�� �$%/� "!�01.!� �((+3/� ����� 0+� �!

1/! � %*� (�.#!.� /5/0!)/� 0$�0� ,.+2% !� 0$!%.� +3*� �.�%0.�0%+*

�%.�1%0�� �� /!�+* � ����� ��*� �(/+� �!� 1/! � "+.� ���� !4,�*/%+*

%*� (+37!* � /5/0!)/� %*� 3$%�$� 0$!� "%./0� ����� %/� ,.+2% %*#� 0$!

�!*0.�(� �.�%0.�0%+*�� �1,,+.0� "+.� )1(0%,(!� �����/� +*� 0$!� /�)!

��
� �1/� )�'!/� 0$!� /,!! 5�  !2!(+,)!*0� +"� )1(0%"1*�0%+*

���� !4,�*/%+*� �+�. /� �� .!(�0%2!(5� /%),(!� 0�/'�

�$!� �����  !/%#*� 3�/� /%),(%"%! � �5� .!-1%.%*#� 0$�0� 0$!� ����

�.�%0.�0%+*� �%.�1%0� #�%*� �+*0.+(� +"� 0$!� ��
� �1/� �!"+.!� #.�*0%*#

0$!� %*0!.*�(� �1/� 0+� ,+0!*0%�(� �1/� )�/0!./�� �$%/� /�2! � �� /%#*%"%7

��*0� �)+1*0� +"� �+),(!4%05� %*� 0$!� ��
� %*0!."��!� �(+�'� �/� 3!((

�/� #.!�0(5� .! 1�%*#� 0$!� *1)�!.� +"� ��/!/� 0$�0� *!! ! � 0+� �!

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

�.!�0!� �� �+1,(!� +"� 3�/0! � ��
� �5�(!/� "+.� !��$� 0.�*/��0%+*

%*%0%�0! � �5� ������ �+3!2!.�� 0$%/� %*!""%�%!*�5� $�/� �� *!#(%#%�(!

%),��0� +*� /5/0!)� ,!."+.)�*�!�

�$!� ����� �.�%0.�0%+*� �%.�1%0� ,.+2% !/� �� /%),(!� .+1* 7.+�%*

/�$!)!� 0$�0� ,.+2% !/� .+1#$(5� !-1�(� ���!//� 0+� �((�  !2%�!/�

�$!� �.�%0.�0%+*� �%.�1%0.5� '!!,/� 0.��'� +"� 0$!� % !*0%05� +"� 0$!� (�/0

 !2%�!� #.�*0! � 0$!� �1/� �* � �((� �1..!*0(5� +10/0�* %*#� .!7

-1!/0/�� ��� /%),(!� 0.10$� 0��(!� )�'!/� /1.!� 0$!� ��
� .!/+1.�!� %/

$�* ! � +10� "�%.(5��� �"� *+�  !2%�!/� �.!� .!-1!/0%*#� 0$!� �1/�� ����

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

,+/%0%2!� %),��0� +*� ,!."+.)�*�!�� #%2!*� 0$�0� 0$!� 
��� %/� 0$!

)+/0� (%'!(5�  !2%�!� 0+� %*%0%�0!� 0$!� *!40� 0.�*/��0%+*�� �$%/� �.7

�%0.�0%+*� /�$!)!� $!(,/� /%),(%"5� 0$!� �.�%0.�0%+*� �%.�1%0� �5� *+0

.!-1%.%*#� %0� 0+� )+*%0+.� �1/� ��0%2%05�� ���$� �1/� )�/0!.� %/� .!7

/,+*/%�(!� "+.� �!%*#� 63!((7�!$�2! �� 3%0$� .!/,!�0� 0+� �1/� 1/!�

�$!� �.�%0.�0%+*� �%.�1%0� ,(�5/� �� '!5� .+(!� %*� 0$!� !..+.� $�* (%*#

/0.�0!#5� "+.� ������ �"� �*� !..+.� +��1./� +*� 0$!� ��
� �1/� 3$%(!

����� %/� 0$!� �1/� )�/0!.�� 0$!� �.�%0.�0%+*� �%.�1%0� 3%((� *+0� #.�*0

0$!� �1/� 0+� �  %0%+*�(� %*0!.*�(�  !2%�!/� 1*0%(� 0$!� 
��� �(!�./� 0$!

!..+.� �5� �(!�.%*#� �� �%0� %*� 0$!� �.�%0.�0%+*� �%.�1%0�� �$%/� /%),(%7

"%!/� 0$!�  !/%#*� +"� +0$!.�  !2%�!/� 3%0$%*� ����� �5� *+0� .!-1%.%*#
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;0-4� ;6� <:-� ;0-� -9969� :1/5)3� ):� )5� 157<;� ;6� ;0-19� :;);-� 4)B

+015-:�� (0-5� )5� -9969� 1:� ,-;-+;-,�� ;0-� ;9)5:)+;165� >133� ;-941B

5);-� 5694)33@�� *<;� 56� ),,1;165)3� ;9)5:)+;165:� >133� *-� )336>-,

<5;13� ;0-� :1;<);165� 1:� 9-+;1.1-,� *@� :6.;>)9-�

Interrupt Controller. �� ;6;)3� 6.� 	�� ,1..-9-5;� 15;-99<7;� :6<9+-:
-?1:;� 65� ;0-� ��$�� +017�� �)+0� 15;-99<7;� :6<9+-� ,91=-:� )� :15/3-

:1/5)3� ;6� ;0-� 15;-99<7;� +65;9633-9� *36+2�� (0-5� ;0-� 15;-99<7;

:1/5)3� 1:� )::-9;-,�� ;0-� 15;-99<7;� +65;9633-9� *36+2� >133� 4):;-9

;0-� *<:� )5,� 1::<-� )� >69,� >91;-� ;6� ;0-� ��!� -?;-95)3� 15;-99<7;

9-/1:;-9� �IO_EIR��� >01+0� 1:� 70@:1+)33@� 36+);-,� 15� ;0-� �"&�� %0-
,);)� ;9)5:.-99-,� ;6� ;0-� IO_EIR� +65;)15:� )� =)3<-� ;0);� 15,1+);-:
;0-� :6<9+-� 6.� ;0-� 15;-99<7;�� %0-� ),,9-::� 6.� ;0-� IO_EIR� )5,� ;0-
15;-99<7;� :6<9+-� =)3<-� +)5� *-� 796/9)44-,� *@� >91;15/� ;6� ;0-

15;-99<7;� ),,9-::� 9-/1:;-9� 36+);-,� 15� ��$��:� 15;-99<7;� +65;963B

3-9� *36+2�� �5,1=1,<)3� 15;-99<7;� :6<9+-:� +)5� *-� 4):2-,� *@

:-;;15/� *1;:� 15� ;0-� 15;-99<7;� 4):2� 9-/1:;-9�

��$��:� 15;-99<7;� +65;9633-9� 1:� ,-:1/5-,� ;6� 796=1,-� )� =)91-;@� 6.

15;-99<7;� )7796)+0-:�� %0-� �6,-3� �	
� <:-:� 653@� 65-� 6.� ;0-:-

)3;-95);1=-:�� �::-9;15/� )5� 15;-99<7;� +)<:-:� )� >91;-� ;6� ;0-

IO_EIR� ;6� *-� 4):;-9-,� 65� ;0-� �$�� *<:�� &765� 9-+-1=15/� )5
15;-99<7;� .964� ��$�� �=1)� IO_EIR��� ;0-� �"&� >133� 9-),� ;0-� 15;-9B
9<7;� 9-8<-:;� 9-/1:;-9� 36+);-,� 15� ��$��:� 15;-99<7;� +65;9633-9

*36+2�� !5-� *1;� 15� ;0-� 15;-99<7;� 9-8<-:;� 9-/1:;-9� 1:� ,-:1/5);-,

.69� -)+0� 76;-5;1)3� 15;-99<7;� :6<9+-� 15� ��$��� %0-� 15;-99<7;

9-8<-:;� 9-/1:;-9� 1:� +3-)9-,� )<;64);1+)33@� ).;-9� 1;� 1:� 9-),� *@� ;0-

�"&�

Real-Time Clock. %0-� �6,-3� �	
� 5--,:� ;6� 2--7� ;9)+2� 6.� ;14-
>0-5� ;0-� :@:;-4� 76>-9� 1:� 6..�� %6� ;01:� -5,�� ��$�� 796=1,-:� )

*);;-9@B*)+2-,� 9-)3B;14-� +36+2�� %0-� 9-)3B;14-� +36+2� 1:� 36/B

1+)33@� =-9@� :1473-� )5,� +65:1:;:� 6.� )� +<:;64� 6:+133);69� +19+<1;

)5,� )� �
B*1;� +6<5;-9� ;0);� +)5� *-� 9-),� )5,� >91;;-5� ;6� *@� :6.;B

>)9-�� %0-� �
B*1;� +6<5;-9� 1:� <:-,� ;6� 2--7� ;9)+2� 6.� ;0-� 5<4*-9

6.� :-+65,:� ;0);� 0)=-� -3)7:-,� .964� :64-� 9-.-9-5+-� ;14-�

%0-� 6:+133);69� <51;� 67-9);-:� );� �
����� 2�A� )5,� ;@71+)33@� <:-:

3-::� ;0)5� 	�� µ�� 6.� +<99-5;� >0-5� 67-9);15/� 65� *);;-9@� *)+2<7�
�;� <:-:� )� 41514<4� 6.� -?;-95)3� +19+<1;9@� �+65:1:;15/� 6.� ;>6

+)7)+1;69:�� )� +9@:;)3�� )5,� )� 9-:1:;69�� ;6� )++64731:0� 1;:� ;):2�

�5:1,-� ;0-� ��$�� 9-)3B;14-� +36+2�� ;0-� �
B2�A� :1/5)3� 1:� 9-,<+-,

;6� )� 	B�A� :1/5)3� *@� )� 	
B*1;� 79-+6<5;-9�� %0-� 	B�A� :1/5)3� 1:

;0-5� <:-,� ;6� 15+9-4-5;� ;0-� 4)15� �
B*1;� +6<5;-9�� �6;0� ;0-

+6<5;-9� )5,� ;0-� 79-+6<5;-9� )9-� 1473-4-5;-,� <:15/� :1473-

91773-� +6<5;-9:�� %0-� 	
B*1;� 79-+6<5;-9� 1:� )3>)@:� +3-)9-,

>0-5� :6.;>)9-� >91;-:� ;6� ;0-� �
B*1;� +6<5;-9�

Phase-Locked Loop Clock Generators. %0-� /6)3� .69� ;0-� ��$�
+36+2� :<*:@:;-4� >):� ;6� /-5-9);-� )33� ;0-� ��!� :<*:@:;-4� +36+2:

.964� 65-� +9@:;)3� 6:+133);69� 6=-9� )� >1,-� 9)5/-� 6.� :@:;-4� .9-B

8<-5+1-:�� %0-� ��$�� +36+2� *36+2� /-5-9);-:� .1=-� ,1..-9-5;� +36+2

.9-8<-5+1-:� 9-8<19-,� .69� ;0-� >1,-� =)91-;@� 6.� ��!� 15;-9.)+-:�

%09--� 6.� ;0-:-� +36+2:� )9-� :<*0)94651+:� 6.� ;0-� 796+-::69

+36+2�� )5,� )9-� /-5-9);-,� <:15/� :1473-� ,1/1;)3� :;);-� 4)+015-:�

�6>-=-9�� ;0-� ��B��A� +36+2� )5,� ;0-� )<,16� :)473-� +36+2� )9-

.1?-,B.9-8<-5+@� +36+2:�� %0-� ��B��A� +36+2� 1:� <:-,� .69� ;0-

$�$�� *)+2� -5,� )5,� #$B
�
� *)<,� 9);-� /-5-9);69�� )5,� ;0-

)<,16� :)473-� +36+2� 1:� <:-,� .69� ;0-� -?;-95)3� �!���� +017�

%0-� .9-8<-5+@� 6.� ;01:� +36+2� �	������� ��A� ;6� 
��
��� ��A�� 1:

:-3-+;)*3-� 65� ;0-� .3@� *@� ;0-� )<,16� )5,� ;-3-7065-� 15;-9.)+-�

%>6� ,1/1;)3� 70):-B36+2-,� 3667� +19+<1;:� )9-� 796=1,-,� 15� ��$�

;6� /-5-9);-� ;0-� ;>6� .1?-,B.9-8<-5+@� +36+2:� .964� ;0-� �"&

����� ��� "0):-B36+2-,� 3667� +36+2� +65;9633-9:�

Filter

Divide-by-M
Counter

Divide-by-N
Counter

Numerically
Controlled
Oscillator

fclockin

fclockout � � N
(M1 � M2)

� fclockin�

+36+2�� %0-:-� ,1/1;)3� 70):-B36+2-,� 3667:� 1473-4-5;� ;0-� -8<)B

;165�� .+36+26<;� �� �.+36+215� ×�  ����	� ×� �
��� >0-9-�  �� �	�� )5,
�
� )9-� ,1/1;)3� +6-..1+1-5;:� :;69-,� 15� ��$�� +65;963� 9-/1:;-9:�

.+36+215� +64-:� .964� ;0-� 4)15� :@:;-4� 9-.-9-5+-� +36+2�� %0-

.+36+26<;� .964� 65-� 6.� ;0-� 70):-B36+2-,� 3667:� 1:� <:-,� .69� ;0-

)<,16� +36+2�� )5,� ;0-� .+36+26<;� .964� ;0-� 6;0-9� 70):-B36+2-,

3667� 1:� <:-,� .69� $�$��� #$B
�
�� )5,� 6;0-9� ��!� .<5+;165:�� �;

76>-9B65�� ;0-� 796+-::69� 151;1)31A);165� +6,-� �:;69-,� 15� ;0-

.3):0� �"#!�:�� 36),:� ;0-� +6-..1+1-5;:� +699-:765,15/� ;6� ;0-

796+-::69� +36+2� .69� ;0-� 7)9;1+<3)9� 796,<+;�� %0-� )<,16� :)473-

+36+2� 0):� ;>6� :-;:� 6.� +6-..1+1-5;� +65;963� 9-/1:;-9:�� >01+0� )9-

:-3-+;-,� *@� )� 4<3;173-?-9� *):-,� 65� )� :1/5)3� .964� ;0-� )<,16

15;-9.)+-�� �1/�� �� :06>:� 65-� 6.� ;0-� 70):-B36+2-,� 3667� +19+<1;:�

%0-� 70):-B36+2-,� 3667� +19+<1;:� )9-� +6473-;-3@� ,1/1;)33@� +65B

;9633-,�� 15+3<,15/� )� ,1/1;)33@� +65;9633-,� 6:+133);69�� ,1/1;)3� 70):-

,-;-+;69�� +6<5;-9:�� )5,� :+)5� ;-:;� 0)9,>)9-�� %01:� ,-:1/5� -3141B

5);-:� )5)36/� +65;963� =63;)/-:� >01+0� )9-� :<:+-7;1*3-� ;6� 561:-

)5,� 15;-/9);165� -9969:�� %0-� ,1/1;)33@� +65;9633-,� 6:+133);69� 1:� )

915/� 6:+133);69� >1;0� )� ,1/1;)33@� 796/9)44)*3-� ,-3)@� -3-4-5;�

%01:� ,-:1/5� 1:� +)7)*3-� 6.� /-5-9);15/� .9-8<-5+1-:� 6.� <7� ;6� 	�


��A�� �� +64*15);165� 6.� +<:;64� )5,� :;)5,)9,B+-33� ,-:1/5

;-+0518<-:� )9-� <:-,� 15� ;01:� ,-:1/5�� �)+0� 70):-B36+2-,� 3667

+-33� 4-):<9-:� 	
��� �4� *@� ���� �4�

�
�
���� 	�
� ���������

%0-� *36+2:� :06>5� 15� �1/�� 	� ;0);� 4)2-� <7� ;0-� /-5-9)3� ��!

.<5+;165:� 15+3<,-� ;0-� 7)9)33-3� 769;�� )<,16� )5,� ;-3-7065-� 15;-9B

.)+-�� #$B
�
� 769;�� )5,� .3-?1*3-� ,1:2� )5,� *66;� #!�� 15;-9.)+-�

%0-:-� ��!� .<5+;165:� 691/15);-� .964� �"� 15;-95)3� :;)5,)9,B+-33

,-:1/5:� ;0);� >-9-� 691/15)33@� ,-:1/5-,� <:15/� '-9136/� #%�

46,-3:� )5,� ;0-5� :@5;0-:1A-,� 15;6� )� :;)5,)9,B+-33� ,-:1/5

<:15/� $@567:@:�� $64-� *36+2:� >-9-� ,-:1/5-,� :7-+1.1+)33@� .69

��$�� >013-� 6;0-9:� >-9-� 3-=-9)/-,� .964� 79-=16<:� �"� �$��

,-:1/5:�

Parallel Port. %0-� 7)9)33-3� 769;� 1:� ,-:1/5-,� ;6� *-� :6.;>)9-
+647);1*3-� >1;0� 79-=16<:� /-5-9);165:� 6.� �"� ����� $-91-:� ���

��!� :<*:@:;-4:� >013-� 415141A15/� 6=-9)33� +6473-?1;@� )5,

+017� )9-)�� %01:� 769;� )336>:� 15;-9.)+15/� ;6� 7915;-9:� )5,� 6;0-9

7-9170-9)3:� :<7769;15/� ;0-� 15,<:;9@B:;)5,)9,� �-5;9651+:� 7)9B

)33-3� 15;-9.)+-�� %0-� 7)9)33-3� 769;� :1/5)3:� )9-� ,91=-5� ,19-+;3@

.964� ;0-� ��$�� +017� >1;06<;� ),,1;165)3� *<..-915/�

���� >):� :<7769;-,� 65� 79-=16<:� >692:;);165� +65;9633-9:

)5,� ;0-9-.69-� 5--,-,� ;6� *-� 796=1,-,� 65� ��$��:� +65;9633-9�

�6>-=-9�� :15+-� 56� +-5;9)3� ���� +65;9633-9� -?1:;:�� )33� ���

0)9,>)9-� 1:� +65;)15-,� >1;015� ;0-� 7)9)33-3� ��!� *36+2�� $15+-

7)9)33-3� 769;� *)5,>1,;0� 9-8<19-4-5;:� )9-� .)193@� 46,-:;
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����� ��� �++9,::� 3(;*/05.� 36.0*�� (5+� ;/,� +(;(� (5+� *65;963� 305,:� (::6*0B

(;,+� >0;/� ;/,� ,?;,95(3� �B)0;� )<:�

8-Bit
Latch

(74GHT374)

ADR[18:11]
8-Bit
Latch

(74GHT374)
ADR[10:3]

ACLK

ADR[2:0]

DATA[7:0]

cs, oe, we

LASI

ADR[18:0]

DATA[7:0]

cs, oe, we

Flash
EPROM

�()6<;� ���� 2)@;,:�:��� ���� 0:� +65,� )@� 9,(+05.� 65,� �
B)0;

>69+� 6-� +(;(�� 9,3,(:05.� ;/,� )<:�� ;9(5:-,9905.� 65,� ;6� -6<9

)@;,:� 6-� +(;(� 6=,9� ;/,� 05;,9-(*,�� (5+� ;/,5� 9,8<,:;05.� ;/,� )<:

(.(05�� %/0:� (7796(*/� 2,,7:� ;/,� ���� *65;9633,9� 8<0;,� :0473,

>/03,� ,(:03@� (**6446+(;05.� )@;,� <57(*205.�

Keyboard and Mouse Controller. ��$�� 796=0+,:� :<7769;� -69� ;>6
���� "$�
B:;@3,� 2,@)6(9+� (5+� 46<:,� +,=0*,:�� 4(205.� ;/,

2,@)6(9+� (5+� 46<:,� 769;:� 1<:;� 302,� ;/6:,� <:,+� 65� (� :;(5+(9+

���� 7,9:65(3� *647<;,9�� %/,:,� 05;,9-(*,:� (9,� 5,>� ;6� ;/,

$,90,:� ���� -(403@� :6� ;/,9,� >,9,� 56� :6-;>(9,� *647(;0)030;@

0::<,:�� (336>05.� <:� ;6� 67;040A,� ;/,� +,:0.5� -69� 36>� 4(5<-(*B

;<905.� *6:;�� %/,� 05;,9-(*,� 796=0+,:� 653@� (� 40504(3� (46<5;� 6-

/(9+>(9,� (5+� 9,30,:� 65� ;/,� +90=,9� ;6� +6� 46:;� 6-� ;/,� >692�

%/,� 05;,9-(*,� (3:6� 7,9-694:� ;/,� :,90(3B;6B7(9(33,3� (5+� 7(9(33,3B

;6B:,90(3� *65=,9:065� (5+� +6,:� (� :4(33� (46<5;� 6-� )<--,905.�

�5� 05;,99<7;� 0:� .,5,9(;,+� -69� ,=,9@� )@;,� 6-� +(;(� 9,*,0=,+

-964� ;/,� "$�
� +,=0*,�� %/,� :6-;>(9,� 6=,9/,(+� 0:� 56;� (� 7,9-69B

4(5*,� 0::<,� ),*(<:,� 6-� ;/,� ,?;9,4,3@� 36>� +(;(� 9(;,� 6-� ;/,

05;,9-(*,�

Flexible Disk and Boot ROM Interface.� ��$�� :<7769;:� (5� ,?;,95(3
�B)0;� )<:� ;/(;� 796=0+,:� ;/,� *(7()030;@� ;6� *655,*;� +0:*9,;,

-3(:/� �"#!�� +,=0*,:� (5+� (� -3,?0)3,� +0:2� *65;9633,9� >0;/� =,9@

30;;3,� (++0;065(3� 36.0*�� �0.�� 
� :/6>:� (� :0473,� :*/,4(;0*� 6-� (

-3(:/� �"#!�� (5+� ;/,� 9,8<09,+� (++9,::� 3(;*/05.� 36.0*� 65� ;/,

�B)0;� )<:�� �;� >(:� 56;� *6:;B,--,*;0=,� ;6� 05;,.9(;,� ;/,:,� +,=0*,:

05;6� ;/,� ��$�� */07�� %/,� �B)0;� )<:� 0:� (3:6� *(7()3,� 6-� :<7769;B

05.� 6;/,9� ;@7,:� 6-� �B)0;� +,=0*,:�� .0=05.� :64,� +,.9,,� 6-� -3,?0B

)030;@� ;6� ;/,� ��!� :@:;,4�

%/,� �B)0;� )<:� :<7769;:� 	�� )@;,:� 6-� (++9,::� :7(*,� �;/,� -09:;

/(3-� 6-� ;/,� ��$�� (++9,::� :7(*,��� �33� ;9(5:(*;065:� ;6� ;/0:� (+B

+9,::� :7(*,� 65� ;/,� �B)0;� )<:� ),.05� >0;/� ;>6� (++9,::� *@*3,:�

%/,:,� *@*3,:� ;9(5:-,9� )0;:� 	���� 6-� ;/,� (++9,::� ;6� ;>6

����%���B;@7,� �B)0;� 3(;*/,:� >09,+� 05� :,90,:� (5+� *65;9633,+

)@� ��$��� �<3;073,?05.� ;/,� (++9,::� 65� ;/,� +(;(� 305,:� :(=,:� 	


705:� 65� ��$��

��$�� 0:� *(7()3,� 6-� :<7769;05.� )@;,�� >69+�� (5+� +6<)3,B>69+

9,(+:� (5+� )@;,� >90;,:� ;6� +,=0*,:� 65� ;/,� �B)0;� )<:�� '69+� (5+

+6<)3,B>69+� 9,(+:� (9,� (**64730:/,+� )@� +605.� 4<3;073,� (*B

*,::,:� ;6� +,=0*,:� 65� ;/,� �B)0;� )<:� (5+� 7(*205.� ;/,� )@;,:� 05;6

>69+:� ),-69,� 9,;<9505.� ;/,4� 65� ;/,� �$�� )<:�� '69+� (5+

+6<)3,B>69+� (**,::,:� 9,8<09,� ;/,� (++9,::� ;6� ),� 3(;*/,+� 653@

65*,� :05*,� ��$�� +90=,:� ;/,� 36>,9� ;/9,,� (++9,::� )0;:� +09,*;3@�

%/0:� .9,(;3@� 9,+<*,:� ;/,� >69+� (5+� +6<)3,B>69+� (**,::� ;04,�

�6<)3,B>69+� 9,(+:� ;(2,� (7796?04(;,3@� �
� �$�� *@*3,:� ;6

*6473,;,� ),*(<:,� ,0./;� (**,::,:� (9,� 9,8<09,+� 65� ;/,� �B)0;

)<:�� �<905.� ,(*/� 6-� ;/,� ,0./;� (**,::,:� (� 5,>� (++9,::� 0:� 79,B

:,5;,+� ;6� ;/,� -3(:/� �"#!�� >/0*/� 9,:<3;:� 05� =(30+� +(;(� ),05.

+90=,5� ;6� ;/,� �B)0;� )<:� )@� ;/0:� -3(:/� +,=0*,�� �@;,� (**,::,:� (9,

(3:6� 9,3(;0=,3@� :36>� �	
� �$�� *@*3,:�� ;6� :<7769;� =,9@� :36>

+,=0*,:� 65� ;/,� �B)0;� )<:�� �;� 0:� 04769;(5;� ;6� 56;,� ;/(;� ;/,� �B)0;

)<:� 0:� 56;� ,3,*;90*(33@� *655,*;,+� ;6� ;/,� �$��

��$�� 0:� +,:0.5,+� :7,*0-0*(33@� ;6� :<7769;� ;/,� '�����
�� -3,?B

0)3,� +0:2� *65;9633,9� 65� ;/,� �B)0;� )<:�� %/,� �6+,3� �	
� <:,:� (

7,9:65(3� *647<;,9� :;@3,� -3,?0)3,� +0:2� *65;9633,9� 05:;,(+� 6-� (

$�$�B)(:,+� -3,?0)3,� +0:2� *65;9633,9� ),*(<:,� 6-� ;/,� :0.50-0B

*(5;3@� 36>,9� *6:;� 6-� ;/,� +90=,� 4,*/(50:4�� %/,� -3,?0)3,� +0:2

*65;9633,9� >(:� 56;� 05;,.9(;,+� 05;6� ;/,� ��$�� */07� ),*(<:,� 6-

;/,� 36>� *6:;� 6-� ;/,� '�����
�� */07� (5+� ;/,� 76;,5;0(3� -69

$�$�� +90=,:� ;6� *64,� +6>5� 05� *6:;� 05� ;/,� -<;<9,�� %/,

'�����
�� :/(9,:� ;/,� +(;(� )<:� (5+� ;>6� *65;963� 305,:� >0;/

6;/,9� +,=0*,:� 65� ;/,� �B)0;� )<:�� )<;� +6,:� 56;� *65:<4,� (5@� 6-

;/,� 	�� )@;,:� 6-� (336*(;,+� (++9,::� :7(*,�� $<7769;05.� ;/,

'�����
�� 9,8<09,:� :0?� +,+0*(;,+� :0.5(3:� (5+� 56� ,?;,95(3

.3<,� 36.0*�� ��$�� :<7769;:� ;/,� '�����
�� 9<5505.� 05� ���

46+,� (5+� 796=0+,:� ;/,� *(7()030;@� ;6� 46=,� +(;(� +09,*;3@� ),B

;>,,5� 4(05� 4,469@� (5+� ;/,� '�����
�� >0;/6<;� 796*,::69

05;,9=,5;065�

RS-232. %/,� #$B
�
� )36*2� 05� ��$�� 0:� (5� �"� 05;,95(3� :;(5+(9+B
*,33� +,:0.5� ;/(;� ,4<3(;,:� ;/,� ),/(=069� 6-� ;/,�  (;065(3� $,40B

*65+<*;69�  $	�

���� %/,� &,9036.� ���� +,:*907;065� -69� ;/0:

+,:0.5� >(:� 3,=,9(.,+� -964� 79,=06<:� �"� �$��� +,:0.5:� <:,+� 05

6;/,9� 4,4),9:� 6-� ;/,� �"� ����� $,90,:� ���� >692:;(;065� -(403@�

!5,� +0--,9,5*,� ),;>,,5� ;/0:� )36*2� (5+� ;/,�  $	�

��� 0:� ;/(;

0;:� )(<+� *36*2� 0:� +,90=,+� -964� (� ��B��A� :0.5(3�� %/0:� (336>:

;/,� )36*2� ;6� :/(9,� ;/,� 7/(:,B36*2,+B3667B.,5,9(;,+� ��B��A

*36*2� >0;/� ;/,� )(*2� ,5+� 6-� ;/,� $�$�� )36*2� (5+� ,30405(;,:� ;/,

5,,+� ;6� :<7769;� (5� ,?;,95(3� *9@:;(3� 69� +,+0*(;,+� 7/(:,B

36*2,+� 3667� -69� )(<+� *36*2� .,5,9(;065�

Audio Interface. %/,� �6+,3� �	
� :<7769;:� )<03;B05� ��B8<(30;@
(<+06� (5+� (5� 67;065(3� ;,3,7/65@� *(9+�	� %/,� ;,3,7/65@� *(9+

0:� �$"B)(:,+� (5+� 796=0+,:� :04<3;(5,6<:� (**,::� ;6� ;>6� ;,3,B

7/65,� 305,:� )6;/� *(7()3,� 6-� :<7769;05.� =60*,�� -(?�� 69� +(;(

46+,4:�� ��$�� 796=0+,:� ;/,� 05;,9-(*,� ),;>,,5� ;/,� �$�� )<:

(5+� ;/,� (<+06� (5+� ;,3,7/65@� *09*<0;9@�

�5� 6)1,*;0=,� -69� ;/,� �6+,3� �	
� (<+06� :<):@:;,4� >(:� ;6

4(05;(05� *6473,;,� :6-;>(9,� *647(;0)030;@� >0;/� 79,=06<:� +0:B

*9,;,� +,:0.5:�� �:� (� 9,:<3;�� (� .66+� +,(3� 6-� ;/,� (<+06� 05;,9-(*,

*09*<0;9@� 65� ��$�� 0:� +,+0*(;,+� ;6� :<7769;05.� ;/0:� *647(;0)030;@

(5+� 0:� 56;� 67;040A,+� -69� 40504(3� 4(5<-(*;<905.� *6:;�

%/,� (<+06� 05;,9-(*,� 05� ��$�� /(:� ;>6� ���� */(55,3:� ;/(;� :<7B

769;� ;/,� 057<;� (5+� 6<;7<;� (<+06� :;9,(4:�� �(*/� */(55,3� /(:

;>6� ��B)@;,� 7(.,:� 6-� 4(05� 4,469@� *65;05<(33@� 9,:,9=,+� -69

;9(5:-,9905.� +(;(� ;6� (5+� -964� ;/,� �$�
	
� �!����� %/,� )<--B

,905.� 05� ;/,� 05;,9-(*,� 0:� :<--0*0,5;� ;6� .<(9(5;,,� 0:6*/9656<:

(<+06� 67,9(;065�� .0=,5� >69:;B*(:,� �$�� )<:� 3(;,5*0,:� 05� ;/,

�6+,3� �	
�� �� >0+,� 9(5.,� 6-� (<+06� -694(;:� 0:� :<7769;,+� 05B

*3<+05.� �B)0;� 69� 	�B)0;� >69+:� :(473,+� 05� ,0;/,9� 305,(9�� �B3(>�

69� �B3(>� -694(;� (;� (� =(90,;@� 6-� :(473,� 9(;,:� -964� �� 2�A� ;6� ��

2�A�	� %/,� *36*2� ;/(;� +,;,9405,:� ;/,� :(473,� 9(;,� 05� ;/,

�!���� 0:� .,5,9(;,+� 05� 65,� 6-� ��$��:� 796.9(44()3,� 7/(:,B

36*2,+� 3667� *09*<0;:�� �644<50*(;065� ),;>,,5� ��$�� (5+� ;/,
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Designing with a system focus and extracting as much performance and
functionality as possible from available technology results in a highly
integrated graphics chip that consumes very little board area and power
and is 50% faster and five times less expensive than its predecessor.
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#()0�� !� 6)$%/� ���;"!3%$� &2!-%� "5&&%2�� !.$� !� &%7� 3500/24

#()03� �3%%� �)'�� ���� �(%� 02/*%#4� '/!,3� #,/3%,9� 2%&,%#4� 4(/3%� /&

4(%� /6%2!,,� ��� 
���� �/$%,� ��	� 02/'2!-�� �.� 02)/2)49� /2$%2

4(%3%� '/!,3� 7%2%�

• �%29� ,/7� -!.5&!#452).'� #/34
• �%!$%23()0� '2!0()#3� 0%2&/2-!.#%� !4� %.429� #/34� ,%6%,3
• �2#()4%#452!,� #/-0!4)"),)49
• �/-0%,,).'� .%7� &5.#4)/.!,)49�

�#()%6).'� 4(%3%� '/!,3� 2%15)2%$� !� -!*/2� 34%0� ).� 4(%� %6/,54)/.

/&� ��� %.429;,%6%,� '2!0()#3� 7/2+34!4)/.� (!2$7!2%�� �7/� 0(),/3;

/0()%3� (%,0%$� 4(%� 4%!-� 2%30/.3)",%� &/2� 4(%� '2!0()#3� #()0

!#()%6%� 4(%3%� '/!,3�� �(%� &)234� '5)$).'� 0(),/3/0(9� 7!3� 4/

$%3)'.� 7)4(� !� 3934%-;,%6%,� &/#53�� �%� %8!-).%$� !,,� 2%15)2%$

&5.#4)/.!,)49� 4/� $%#)$%� 7(%4(%2� )4� 7!3� "%34� 4/� )-0,%-%.4� )4� ).

����� ��� �� ",/#+� $)!'2!-� /&� 4(%� %33%.4)!,� #/-0/.%.43� 4(!4� -!+%� 50

4(%� ��� 
���� �/$%,� ��	� 7/2+34!4)/.�

Memory

Cache

PA 7100LC

General System Connect (GSC) Bus

LASI Chip
(I/O)

Graphics
Chip

Monitor

Video
RAM

Frame
Buffer

Graphics
Subsystem

4(%� '2!0()#3� 35"3934%-�� 4(%� (/34� 02/#%33/2�� /2� 3/-%� #/-");

.!4)/.� /&� 4(%� 47/�

�(%� 3%#/.$� 0(),/3/0(9� 7!3� 4/� %842!#4� !3� -5#(� 0%2&/2-!.#%

!.$� &5.#4)/.!,)49� !3� 0/33)",%� &2/-� 2%!$),9� !6!),!",%� 4%#(./,;

/'9�� �%� !6/)$%$� ,%!$).';%$'%� 4%#(./,/'9� "%#!53%� /&� 4(%� #/34

)-0,)#!4)/.3�� �%� $)$� -!+%� !.� !44%-04� 4/� 53%� !,,� 4(%� &%!452%3

!.$� 0%2&/2-!.#%� !6!),!",%� ).� -!452%� 4%#(./,/')%3� 35#(� !3

6)$%/� ���3� �����3�� !.$� ���3� ����	��� ��� 02/#%33�

�()3� !24)#,%� $%3#2)"%3� 4(%� &%!452%3� !.$� &5.#4)/.!,)49� /&� 4(%� ��


���� �/$%,� ��	� '2!0()#3� 35"3934%-�� �(%� #/.3)$%2!4)/.3� 4(!4

7%.4� ).4/� !##/-0,)3().'� 4(%� '/!,3� -%.4)/.%$� !"/6%� !2%� !,3/

$%3#2)"%$�

����� �� !���� ����� ����� #

�(%� �� � 7).$/7� !##%,%2!4/2� #!2$† � ).42/$5#%$� "9� ��� ).
�

�� -!2+%$� 4(%� "%')..).'� /&� !� 34!.$!2$):%$� '2!0()#3� (!2$;

7!2%� !2#()4%#452%� &/2� 7).$/7� 3934%-� !##%,%2!4)/.��� �()3� !2;

#()4%#452%� 7!3� #(/3%.� &/2� )43� 3)-0,)#)49� /&� )-0,%-%.4!4)/.

!.$� &/2� 4(%� #,%!.� -/$%,� )4� 02%3%.43� 4/� 4(%� 3/&47!2%� $2)6%2

$%6%,/0%23�� �.%� /&� /52� &5.$!-%.4!,� $%3)'.� $%#)3)/.3� 7!3� 4/

!##%,%2!4%� +%9� 02)-)4)6%3� /.,9<!� ����� !002/!#(�� �!.9� %!2;

,)%2� #/.42/,,%23� #(/3%� 4/� !##%,%2!4%� !� ,!2'%� '!-54� /&� '2!0()#!,

/0%2!4)/.3� 35#(� !3� %,,)03%3�� !2)4(-%4)#� 0)8%,� /0%2!4)/.3�� !.$

3/� /.�� �2!0()#3� 35"3934%-3� $%3)'.%$� 7)4(� 4(%3%� #/.42/,,%23

7%2%� 490)#!,,9� %80%.3)6%� !.$� %8()")4%$� /.,9� -/$%2!4%� 7).;

$/7� 3934%-� 0%2&/2-!.#%�� �.� 4(%� �� � !.$� 35"3%15%.4� !##%,;

%2!4/23�� ).#,5$).'� 4(%� �/$%,� ��	�3� '2!0()#3� #()0�� 7%� $%#)$%$

4/� !##%,%2!4%� !� #!2%&5,,9� #(/3%.� 3-!,,%2� 3%4� /&� 02)-)4)6%3�

7()#(� !2%� $%3#2)"%$� ).� 4(%� &/,,/7).'� 3%#4)/.3�

Block Transfer. �2)4).'� 0)8%,3� &2/-� 3934%-� -%-/29� 4/� 4(%
&2!-%� "5&&%2� /2� 2%!$).'� &2/-� 4(%� &2!-%� "5&&%2� 4/� 3934%-

-%-/29� )3� !� ",/#+� 42!.3&%2� �3%%� �)'�� 	��� �2)4%3� !2%� 53%$� 4/

42!.3&%2� )-!'%� $!4!� 4/� 4(%� &2!-%� "5&&%2�� �%!$3� !2%� 53%$� 02);

-!2),9� 4/� 3!6%� 0/24)/.3� /&� 4(%� 3#2%%.� 4%-0/2!2),9� /"3#52%$

"9� 0/0;50� -%.53� �3%%� �)'�� 	"��

† A window accelerator is the hardware that provides the images seen on the workstation
monitor. In particular, an accelerator is geared toward speeding up environments such as
the X Window System. The window accelerator enables the fast movement of windows on
the screen, scrolling of text, painting of window borders and backgrounds, and so on.
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����� ��� �'�� �14)0� 97'38,+7� <7/9+�� �(�� �14)0� 97'38,+7� 7+'*�� %/3*4<� �

4(8):7+8� </3*4<� ��� ".+� 4(8):7+*� '7+'� /8� 8947+*� /3� 8>89+2� 2+247>

,47� 7+8947'9/43� <.+3� 9.+� '7+'� 4,� </3*4<� �� /8� +=548+*�

System Memory

Frame Buffer

(a)

System Memory

Frame Buffer

(b)

A

B

Block Move. �� (14)0� 24;+� /3;41;+8� 97'38,+77/3-� 5/=+18� ,742
43+� 7+)9'3-:1'7� '7+'� /3� 9.+� ,7'2+� (:,,+7� 94� '349.+7� �5488/(1>

4;+71'55/3-�� '7+'� /3� 9.+� ,7'2+� (:,,+7� ��/-�� ���� "./8� /8� ;+7>

:8+,:1� ,47� 24;/3-� </3*4<8� 43� 9.+� 8)7++3� '3*� 8)7411/3-� 1/3+8

4,� 9+=9� </9./3� '� </3*4<�� ".+� (14)0� 24;+� /3� 9.+� -7'5./)8

)./5� 8:554798� �441+'3� 45+7'9/438� 43� 9.+� *'9'� (+/3-� 24;+*�

8:).� '8� ./-.1/-.9/3-� 9+=9� (>� )4251+2+39/3-� )41478�

Vectors. ".+� '(/1/9>� 94� *7'<� ;+)9478� �1/3+� 8+-2+398�� ;+7>
6:/)01>� /8� '� 7+6:/7+2+39� 4,� *+8/-3� '551/)'9/438� 8:).� '8� 8).+@

2'9/)� )'59:7+� '3*� 2+).'3/)'1� *+8/-3� ��/-�� ���� ".:8�� 9.+

-7'5./)8� )./5� .'8� '� ./-.@5+7,472'3)+� ;+)947� -+3+7'947� 9.'9

)7+'9+8� &� %/3*4<� !>89+2@)4251/'39� 1/3+� 8+-2+398�

Fast Text.� �.'7')9+78� '7+� '))+1+7'9+*� (>� 9.+� -7'5./)8� )./5
(+)':8+� 4,� 9.+/7� 5+7;'8/;+� :8+� /3� </3*4<� 8>89+28� '3*� 9.+

1'7-+� 549+39/'1� ,47� 5+7,472'3)+� /2574;+2+39� 4;+7� 84,9<'7+@

431>� 841:9/438�� �� ).'7')9+7� /8� *+,/3+*� '8� '� 7+)9'3-:1'7� '77'>

4,� 5/=+18� 9.'9� )439'/38� 431>� 9<4� )41478� )'11+*� ,47+-74:3*� '3*

(')0-74:3*� )41478�� �+)':8+� 9.+7+� '7+� 431>� 9<4� ).4/)+8�� '

8/3-1+� (/9� /8� 8:,,/)/+39� 94� 85+)/,>� 9.+� )4147� 4,� +').� 5/=+1� /3� '

).'7')9+7�� "./8� /2574;+8� 5+7,472'3)+� (>� 7+*:)/3-� 9.+

'24:39� 4,� *'9'� 9.'9� /8� 97'382/99+*� ,742� 9.+� 574)+8847� 94� 9.+

-7'5./)8� )./5�� �47� +='251+�� 9.+� hp ).'7')9+7� /3� �/-�� 
� 7+6:/7+8
431>� �� (>9+8� 4,� *'9'� ;+78:8� ��� (>9+8� /,� 9./8� 459/2/?'9/43� .'*

349� (++3� 2'*+�

Rectangular Area Fill. "./8� 57/2/9/;+� /8� </*+1>� :8+*� (>� </3*4<
8>89+28� 94� -+3+7'9+� </3*4<� (47*+78�� 2+3:� (:99438�� '3*� 84

43� ��/-�� ���� �9� /8� '184� /25479'39� ,47� '551/)'9/438� 8:).� '8

57/39+*� )/7):/9� (4'7*� 1'>4:9� '3*� ��� 5.>8/)'1� *+8/-3��  +)9'3@

-:1'7� '7+'8� )'3� (+� 5'99+73+*� :8/3-� 9<4� )41478� 47� )439'/3

431>� '� 8/3-1+� )4147�� �'7*<'7+� '))+1+7'9/43� '-'/3� -/;+8� '

1'7-+� 85++*:5� 4;+7� 84,9<'7+@431>� 841:9/438�

Cursor. #39/1� 9.+� 1'9+� 	���8� <.+3� .'7*<'7+� ):78478� 89'79+*
'55+'7/3-� /3� ;/*+4� ��8�� 8)7++3� ):78478� <+7+� 9>5/)'11>� -+3+7@

'9+*� :8/3-� 84,9<'7+� 74:9/3+8�� �'7*<'7+� 8:55479� /8� '� -44*

97'*+@4,,� (+)':8+� 9.+� )/7):/97>� /8� 7+1'9/;+1>� 8/251+�� '3*� '� 8>8@

9+2� </9.4:9� .'7*<'7+� '))+1+7'9/43� )'3� 85+3*� '� 8/-3/,/)'39

5479/43� 4,� /98� 9/2+� :5*'9/3-� 9.+� ):7847�� �� ��@(>@��@5/=+1�

9<4@)4147� ):7847� /8� 8:55479+*� */7+)91>� /3� 9.+� -7'5./)8� )./5�

����� ��� �14)0� 24;+��  +)9'3-:1'7� '7+'� �� /8� 24;+*� 94� '� 3+<�� 5488/(1>

4;+71'55/3-� 14)'9/43�

Frame Buffer

A

����� ��� $+)947� 57/2/9/;+�� �� ;+)947� /8� *7'<3� (>� 9:73/3-� 43� 8:))+88/;+

5/=+18� :8/3-� 9.+� �7+8+3.'2� '1-47/9.2�

Frame Buffer

� �47+� )4251+=� ,:3)9/43'1/9>� 8:).� '8� </*+� 1/3+8�� )/7)1+8� '3*

+11/58+8�� '3*� ��� 57/2/9/;+8� '7+� 349� '))+1+7'9+*� */7+)91>� (>� 9.+

-7'5./)8� )./5� (+)':8+� 9.+� '551/)'9/43� 5+7,472'3)+� /2@

574;+2+39� <'8� *+9+72/3+*� 94� (+� 944� 14<� ,47� 9.+� )489� 4,

/251+2+39'9/43�� ".+8+� ,:3)9/438� )'3� (+� +,,/)/+391>� /251+@

2+39+*� /3� 84,9<'7+�� "./8� /8� '3� +='251+� 4,� 9.+� 8>89+2@1+;+1

*+8/-3� 97'*+@4,,8� 2+39/43+*� '(4;+�

�3� /25479'39� '85+)9� 4,� 9./8� 89'3*'7*/?+*� '7)./9+)9:7+� /8

84,9<'7+� 1+;+7'-+�� �9� /8� +89/2'9+*� 9.'9� 8+;+7'1� 84,9<'7+� +3-/@

3++7/3-� >+'78� <+7+� 8';+*� 43� 9.+� -7'5./)8� )./5� (+)':8+� 9.+

'7)./9+)9:7+� /8� ;/79:'11>� /*+39/)'1� 94� 9.'9� 4,� 9.+� � &� -7'5./)8

8:(8>89+2�� ".+� 8';/3-8� /3� 84,9<'7+� +3-/3++7/3-� 9/2+� <'8

'551/+*� 94� 9:3/3-� '3*� '**/3-� 3+<� ,:3)9/43'1/9>� /389+'*� 4,

7+<7/9/3-� *7/;+78�

	�������� ����� 
�
������

"4� -+9� '� (+99+7� :3*+789'3*/3-� 4,� 9.+� 45+7'9/43� 4,� 9.+� -7'5./)8

)./5� 1+9�8� ,4114<� '� -7'5./)8� 57/2/9/;+� 9.74:-.� 9.+� (14)0� */'@

-7'2� 8.4<3� /3� �/-�� ��� �� ;+)947� /8� '� -44*� +='251+� (+)':8+� /9

/3;41;+8� '11� 4,� 9.+� (14)08� /3� 9.+� )./5�� �88:2+� <+� .';+� '

;+)947� 9.'9� 89'798� '9� =�>� )447*/3'9+8� ����� /8� �� 5/=+18� 143-�� '3*

.'8� '� 8145+� 4,� 	�
�

�/789�� 8+;+7'1� 5'7'2+9+78� '7+� )'1):1'9+*� 94� 8+9� :5� 9.+� ;+)947

/3� 9.+� -7'5./)8� )./5�� "./8� /8� *43+� (>� -7'5./)8� 84,9<'7+� �+�-��

9.+� &� %/3*4<� !>89+2�� 7:33/3-� 43� 9.+� ��� �	����� ��#�� ".+

./-.@1+;+1� 85+)/,/)'9/43� 4,� '� ;+)947� /8�

• !9'79/3-� =�>� )447*/3'9+

• �3*/3-� =�>� )447*/3'9+�

10011x110011xx111xx101101
1001xx1100101x111xx101x

����� ��� �'89� 9+=9� 57/2/9/;+�� �� ).'7')9+7� /8� '� 7+)9'3-:1'7� '77'>� )439'/3@

/3-� 9<4� )41478�� ,47+-74:3*� '3*� (')0-74:3*� )41478�� �31>� '� 8/3-1+� (/9

/8� 3++*+*� 94� 85+)/,>� +').� )4147�

Frame Buffer

System Memory

1 = Foreground Color
0 = Background Color
x = Not Affected
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�!",� ��-�� ",� -+�',��++��� ��+(,,� -!�� ���� �.,�� -!+(. !� -!�� ���

"'-�+������ �'�� "'-(� �� ,�-� (�� +� ",-�+,� "'� -!�� &��+(� �.'�-"('

.'"-�� ��� -!�,�� +� ",-�+,� �+�� �%+���2� "'� .,�� �2� -!�� &��+(� �.'�4

-"('� .'"-� -!�� ��-�� ",� )%����� "'� �� ��40(+�4���)� ����� �.���+

-!�-� -!�� .'"-� ��'� ����,,� 0!�'� "-� ���(&�,� �+���� �!",� "'�+��,�,

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

!�+�0�+�� )+(��,,�,�� �!�� &��+(� �.'�-"('� .'"-�,� ��,"�� #(�� ",� -(

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

-"/�,� ,.�!� �,� /��-(+,�� -�1-�� �'�� +��-�' %�,� "'-(� �� ,�+"�,� (�� "'�"4

/"�.�%� +�*.�,-,� -(� �+�0� )"1�%,�

�+�0"' � -!�� /��-(+� ",� �.-(&�-"��%%2� -+"  �+��� 0!�'� -!�� %�,-

(�� -!�� )�+�&�-�+,� ��,�+"���� "'� -!�� ,)��"�"��-"('� ",� 0+"--�'

"'-(� -!�� &��+(� �.'�-"('� .'"-�� �!�� &��+(� �.'�-"('� -!�'� ,-�),

"-,� 0�2� �%(' � -!�� /��-(+� .,"' � -!�� 
+�,�'!�&� �% (+"-!&�� �'�

",,.�,� +�*.�,-,� -(� �+�0� )"1�%,�� �"'��� -!�� ,%()�� (�� (.+� /��-(+

",� ����� -!�� 24�((+�"'�-�� ",� "'�+�&�'-��� ��-�+� �/�+2� -0(� ,-�),

�%(' � -!�� 14�1",� �,� "'�"��-��� "'� �" �� 
�

�'�� &" !-� �1)��-� -!�-� �� ,�)�+�-�� 14� �'�� 24���+�,,� 0(.%�� ��

,)��"�"��� �(+� ���!� )"1�%� -(� ��� 0+"--�'�� �(0�/�+�� 0"-!� /��-(+,

�	��� ��� ���-�' .%�+� �+��� �"%%� )+"&"-"/��� �� +��-�' %�� ",� ���"'��� �2

�(+'�+�� 0"�-!�� �'�� !�" !-�� �(%(+� (+� )�--�+'� &�2� ��� �))%"���

Frame Buffer

-!�+�� ",� �1��%%�'-� �(!�+�'��� ��-0��'� ,.���,,"/�� 14� �'�� 24��4

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

�!.,�� -!�+�� �+�� ,)��"�%� �.,� �2�%�,� ��-0��'� -!�� &��+(� �.'�4

-"('� .'"-� �'�� -!�� ��-�� �(+&�--�+� -!�-� ,)��"�2� -!�-� -!�� )+�/"(.,

14� (+� 2� �((+�"'�-�� ,!(.%�� ��� "'�+�&�'-��� (+� ���+�&�'-��� -(

 �'�+�-�� -!�� '�0� �((+�"'�-��� �!",� ,�/�,� ,�'�"' � �� �.%%� 1�2

�((+�"'�-�� )�"+� �(+� ���!� )"1�%� �+�0'� �'�� ," '"�"��'-%2� "&4

)+(/�,� ��'�0"�-!� .,�� ('� -!�� �.,�� �!",� ()-"&"3�-"('� ",� �%,(

.,��.%� �(+� (-!�+� )+"&"-"/�,� ,.�!� �,� -�1-� �'�� +��-�' %�,�

�	��� ��� �� �%(�$� �"� +�&� (�� -!�

�(&)('�'-,� "',"��� -!��  +�)!"�,

�!")�

System Bus (GSC)

GSC
Interface

32-Word
FIFO

Macro
Function

Unit

Data
Formatter

Bus

Frame Buffer Controller

To Random Ports From Video Ports

Video Block

Color
Recovery
Decode

Cursor
RAM

Video
Timing

Color
Lookup
Table #1

Color
Lookup
Table #2

DACs
Blue
Green
Red

To Monitor

Random Port
VRAM

(2M Bits)
Video Port

Frame Buffer

VRAM
(2M Bits)

VRAM
(2M Bits)

VRAM
(2M Bits)

VRAM
(2M Bits)

VRAM
(2M Bits)

VRAM
(2M Bits)

VRAM
(2M Bits)

Optional Frame Buffer Memory

Phase-
Locked
LoopVideo

Controller
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��
�� ��� �.=*1� 7*57*8*39&9.43� 4+� &� ;*(947� 9-&9� 89&798� &9� (447).3&9*� ����

.8� �� 5.=*18� 143,�� &3)� -&8� &� 8145*� 4+� 	�
�

Increment y

4

3

2

1

0

0 1 2 3 5 6 7 8
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<0-� ������ +7551<<--� 7>-:� <0-� 4);<� .-?� A-):;�� $0-� 57:-� 15C

87:<)6<� .-)<=:-;� 16+4=,-�

• !)/-� 57,-�� $01;� .-)<=:-� -41516)<-;� <0-� 6--,� <7� ;-6,� :-,=6C
,)6<� 87:<176;� 7.� <0-� 81@-4� ),,:-;;� ?0-6� ?:1<16/� 16<7� <0-

.:)5-� *=..-:�� $0-� :-;=4<� 1;� <0)<� 5)6A� 78-:)<176;� +)6� ?:1<-� )

81@-4� 16� );� 41<<4-� );� ����� 6;� >-:;=;� <0-� 57:-� <A81+)4� �	� 6;� �;--

�1/�� 
	��� $0-� 3-A� 0-:-� 1;� <0)<� <0-;-� 78-:)<176;� 5=;<� 7++=:

?1<016� )� 8)/-� 7.� &"��� 7:� )� ;1/61.1+)6<� 8-6)4<A� 1;� 16+=::-,�

�A� ,-.)=4<� <01;� 8)/-� 1;� 476/� )6,� 6)::7?�� ?01+0� 1;� /77,� .7:

*47+3� 57>-� )6,� *47+3� <:)6;.-:� 78-:)<176;� *=<� *),� .7:� :)6C

,754A� 7:1-6<-,� >-+<7:;� )6,� :-+<)6/4-;�� $7� )+01->-� )� *-<<-:

8-:.7:5)6+-� *)4)6+-�� ?-� 5),-� =;-� 7.� <0-� 6-@<� .-)<=:-�

• #<78� :-/1;<-:�;841<� <:)6;.-:�� $01;� .-)<=:-� )447?;� <0-� .:)5-
*=..-:� <7� *-� 7:/)61B-,� 16� 8)/-;� <0)<� ):-� 57:-� ;9=):-� <0)6

476/� )6,� 6)::7?�� �7>16/� <7� <01;� 7:/)61B)<176� 158:7>-;� :)6C

,75� >-+<7:� )6,� ;5)44� :-+<)6/4-� 8-:.7:5)6+-� ;1/61.1+)6<4A

?014-� 764A� ;41/0<4A� :-,=+16/� 4):/-� 07:1B76<)4� 8:151<1>-�

8-:.7:5)6+-� �;--� �1/�� 

��
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�
��� ���� �6� 144=;<:)<176� 7.� <0-� 8-:.7:5)6+-� 158:7>-5-6<� 87;;1*4-

=;16/� <0-� 8)/-� 57,-� <7� ?:1<-� 81@-4;� 16<7� <0-� .:)5-� *=..-:�� #01;� -@C

)584-� +758):-;� <0-� 8-:.7:5)6+-� 7.� -)+0� 57,-� ?0-6� 2=;<� .7=:

81@-4;� ):-� <:)6;.-::-,� <7� <0-� .:)5-� *=..-:�

First Pixel

Second Pixel

Third Pixel

Fourth Pixel

First Pixel

Second Pixel

Third Pixel

Fourth Pixel

Time

11 Cycles
137.5 ns

3 Cycles
37.5 ns

for Each
Pixel

11 Cycles
137.5 ns

11 Cycles
137.5 ns

11 Cycles
137.5 ns

11 Cycles
137.5 ns

Total
20 Cycles

250 ns at 80 MHz

Total
44 Cycles

550 ns at 80 MHz

Page Mode Nonpage Mode

• �47+3� ?:1<-�� �;� 5-6<176-,� -):41-:�� 78-:)<176;� ;=+0� );� <-@<

)6,� :-+<)6/=4):� .144� .:-9=-6<4A� :-9=1:-� 764A� 76-� 7:� <?7� +747:;

<7� *-� ;-4-+<-,� 76� )� 8-:C81@-4� *);1;�� �7:� <01;� :-);76� %!��;

8:7>1,-� )� 57,-� �>1)� )� ;16/4-� *1<�� 16� ?01+0� )� 81@-4�;� +747:

+)6� *-� ;-4-+<-,� .:75� )6� �C*1<� .7:-/:7=6,� 7:� *)+3/:7=6,

+747:� ;<7:-,� 16� <0-� %!��;�� #01;� <:)6;4)<-;� 16<7� )6� �×� 8-:.7:C
5)6+-� 158:7>-5-6<� .7:� <0-;-� <A8-;� 7.� 78-:)<176;�

#0-� /:)801+;� +018�;� 8-:.7:5)6+-� 1;� ;=55):1B-,� 16� #)*4-� ��

#0-� <)*4-� +758):-;� <0-� 8-:.7:5)6+-� 7.� <0-� /:)801+;� +018� )<

1<;� <0-7:-<1+)4� 0):,?):-� 4151<� <7� 1<;� 8-:.7:5)6+-� 16� ��C��B

)6,� ��C��B� �7,-4� �	
� ?7:3;<)<176;� )6,� <0-� �7,-4� �
�

�!'�� #0-� .16)4� :7?� 16� #)*4-� ��� '5):3�� 1;� )6� 16,=;<:AC;<)6,):,

5-<:1+� <0)<� 1;� )6� )>-:)/-� 7.� ;->-:)4� 0=6,:-,� '� &16,7?� "A;C

<-5� <-;<;�

�7<-� <0)<� <0-� /:)801+;� +018�;� 0):,?):-� 4151<� 1;� ;1/61.1+)6<4A

01/0-:� <0)6� <0-� �7,-4� �	
� ;A;<-5� 8-:.7:5)6+-� 4151<;�� #01;

0-),:775� 5-)6;� <0)<� .=<=:-� ;A;<-5;� ?1<0� 01/0-:� 4->-4;� 7.

� $� 8-:.7:5)6+-� 7:� ->-6� 57:-� 01/04A� <=6-,� ;7.<?):-� ,:1>-:;

?144� *-� +)8)*4-� 7.� ->-6� *-<<-:� ?16,7?� ;A;<-5� 8-:.7:5)6+-�

Table I
Summary of the Graphics Chip’s Performance

Benchmark Hard-
ware
Limit

Model
712/80

Model
712/60

CRX
720

�47+3� <:)6;.-:� �C*1<�

81@-4;�;� �.:)5-� *=..-:� <7

;A;<-5� 5-57:A�

��� � ��� � 

� � �
� �

�47+3� <:)6;.-:� �C*1<�

81@-4;�;� �;A;<-5� 5-57:A

<7� .:)5-� *=..-:�


�� � �� �� � 
� �

�47+3� 57>-� 81@-4;�;

�.:)5-� *=..-:� <7� .:)5-

*=..-:�� 
��� *A� 
��� 81@-4;�

��� � ��� � �	� � ��� �

%-+<7:;�;� �	�C81@-4�� '

+75841)6<�


�	� � 	��� � 	�	� � 	�	� �

#-@<� +0):)+<-:;�;� ��� *A

	�� 81@-4;�+0):)+<-:�

	��� � ��	� 3 ��
� 3 
�
� 3

!-+<)6/4-;�;� �	�� *A� 	�

81@-4;�:-+<)6/4-�

	��� � ���� 3 
��� 3 
��� 3

'5):3 D ��� ��� 
��

�������
��� ���
�
��	�
��

�-A76,� 158:7>16/� 8-:.7:5)6+-� )6,� ,:78816/� +7;<� ;=*;<)6C

<1)44A� 1<� ?);� )6� 1587:<)6<� /7)4� <7� 16+4=,-� =;-.=4� 6-?� .=6+C

<176)41<A� 16� <0-� /:)801+;� +018�� �-47?� ):-� ;75-� 7.� <0-� 57:-

1587:<)6<� ),,1<176;�

Software Video Support. �6-� 7.� <0-� ,-;1/6� /7)4;� .7:� <0-� �7,-4
�	
� ?);� <7� *-� )*4-� <7� 84)A� � ��� )6,� ��
�	� >1,-7� ;-C

9=-6+-;� ?1<07=<� -@8-6;1>-� 0):,?):-� )++-4-:)<176�� #0:7=/0

+):-.=4� )6)4A;1;� 7.� <0-� ,-+7,16/� 8:7+-;;� 1<� *-+)5-� +4-):� <0)<

<01;� ?);� 87;;1*4-� )<� .=44� .:)5-� :)<-;� )6,� 01/0� >1;=)4� 9=)41<A

=;16/� )� +75*16)<176� 7.� <0-� .7447?16/� )4/7:1<051+��  �� �	�����

)6,� /:)801+;� -60)6+-5-6<;�

• !-?:1<16/� <0-� ;<)6,):,� ,-+7,-� )4/7:1<05;� <7� 5)3-� <0-5� );

-..1+1-6<� );� 87;;1*4-

• �,,16/� 3-A� 16;<:=+<176;� <7� <0-�  �� �	����

• �584-5-6<16/� ($%C<7C!��� +747:� ;8)+-� +76>-:;176� 16� <0-

/:)801+;� +018�

�
��� ���� �58:7>16/� 8-:.7:5)6+-

?1<0� .:)5-� *=..-:� 8)/-;� <0)<� ):-

57:-� ;9=):-� <0)6� 476/� )6,�

6)::7?�

With Stop Register

Page Is
256 Pixels Wide by

8 Pixels High

Total Cycles to
Draw a 10-Pixel Vector:
11+(4x3)+11+(4x3) = 46

Page

Page

Without Stop Register

Page Is
1024 Pixels Wide by

2 Pixels High

Total Cycles to
Draw a 10-Pixel Vector:

11+(11+3)+(11+3)+(11+3)+(11+3)+11 = 78

Page

Page

Page
Page
Page
Page
Page
Page
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���� �/A6/>>E"+-5+<.� �9?<8+6� � � � � � � ��

����� ���� %2/� �"� �969<� #/-9@/<C

:3:/638/�

Graphics Chip

HP Color
Recovery
Encode

True Color
Primitive or
Bitmap Data

24 Bits

8 Bits

HP Color
Recovery
Decode

8 Bits

Frame Buffer
(8 Bits per Pixel)

24 Bits Color
Lookup

Table and
DAC

Analog RGB True Color
Image

Monitor

*&'� /8-9.381� 3=� ?=/.� 38� 7+8C� @3./9� 09<7+>=�� �>� +669-+>/=

:<9:9<>398+>/6C� 79</� ,3>=� >9� /8-9./� >2/� ,<312>8/==� 9<� 6?73E

8+8-/� �*�� 90� >2/� 37+1/�� +8.� 0/A/<� ,3>=� >9� </:</=/8>� >2/� -969<

�&'�� 38� >2/� 37+1/�� $38-/� >2/� 2?7+8� /C/� 3=� 79</� =/8=3>3@/� >9

,<312>8/==� >2+8� -969<�� >23=� 3=� +8� /003-3/8>� =-2/7/�� �9A/@/<�

=38-/� >2/� 1<+:23-=� -23:�=� 0<+7/� ,?00/<� 3=� =>9</.� 38� #��� 09<E

7+>�� +� -98@/<=398� 0<97� *&'� >9� #��� 3=� 8/-/==+<C�

%23=� -98@/<=398� 3=� +� 199.� /B+7:6/� 90� +8� 9:/<+>398� >2+>� A+=

</6+>3@/6C� /B:/8=3@/� 38� =90>A+</� �+� �E,CE�� 
�E,3>� 7+><3B� 7?6>3E

:6C�� ,?>� =37:6/� >9� .9� 38� >2/� >2/� 1<+:23-=� -23:� 2+<.A+</�� %23=

=37:6/� +..3>398� +698/� 37:<9@/=� @3./9� :6+C,+-5� :/<09<7+8-/

,C� +=� 7?-2� +=� �	�� +8.� 2/6:=� /8+,6/� 0?66� �	E0<+7/�=

��	E,CE���E:3B/6� </=96?>398� �"��� :6+C,+-5� 98� +� �9./6

�
���	�

HP Color Recovery. %2/� 1<+:23-=� -23:� 38-9<:9<+>/=� +� 8/A� .3=E
:6+C� >/-289691C� -+66/.� �"� �969<� #/-9@/<C�� &=381� +� 69AE-9=>

�E,3>� 0<+7/� ,?00/<� +8.� �"� �969<� #/-9@/<C�� >2/� 1<+:23-=� -23:

-+8� .3=:6+C� 37+1/=� >2+>� +</� 38� 7+8C� -+=/=� @3=?+66C� 38.3=>38E

1?3=2+,6/� 0<97� >29=/� 90� +� �
E,3>� 0<+7/� ,?00/<� -9=>381� >2<//

>37/=� 79</�� %23=� 0/+>?</� 3=� ?=/0?6� 09<� >2/� 09669A381� +::63-+E

>398� +</+=�

• '3=?+6� 7?6>37/.3+� ��"���� �"���� />-��
• $2+./.� 7/-2+83-+6� ���� 79./6=
• �/91<+:23-+6� 37+1381� =C=>/7
• �9-?7/8>� 37+1/� 7+8+1/7/8>
• '3=?+63D+>398
• �312E;?+63>C� ,?=38/==� 1<+:23-=�

�� ,69-5� .3+1<+7� 90� >2/� �"� �969<� #/-9@/<C� :3:/638/� 3=� =29A8

38� �31�� 
��

%2/� �"� �969<� #/-9@/<C� /8-9.381� =-2/7/� -+?=/=� 89� 69==� 90

:/<09<7+8-/� 09<� </8./<381� 9:/<+>398=� +8.� 3=� </6+>/.� >9� ><+.3E

>398+6� 9<./</.� .3>2/<381�� �3>2/<381� 3=� A3./6C� ?=/.� >9� +::<9B3E

7+>/� +� 6+<1/� 8?7,/<� 90� -969<=� A3>2� +8� �E,3>� 0<+7/� ,?00/<� +8.

3=� +6=9� +@+36+,6/� 38� >2/� 1<+:23-=� -23:�

%2/� �"� �969<� #/-9@/<C� ./-9./� 3=� 7?-2� 79</� =9:23=>3-+>/.

+8.� ,+=/.� 98� +.@+8-/.� =318+6� :<9-/==381� >/-283;?/=�� %23=

-3<-?3><C� -C-6/=� +>� 
��� ��D� +8.� +-23/@/=� 9@/<� �� ,366398� 9:E

/<+>398=� :/<� =/-98.�� �"� �969<� #/-9@/<C� 3=� ./=-<3,/.� 38� 79</

./>+36� 38� >2/� +<>3-6/� 98� :+1/� �
�

Multiple Color Lookup Tables. %C:3-+66C�� /8><CE6/@/6� A9<5=>+>398
+8.� :/<=98+6� -97:?>/<� 1<+:23-=� =?,=C=>/7=� 2+@/� 2+.� 986C� +

=3816/� -969<� 6995?:� >+,6/� A3>2� +� 6373>/.� 8?7,/<� 90� /8><3/=�

?=?+66C� ����� �8� >2/� )� (38.9A� $C=>/7� >23=� </=?6>=� 38� >2/� +8E

89C381� 06+=2381� 90� ,+-51<9?8.=� 9<� A38.9A� -98>/8>=� A2/8� +

8/A� +::63-+>398� 3=� =>+<>/.� >2+>� >+5/=� -969<=� 0<97� /B3=>381

+::63-+>398=�� %2/� 1<+:23-=� -23:� =96@/=� >23=� :<9,6/7� 38� +� 7+E

49<3>C� 90� -+=/=� ,C� :<9@3.381� >A9� ���E/8><C� -969<� 7+:=�� �9<

79=>� 38>/<+->398=� 38� A23-2� >2/� ?=/<� 3=� 09-?=/.� 98� +� =3816/

+::63-+>398� +8.� >2/� A38.9A� 7+8+1/<�� >23=� -97:6/>/6C� /6373E

8+>/=� >2/� </=9?<-/� -98>/8>398� +8.� </=?6>=� 38� +� @3=?+66C� =>+,6/

=-<//8� �=//� �31�� 
���

Software Programmable Resolutions. !8/� 90� >2/� :<9,6/7=� 90
:+=>� A9<5=>+>398� 1<+:23-=� =?,=C=>/7=� 3=� >2+>� >2/C� 9:/<+>/� +>

+� 03B/.� @3./9� </=96?>398� +8.� </0</=2� <+>/�� %23=� 2+=� :9=/.

:<9,6/7=� 38� -98031?<381� =C=>/7=� +>� >2/� 0+->9<C� +8.� .?<381

-?=>97/<� ?:1<+./=�� %2/� 1<+:23-=� -23:� 38-9<:9<+>/=� +8� +.E

@+8-/.� .313>+6� 0</;?/8-C� =C8>2/=3D/<� >2+>� 1/8/<+>/=� >2/

-69-5=� 8/-/==+<C� 09<� >2/� @3./9� =?,=C=>/7�� %23=� =C8>2/=3D/<�

,+=/.� 98� �"� :<9:<3/>+<C� .313>+6� :2+=/E69-5/.� 699:� >/-2896E

91C�� +669A=� =90>A+</� -98031?<+,363>C� 90� >2/� </=96?>398� +8.

0</;?/8-C� 90� >2/� @3./9� =318+6�� %2?=�� +6>/<8+>/� 7983>9<=� -+8� ,/

-988/->/.� A3>29?>� -2+81381� +8C� @3./9� 2+<.A+</�� �?<</8>6C

=?::9<>/.� -98031?<+>398=� 38-6?./�

• �
	� ,C� 
�	� :3B/6=� �	� �D�� =>+8.+<.� '�$�� >37381
• �		� ,C� �		� :3B/6=� �	� �D
• 
	�
� ,C� 
	�
� :3B/6=� ��� �D� +8.� 06+>� :+8/6
• 
��	� ,C� 
	�
� :3B/6=� ��� �D�

�=� 8/A� 7983>9<� >37381=� +::/+<�� >2/� 1<+:23-=� -23:� -+8� =37E

:6C� ,/� </:<91<+77/.� A3>2� >2/� :+<+7/>/<=� +==9-3+>/.� A3>2

>2/� 8/A� 7983>9<�

	���
��

(/� -</+>/.� >2/� 1<+:23-=� -23:� A3>2� >2/� :2369=9:23/=� 90� =C=>/7E

6/@/6E9:>373D/.� ./=318� +8.� 9:>37+6� ?=/� 90� >/-289691C�� %23=

/8+,6/.� ?=� >9� 7//>� 9?<� 19+6=� 90� @/<C� 69A� 7+8?0+->?<381

-9=>�� 6/+./<=23:� :/<09<7+8-/� +>� 9?<� -9=>� :938>�� +<-23>/->?<+6

-97:+>3,363>C�� +8.� 38><9.?->398� 90� =97/� 37:9<>+8>� 8/A

0?8->398+63>C�

�������
���
���

%23=� :+:/<� ,<3/06C� =?77+<3D/=� >2/� A9<5� 90� 7+8C� ./.3-+>/.

+8.� -</+>3@/� 7/7,/<=� 90� >2/� 1<+:23-=� -23:� ./@/69:7/8>� >/+7

38� >2/� 1<+:23-=� 2+<.A+</� +8.� =90>A+</� 6+,9<+>9<3/=� 38� �9<>

�96638=� +8.� >2/� �8>/1<+>/.� �3<-?3>=� �?=38/==� �3@3=398�� �+8C

>2+85=� >9� �+<<C� �+/@/<=>+.�� %98C� �+<5+8=�� #+4� �+=?./@�

�+6/� �/?-6/<�� #+8.� �<311=�� �9/6� �?-5E�/816/<�� �35/� �3/26�

�6/=� �3+6+�� #+8.C� �3=-?=�� �+@/� �+3>6+8.�� �9,� �+86/C�� �+@/

�-�663=>/<�� "/>/<� �/3/<�� �928� �/>D8/<�� �<3+8� �366/<�� �9<.98

�9>6/C�� �989@+8�  3-5/6�� �+>2C� "03=>/<�� �+<<C� %2+C/<�� �<+.

#/+5�� �+6� $/631�� �+7/=� $>/A+<>�� +8.� �+C@38� $>981� 09<� >2/3<

/B-/:>398+6� /009<>=�



��� � � � � � � �,-&(� ����� �"1("//5�� '�-!� �+0-*�(   Hewlett-Packard Company 1995

�
��� ���� �+),�-&.+*� �"/1""*

.&*$("� �*!� )0(/&,("�  +(+-� (++'0,

/��(".�� ���� �*"�  +(+-� (++'0,

/��("�� ���� �1+�  +(+-� (++'0,

/��(".�

(a)

(b)

�
�
�
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�

��� ��� �%+!"*� �*!� ��� �&( +2�� 4��-!1�-"� �  "("-�/&+*� #+-� �&*!+1

�3./").��� ������������ ��� ��		���
� ����� ��� ����! ��� 	��������� �+(�

	
�� *+�� ��� �0(3� ������ ,�� 
��

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

/"-��� ��
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HP Color Recovery is a technique that brings true color capability to
interactive, entry-level graphics devices having only eight color planes.
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In this paper the term true color is used to define color reproduction such that the
underlying digital quantization of the color within an image is not discernable by
the human eye. In other words a continuous spectrum of color, such as in a rain-
bow, can be be displayed so that the color appears to vary continuously across the
image. In most computer graphics systems this is accomplished using 24 bits of
color information per pixel. With 24 bits, any single pixel can be displayed at one
of 224 (16.7 million) colors.

Some graphics systems may define true color to be represented by less than 24
bits per pixel.
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83� -009786%8)� 8,)� 463&0)1� 3*� )(+)� ()8)'8-32� %2(� 8,)� ;%=� 8,)

463&0)1� -7� %((6)77)(� -2� ��� �3036� �)'3:)6=�

�7� -2� �-+�� ��� )%',� &3<� 6)46)7)287� %� 4-<)0� 03'%8-32� 32� 8,)� (-7>

40%=� 7'6))2�� �2� �-+�� �%� 8,)� 291&)67� 6)46)7)28� 8,)� 36-+-2%0

869)� '3036� (%8%� *36� 32)� 3*� 8,)� '3036� '31432)287� �)�+��� 6)(�� -2

%� ��>&-8� 4)6� 4-<)0� 7=78)1�� �-+�� �&� 7,3;7� 8,)� 7%1)� 6)+-32

%*8)6� 7-140)� (-8,)6-2+� ,%7� &))2� %440-)(�� �-+�� �'� 7,3;7� 8,)

4-<)0� :%09)7� %*8)6� 8,)� %440-'%8-32� 3*� ��� �3036� �)'3:)6=�� �-+�

�'� 4-<)0� :%09)7� 6)46)7)28� 8,)� '3036� (%8%� 8,%8� ;390(� &)� (-7>

40%=)(� 32� 8,)� '31498)6� 7'6))2�

�)+-32� �� -2� )%',� 3*� 8,)7)� *-+96)7� -7� %2� %6)%� 3*� '3278%28� '3036�

;,)6)%7� 6)+-32� �� )2'314%77)7� %2� )(+)�� �36� -009786%8-32� 496>

437)7�� 8,)� (-8,)6� 6)+-32� -7� %+%-2� %7791)(� 83� &)� �� ×� �� 4-<)07�

�,)� (-8,)6)(� '3036� (%8%� 7,3;2� -2� �-+�� �&� -7� ()6-:)(� *631� 8,)

36-+-2%0� '3036� (%8%� 7,3;2� -2� � �-+�� �%� %2(� *631� 97-2+� 8,)� 7-1>

40)� (-8,)6-2+� 8)',2-59)� ()7'6-&)(� -2� '322)'8-32� ;-8,� �%&0)

��� �,)� (%8%� 7,3;2� -2� �-+�� �&� -7� ;,%8� ;390(� &)� 7836)(� -2� 8,)

*6%1)� &9**)6� %2(� (-740%=)(� -2� %� 8=4-'%0� (-8,)6)(� 7=78)1� �)�+��

�-+�� �&��

!,)2� -8� -7� 8-1)� 83� (-740%=� Pix_1 � 8,)� (%8%� *36� 8,)� *396� 4-<)07
7,3;2� %7� �)+-32� �� -2� �-+�� �&� ;390(� &)� 7)28� 83� 8,)� *-08)6�� �,)

(%8%� 7836)(� -2� 8,)� 6)+-32� ;390(� &)� 7911)(� %2(� 8,)2� (->

:-()(� &=� 8,)� 291&)6� 3*� 4-<)07� -2� 8,)� 6)+-32�� �,)� 791� 3*� 8,)

4-<)07� -2� �)+-32� �� -7� ��� %2(� ��	�� �� ������ �,97�� 8,)� 398498� 3*

8,)� *-08)6� ;,)2� ):%09%8-2+� Pix_1 � ;390(� &)� ������ �,-7� 398498
:%09)� ;390(� &)� (-740%=)(� 32� 8,)� '31498)6� (-740%=� %8� Pix_1�7

3 3 3 6 6 6

2 3 2 7 6 7

3 3 3 6 6 6

Region A Region B

Pix_1 Pix_2 Pix_3 Pix_4 Pix_5 Pix_6

2.75 2.75 2.75 6.25 6.25 6.25

2.75 2.75 2.75 6.25 6.25 6.25

2.75 2.75 2.75 6.25 6.25 6.25

Region A Region B

2.75 2.75 2.50 6.25 6.25 6.25

2.75 2.75 2.50 6.25 6.25 6.25

2.75 2.75 2.50 6.25 6.25 6.25

Region A Region B

Pix_3

(a)

(b)

(c)
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�&�� �,)� '3036� (%8%� *631� �-+�� �%� %*8)6� -8� ,%7� &))2� (-8,)6)(� %2(� 40%')(

-2� 8,)� *6%1)� &9**)6�� �,-7� ;390(� &)� 8,)� (%8%� (-740%=)(� -2� %� 8=4-'%0

(-8,)6)(� 7=78)1� ;-8,� 8,)� 6)7908� %44)%6-2+� %7� -2� �-+�� �&�� �'�� �,)� 4-<>

)07� *631� �-+�� �&� %*8)6� %440=-2+� ��� �3036� �)'3:)6=�
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3*� 8,)� 36-+-2%0� (%8%� %8� 8,%8� 43-28� -2� �-+�� �%�
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�,)� *-08)6� 6)+-32� *36� ):%09%8-2+� Pix_2 � ;390(� -2'09()� 8,)� 8;3
6-+,81378� 4-<)07� 3*� 6)+-32� �� %2(� 8,)� 8;3� 0)*81378� 4-<)07� 3*

6)+-32� �� �7))� �-+�� �&��� �440=-2+� 8,)� *-08)6� 34)6%8-32� *36� Pix_2
%+%-2� 6)79087� -2� 8,)� 398498� :%09)� 1%8',-2+� 8,)� :%09)� %8� 8,%8

03'%8-32� -2� �-+�� �%� �������

�*� 8,)� ):%09%8-32� -7� (32)� 32� Pix_3�� 8,)� 4-<)07� -2� 6)+-32� �
;390(� &)� 7911)(� %2(� 8,)2� (-:-()(� &=� 8,)� 291&)6� 3*� 4-<)07

-2� 8,)� 6)+-32�� %2(� 8,)� 6)7908� ;390(� &)� ���
�� �,-7� :%09)� -7

:)6=� (-**)6)28� *631� 8,)� 36-+-2%0� (%8%� :%09)� 3*� ����� -2� �-+�� �%�

 7-2+� 8,)� :%09)� 3*� ���
� %8� Pix_3 � ;390(� 6)7908� -2� )(+)� 71)%6>
-2+�� �3� 730:)� 8,-7� 463&0)1� %� 74)'-%0� )(+)� ()8)'836� 8,%8� 033/7

*36� )(+)7� -2� 23-7=� (%8%� -7� 97)(�� �,)� -()%� -7� 83� '314%6)� )%',

4-<)0� -2� 8,)� *-08)6� 6)+-32� ;-8,� %� :%09)� 8,%8� -7� ;-8,-2� ±�� 3*� 8,)
4-<)0� &)-2+� ):%09%8)(�� �-2')� 8,)� (%8%� 7836)(� %8� Pix_3 � -7� %� 
�
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/.,9� 0*8&,3� 7*4)*.� 2&(*/.� �� 4)"4� )"6&� "� 6",5&� /'� 	�� 
�� /2� �

7/5,%� 0"33� 4)&� &%(&� $/-0"2&��  )&� 6",5&3� 4)"4� 0"33� 4)&� &%(&

%&4&$4/2� "2&� 4)&.� 35--&%� ".%� 4)&� 4/4",� *3� %*6*%&%� #9� 4)&

.5-#&2� /'� 0*8&,3� 4)"4� 0"33� 4)&� &%(&� $/-0"2&�� �/2� Pix_3�� /.,9
Pix_3 � ".%� 4)&� 0*8&,� #&,/7� *4� 7/5,%� 0"33� 4)&� &%(&� %&4&$4/2�
�5--*.(� 4)&� 47/� 0"33*.(� 6",5&3� 4/(&4)&2� ".%� %*6*%*.(� #9� 	

(*6&3� "� 2&35,4� /'� 	�����  )*3� 6",5&� *3� 3,*()4,9� %*''&2&.4� '2/-� 4)&

/2*(*.",� 6",5&� /'� 	����� #54� *4� *3� "� #&44&2� &34*-"4*/.� 4/� 4)&� /2*(:

*.",� 4)".� 4)&� ����� /#4"*.&%� 7*4)/54� 4)&� &%(&� %&4&$4*/.��  )&

%*30,"9&%� 6",5&3� '/2� 4)&� &.4*2&� &8"-0,&� 2&(*/.� "2&� 3)/7.� *.

�*(�� �$�

�����	��� �����
��	�����

�*.$&� %*4)&2&%� '2"-&� #5''&23� "2&� *.� $/--/.� 53&� 4/%"9�� -".9

&8*34*.(� 3/'47"2&� "00,*$"4*/.3� $".� 7/2+� 7*4)� "� %*4)&2&%

'2"-&� #5''&2�� �,,� /'� 4)&3&� "00,*$"4*/.3� $/5,%� 7/2+� 7*4)� ��

�/,/2� �&$/6&29�

�.� 02/%5$43� 4)"4� 53&� 4)&� �/%&,� ��	�3� (2"0)*$3� $)*0�� 7)*$)

*3� %&3$2*#&%� *.� 4)&� "24*$,&� /.� 0"(&� �
�� ".%� ���3� �90&2%2*6&

����!��� ��� �/,/2� �&$/6&29� *3� 3500/24&%�� �.� 4)&3&� 02/%5$43

7&� )"6&� $)/3&.� 4/� )"6&� ��� �/,/2� �&$/6&29� &."#,&%� "3� 4)&

%&'"5,4� '/2� 
�� "00,*$"4*/.3� 25.� *.� ".� &*()4:#*4� 6*35",� &.6*2/.:

-&.4��  )53� 7)&.� 53*.(� 4)&� 
�� (2"0)*$3� ,*#2"2*&3� �4"2#"3&�

������� /2� ��!,*#�� ".%� /0&.*.(� ".� "00,*$"4*/.� *.� ".� &*()4:#*4

6*35",� &.6*2/.-&.4� 7*4)� 425&� $/,/2� -/%&�� ��� �/,/2� �&$/6&29

7*,,� ./2-",,9� #&� &."#,&%�� �'� $/523&�� 3&44*.(� ".� "00,*$"4*/.

4/� 53&� "� 03&5%/� $/,/2� -"0� 7*,,� %*3"#,&� ��� �/,/2� �&$/6&29

".%� (*6&� 4)&� "00,*$"4*/.� 4)&� %&3*2&%� 03&5%/� $/,/2� $"0"#*,*49�

�&$"53&� !,*#� *3� 4*&%� *.4/� 4)&� 03&5%/� $/,/2� -/%&,� 2"4)&2� 4)".

4)&� 
�� ,*#2"2*&3�� !,*#� "00,*$"4*/.3� ,&"6&� ��� �/,/2� �&$/6&29

/''� #9� %&'"5,4�� �/7&6&2�� "� -&$)".*3-� *3� 3500/24&%� 4)"4

",,/73� ��� �/,/2� �&$/6&29� 4/� #&� &."#,&%� 7)&.� 53*.(� !,*#��

 )&� #*((&34� $)".(&� *3� 4)"4� !,*#� "00,*$"4*/.3� -534� %/� 4)&*2

/7.� %*4)&2*.(�

���������	����

 )&� *-0,&-&.4"4*/.� /'� ��� �/,/2� �&$/6&29� 7"3� #"3&%� /.� 4)&

"335-04*/.� 4)"4� $/,/2� 2&$/6&29� 7/5,%� #&� -/34� 53&'5,� *.

&.429:,&6&,� (2"0)*$3� 02/%5$43�� �.429:,&6&,� (2"0)*$3� 02/%5$43

"2&� %&'*.&%� "3� 02/%5$43� *.� 7)*$)� 4)&2&� *3� 34/2"(&� '/2� /.,9� �

#*43� 0&2� 0*8&,� *.� 4)&� '2"-&� #5''&2��  )&3&� 3"-&� 02/%5$43� 4)"4

#&.&'*4� 4)&� -/34� '2/-� ��� �/,/2� �&$/6&29� "2&� ",3/� 4)&� /.&3

7)&2&� 02/%5$4� $/34� -534� #&� $"2&'5,,9� $/.42/,,&%��  )&2&'/2&�

4)&� *-0,&-&.4"4*/.� &''/24� 7"3� %2*6&.� 7*4)� "� 342/.(� 3&.3&� /'

$/34� 6&2353� &.%� 53&2� #&.&'*4�

Dither Table Shape. � �3� -&.4*/.&%� &"2,*&2�� 4)&� %*4)&2� 2&(*/.
3)"0&� 53&%� 7*4)� ��� �/,/2� �&$/6&29� *3� 	� ×� �
��  )&� /04*-5-
3)"0&� 7/5,%� #&� $,/3&2� 4/� 315"2&�� 35$)� "3� �� ×� ��� �/7&6&2�� 4)&
'*,4&2� $*2$5*4� .&&%3� 34/2"(&� '/2� 4)&� 0*8&,3� 7*4)*.� 4)&� 2&(*/.�� �

	� ×� �
� $*2$5*4� 2&15*2&3� 4)"4� 4)&� $522&.4� 3$".� ,*.&�3� 0*8&,� ".%
4)&� %"4"� '/2� 4)&� 3$".� ,*.&� "#/6&� #&� "6"*,"#,&��  )*3� -&".3

4)"4� "3� %"4"� '/2� ".9� 3$".� ,*.&� &.4&23� 4)&� $*2$5*4�� *4� *3� 53&%� 4/

&6",5"4&� 0*8&,3� /.� 4)&� $522&.4� 3$".� ,*.&�� �.� "%%*4*/.�� 4)&� %"4"

*3� 3"6&%� *.� "� 3$".� ,*.&� #5''&2� 3/� *4� $".� #&� 53&%� 7)&.� &6",5"4:

*.(� 4)&� 0*8&,3� /.� 4)&� .&84� 3$".� ,*.&� �3&&� �*(�� ���� �4� 3)/5,%� #&

./4&%� 4)"4� 4)&� 34/2"(&� '/2� "� 3$".� ,*.&� /'� %"4"� 53&3� "002/8*:

-"4&,9� /.&� )",'� /'� 4)&� $*2$5*4� "2&"� *.� 4)&� $522&.4� *-0,&-&.:

4"4*/.��  )&2&'/2&�� *'� "� �� ×� �� 2&(*/.� )"%� #&&.� 53&%�� 4)2&&� 3$".

Adder Tree

Data Out

Scan Line Buffer

X

2    16 Register Array (Clocked at the Pixel Clock Rate)

Logic
in Each
Cell Is
Shown
in Fig. 6.

Data from
Previous
Scan Line

Current
Scan Line

Summation
Logic for

Equation 1

Logic for
Inner Loop of

Equation 1

Data
from

Frame
Buffer

X = Pixel Being Evaluated

��
�� ��� �� #,/$+� %*"(2"-� /'� 4)&� ��� �/,/2� �&$/6&29� '*,4&2� $*2$5*4�
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�
��� �� A simplified representation of the logic circuitry that exists
in each of the logic blocks in Fig. 5.

To Adder
Tree

Compare +1 or –1 MUX

Data for Pixel Being Evaluated
(Stored in the Register Marked
with an X in Fig. 5)

Data for
Pixel in
Region

If data from the pixel in the region is
within +1 or –1 of the pixel being
evaluated  then pass it to the adder
tree. Otherwise, send a copy of the
pixel being evaluated to the adder
tree.

2/4+� (;,,+89� =5;2*� .'<+� (++4� 8+7;/8+*�� '2359:� *5;(2/4-� :.+

)59:� 5,� :.+� ��� �5258� !+)5<+8?� 25-/)�

Filter Function Logic. �9� +>62'/4+*� +'82/+8�� :.+� ��� �5258� !+A
)5<+8?� ,/2:+8� ,;4):/54� '<+8'-+9� :.+� *':'� =/:./4� '� 8+-/54� (?

9;33/4-� :.+� *':'� ,58� :.+� 6/>+29� :.':� 6'99� '4� +*-+� )536'8+

56+8':/54�� #.+� 9;3� /9� :.+4� */</*+*� (?� :.+� 4;3(+8� 5,� 6/>+29

:.':� 6'99� :.+� +*-+� )536'8+�� #?6/)'22?�� (;/2*/4-� :.+� 25-/)� ,58

'� ,/2:+8� ,;4):/54� 2/1+� :./9� /9� */,,/);2:� '4*� )59:2?� (+)';9+� /:� 8+A

7;/8+9� '� */</*+� )/8);/:� 8;44/4-� ':� :.+� </*+5� )25)1� 8':+� 5,� 	�


��@�� #.+� ��� �5258� !+)5<+8?� ,/2:+8� ,;4):/54� /9� /362+3+4:+*

95� :.':� :./9� /9� 45:� '� 685(2+3�

#.+� /362+3+4:':/54� *+:'/29� 5,� :.+� ,/2:+8� ,;4):/54� '8+� )5362+>�

�5=+<+8�� /,� =+� /-458+� :.+� ./-.A96++*� 6/6+2/4+� /99;+9� '4*

953+� 3/458� '*0;9:3+4:9� 8+7;/8+*� :5� 56:/3/@+� /3'-+� 7;'2/:?�

=+� )'4� 8+*;)+� :.+� /362+3+4:':/54� 5,� :.+� ,/2:+8� ,;4):/54� :5

:.+� ,5225=/4-� +7;':/54�

�
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i�0

�Frame_Buffer_Datai��Wi� � (Evaluated_Pixel)�W1
� �	�

=.+8+� 1� /9� :.+� 4;3(+8� 5,� 6/>+29� /4� :.+� ,/2:+8� '4*� %/� /9� '� ,2'-
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5;:6;:� 5,� :.+� )536'8':58� 9.5=4� /4� �/-�� ��

#.+� /*+'� (+./4*� :./9� +7;':/54� /9� :.':� /,� '� 6/>+2� 6'99+9� :.+
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'� 8+'954'(2+� 9'362+� ':� +').� 25)':/54� :./9� +>:8+3+� )'9+� 8+A

9;2:9� /4� '� 8+'954'(2+� /3'-+� (+/4-� */962'?+*�
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'66+'8� '9� '� 8+*� *5:� /4� :.+� 3/**2+� 5,� '� -8++4� 8+-/54�� �4� 5:.+8

=58*9�� '� 8+'954'(2+� '6685>/3':/54�
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�	�		����� �295� '99;3+� :.+� 9/362+� */:.+8� 3+:.5*� *+9)8/(+*
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With a combination of software and hardware optimizations, including the
availability of PA-RISC multimedia instructions, a software video player
running on a low-end workstation is able to play MPEG compressed video
at 30 frames/s.
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† JPEG is an international digital image compression standard for continuous-tone (multilevel)
still images (grayscale and color).
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X = Luminance (Y)
O = Chrominance (Cb, Cr)
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�47� 9-*� .3;*78*� ).8(7*9*� (48.3*� 97&38+472�� <*� :8*� &� +&89*7

�4:7.*7� 97&38+472�� <-.(-� 8.,3.+.(&391>� 7*):(*8� 9-*� 3:2'*7� 4+

2:19.51.*8� +47� *&(-� 9<4A).2*38.43&1� �A'>A�� .3;*78*� ).8(7*9*

(48.3*� 97&38+472�� �3� &)).9.43�� <*� :8*� 9-*� +&(9� 9-&9� 9-*� �A'>A�

.3;*78*� 97&38+472� 2&97.(*8� &7*� +7*6:*391>� 85&78*� 94� +:79-*7

7*):(*� 9-*� 2:19.51.*8� &3)� 49-*7� 45*7&9.438� 7*6:.7*)�

#-*� � ��� &:).4� )*(4257*88.43� .8� &184� )43*� .3� 84+9<&7*�
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):(*� 9-*� 3:2'*7� 4+� 574(*):7*� (&118� &3)� 7*9:738�� &3)� 9-*

+7*6:*39� ':.1).3,� :5� &3)� 9*&7.3,� )4<3� 4+� (439*=98� 57*8*39

.3� 9-*� 47.,.3&1� � ��� (4)*�� $*� &184� ).)� @897*3,9-� 7*):(9.438�

1.0*� 7*):(.3,� 2:19.51.(&9.438� 94� 8.251*7� 45*7&9.438� 8:(-� &8

8-.+9� &3)� &))� 47� 9&'1*� 1440:5�

#-*� 1&89� (41:23� 4+� #&'1*� �� 8-4<8� 9-*� 5*7(*39&,*� 4+� *=*(:A

9.43� 9.2*� 85*39� .3� *&(-� 4+� 9-*� 8.=� � ��� )*(4257*88.43� 89*58

&+9*7� 9-*� &1,47.9-2� &3)� 84+9<&7*� 9:3.3,� .2574;*2*398� <*7*

2&)*�� #-*� +.789� 9<4� (41:238� 4+� #&'1*� �� 8-4<� 9-*� 2.11.438� 4+

.3897:(9.438� *=*(:9*)� .3� *&(-� 4+� 9-*� 8.=� )*(4257*88.43� 89*58

&3)� 9-*� 5*7(*39� 4+� 9-*� 949&1� .3897:(9.438� *=*(:9*)� �5&9-

1*3,9-�� *&(-� 89*5� 7*57*8*398�� #-*� .35:9� ;.)*4� 8*6:*3(*� <&8

&3� � ��A(4257*88*)� (1.5� 4+� &� +449'&11� ,&2*�� #-*� 949&1� 9.2*

9&0*3� <&8� ���
� 8*(43)8� 43� &3� � � ����� �4)*1� ��
� ��A��?

 �A!�"�� <47089&9.43�� <.9-� 

��� '>9*8� 4+� .3897:(9.43� (&(-*

&3)� 

��� '>9*8� 4+� )&9&� (&(-*�

Table I
Instructions and Time Spent in each MPEG Decompression Step

on an HP 9000 Model 735

Millions of
Instructions

Path Length
(%)

Time (%)
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"'3,)� -%� (,1203"2(-,1� $6$"32$#� �������� 5$0$� 12(**� 2'$� (,4$01$
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2'$+� % 12$0�� �'(1� 0$13*2$#� (,� ,$5� ��9����� .0-"$11-0� (,1203"9

2(-,1� %-0�  ""$*$0 2(,&� +3*2(+$#( � 1-%25 0$�

���	�
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����� ������
�
���

�'$� ,$5� .0-"$11-0� +3*2(+$#( � (,1203"2(-,1� (+.*$+$,2$#� (,

2'$� ��� �
		��� .0-"$11-0�  **-5� 1(+.*$�  0(2'+$2("� -.$0 2(-,1

2-� !$� $6$"32$#� (,� . 0 **$*� -,� 13!5-0#� # 2 � (,� 2'$� 12 ,# 0#

(,2$&$0� # 2 � . 2'�� �,� . 02("3* 0�� 2'$� (,2$&$0� ���� (1� . 02(2(-,$#

1-� 2' 2� (2� " ,� $6$"32$�  � . (0� -%�  0(2'+$2("� -.$0 2(-,1� (,�  

1(,&*$� "7"*$� 5(2'�  � 1(,&*$� (,1203"2(-,�� �'$�  0(2'+$2("� -.$0 9

2(-,1�  ""$*$0 2$#� (,� 2'(1� 5 7�  0$�  ##�� 13!20 "2��  4$0 &$�� 1'(%2

*$%2�  ,#�  ##��  ,#� 1'(%2� 0(&'2�  ,#�  ##�� �'$� * 22$0� 25-� -.$0 9

2(-,1�  0$� $%%$"2(4$� (,� (+.*$+$,2(,&� +3*2(.*(" 2(-,� !7� "-,9

12 ,21�

PA-RISC Multimedia Extensions 1.0.� �'$� ��� �
		��� ��9����
.0-"$11-0� "'(.� "-,2 (,1� 1-+$� (,1203"2(-,1� 2' 2� -.$0 2$� (,#$9

.$,#$,2*7�  ,#� (,� . 0 **$*� -,� 25-� 
�9!(2� # 2 � %($*#1� 5(2'(,�  

��9!(2� 0$&(12$0�� �'$1$� -.$0 2(-,1�  0$� (,#$.$,#$,2� (,� 2' 2� !(21

" 00($#� -0� 1'(%2$#� -32� -%� -,$� -%� 2'$� %($*#1� ,$4$0�  %%$"21� 2'$

0$13*2� (,� 2'$� -2'$0� %($*#�� �'$1$� -.$0 2(-,1� -""30� (,� . 0 **$*� (,

2' 2�  � 1(,&*$� (,1203"2(-,� "-+.32$1� !-2'� 
�9!(2� %($*#1� -%� 2'$

0$13*2�� � !*$� ��� 13++ 0(8$1� 2'$1$� (,1203"2(-,1�

HADD� #-$1� 25-� . 0 **$*� 
�9!(2�  ##(2(-,1� -,� 2'$� *$%2�  ,#� 2'$

0(&'2� ' *4$1� -%� 0$&(12$01� ra �  ,#� rb�� .* "(,&� 2'$� 25-� 
�9!(2� 0$9

13*21� (,2-� 2'$� *$%2�  ,#� 0(&'2� ' *4$1� -%� 0$&(12$0� rt�

HSUB� #-$1� 25-� . 0 **$*� 
�9!(2� 13!20 "2(-,1� -,� 2'$� *$%2�  ,#

0(&'2� ' *4$1� -%� 0$&(12$01� ra �  ,#� rb�� .* "(,&� 2'$� 25-� 
�9!(2� 0$9

13*21� (,2-� 2'$� *$%2�  ,#� 0(&'2� ' *%� -%� 0$&(12$0� rt�

�-2'� HADD�  ,#� HSUB� .$0%-0+� +-#3*-�  0(2'+$2("� �+-#3*31

�
���� 2' 2� (1�� 2'$� 0$13*2� 50 .1�  0-3,#� %0-+� 2'$� * 0&$12� ,3+!$0

! ")� 2-� 2'$� 1+ **$12� ,3+!$0�  ,#� 4("$� 4$01 �� �'(1� (1� 2'$� 313 *

+-#$� -%� -.$0 2(-,� -%� 25-1� "-+.*$+$,2�  ##$01� 5'$,� -4$09

%*-5� (1� (&,-0$#�

HADD�  ,#� HSUB�  *1-� ' 4$� 25-� 1 230 2(-,�  0(2'+$2("� -.2(-,1�

�(2'� 2'$� 1(&,$#� 1 230 2(-,� -.2(-,�� HADD.ss�� !-2'� -.$0 ,#1
 ,#� 2'$� 0$13*2�  0$� "-,1(#$0$#� 1(&,$#� 
�9!(2� (,2$&$01�� �%� 2'$

0$13*2� " ,,-2� !$� 0$.0$1$,2$#�  1�  � 1(&,$#� 
�9!(2� (,2$&$0�� (2� (1

"*(..$#� 2-� 2'$� * 0&$12� .-1(2(4$� 4 *3$� ��

�
�� (%� .-1(2(4$� -4$09

%*-5� -""301�� -0� (2� (1� "*(..$#� 2-� 2'$� 1+ **$12� ,$& 2(4$� 4 *3$

���

�� (%� ,$& 2(4$� -4$0%*-5� -""301�

�(2'� 2'$� 3,1(&,$#� 1 230 2(-,� -.2(-,�� HADD.us�� 2'$� %(012� -.$0 ,#
�ra�� (1� "-,1(#$0$#�  ,� 3,1(&,$#� 
�9!(2� (,2$&$0�� 2'$� 1$"-,#
-.$0 ,#� �rb�� (1� "-,1(#$0$#�  � 1(&,$#� 
�9!(2� (,2$&$0��  ,#� 2'$
0$13*2� �(,� rt�� (1� "-,1(#$0$#�  ,� 3,1(&,$#� 
�9!(2� (,2$&$0�� �%� 2'$
0$13*2� " ,,-2� !$� 0$.0$1$,2$#�  1�  ,� 3,1(&,$#� 
�9!(2� (,2$&$0�� (2

(1� "*(..$#� 2-� 2'$� * 0&$12� 3,1(&,$#� 4 *3$� ��
��
�� (%� .-1(2(4$

-4$0%*-5� -""301�� -0� (2� (1� "*(..$#� 2-� 2'$� 1+ **$12� 3,1(&,$#

4 *3$� �	�� (%� ,$& 2(4$� -4$0%*-5� -""301�

�'$� 1(&,$#� 1 230 2(-,�  ,#� 3,1(&,$#� 1 230 2(-,� -.2(-,1� %-0

. 0 **$*� ' *%5-0#� 13!20 "2(-,�  0$� #$%(,$#� 1(+(* 0*7�

HAVE�� -0� ' *%5-0#�  4$0 &$�� &(4$1� 2'$�  4$0 &$� -%� $ "'� . (0� -%

' *%5-0#1� (,� ra �  ,#� rb�� �2� 2 )$1� 2'$� 13+� -%� . 0 **$*� ' *%5-0#1

 ,#� #-$1�  � 0(&'2� 1'(%2� -%� -,$� !(2� !$%-0$� 12-0(,&� $ "'� 
�9!(2

0$13*2� (,2-� rt�� �30(,&� 2'$� -,$9!(2� 0(&'2� 1'(%2�� 2'$� " 007� (1�

Table II
PA-RISC Multimedia Instructions in PA 7100LC

ra contains a1; a2
rb contains b1; b2
rt contains t1; t2

Instruction Parallel Operation

HADD ra,rb,rt t1 = (a1+b1) mod216;
t2 = (a2+b2) mod216;

HADD.ss ra,rb,rt t1 = IF (a1+b1) � (215–1) THEN (215–1)
ELSEIF (a1+b1) � –215 THEN (–215)
ELSE (a1+b1);

t2 = IF (a2+b2) � (215–1) THEN (215–1)
ELSEIF (a2+b2) � –215 THEN (–215)
ELSE (a2+b2);

HADD.us ra,rb,rt t1 = IF (a1+b1) � (216–1) THEN (216–1)
ELSEIF (a1+b1) � 0 THEN 0
ELSE (a1+b1);

t2 = IF (a2+b2) � (216–1) THEN (216–1)
ELSEIF (a2+b2) � 0 THEN 0
ELSE (a2+b2);

HSUB ra,rb,rt t1 = (a1–b1) mod216;
t2 = (a2–b2) mod216;

HSUB.ss ra,rb,rt t1 = IF (a1–b1) � (215–1) THEN (215–1)
ELSEIF (a1–b1) � –215 THEN (–215)
ELSE (a1–b1);

t2 = IF (a2–b2) � (215–1) THEN (215–1)
ELSEIF (a2–b2) � –215 THEN (–215)
ELSE (a2–b2);

HSUB.us ra,rb,rt t1 = IF (a1–b1) � (216–1) THEN (216–1)
ELSEIF (a1–b1) � 0 THEN 0
ELSE (a1–b1);

t2 = IF (a2–b2) � (216–1) THEN (216–1)
ELSEIF (a2–b2) � 0 THEN 0
ELSE (a2–b2);

HAVE ra,rb,rt t1 = (a1+b1)/2;
t2 = (a2+b2)/2;

HSLkADD ra,k,rb,rt t1 = (a1�k) + b1;
t2 = (a2�k) + b2;
(for k = 1, 2, or 3)

HSRkADD ra,k,rb,rt t1 = (a1�k) + b1;
t2 = (a2�k) + b2;
(for k = 1, 2, or 3)

ss = signed saturation option
us = unsigned saturation

1'(%2$#� (,� -,� 2'$� *$%2�  ,#� 3,!( 1$#� 0-3,#(,&�� (1� .$0%-0+$#� -,

2'$� *$ 1291(&,(%(" ,2� !(2� -,� 2'$� 0(&'2�� �$" 31$� 2'$� " 007� (1

1'(%2$#� (,�� ,-� -4$0%*-5� " ,� -""30� (,� 2'$� HAVE � (,1203"2(-,�

HSLkADD�� -0� ' *%5-0#� 1'(%2� *$%2�  ,#�  ##��  **-51� -,$� -.$0 ,#

2-� !$� 1'(%2$#� *$%2� !7� )� !(21� �5'$0$� )� (1� 
�� ��� -0� ��� !$%-0$

!$(,&�  ##$#� 2-� 2'$� -2'$0� -.$0 ,#�

HSRkADD�� -0� ' *%5-0#� 1'(%2� 0(&'2�  ,#�  ##��  **-51� -,$� -.$09

 ,#� 2-� !$� 1'(%2$#� 0(&'2� !7� )� !(21� �5'$0$� )� (1� 
�� ��� -0� ���� !$9

%-0$� !$(,&�  ##$#� 2-� 2'$� -2'$0� -.$0 ,#�

�-2'� HSLKADD�  ,#� HSRKADD� 31$� 1(&,$#� 1 230 2(-,�

* Unbiased rounding means that the net difference between the true averages and the averages
obtained after unbiased rounding is zero if the results are equally distributed in the result range.
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Saturation Arithmetic. �3� 8'9:7'9/43� '7/9.2+9/)� '� 7+8:19� /8� 8'/*� 94
.';+� '� 548/9/;+� 4;+7,14<� /,� /9� /8� 1'7-+7� 9.'3� 9.+� 1'7-+89� ;'1:+

/3� 9.+� *+,/3+*� 7'3-+� 4,� 9.+� 7+8:19�� �9� /8� 8'/*� 94� .';+� '� 3+-'A

9/;+� 4;+7,14<� /,� /9� /8� 82'11+7� 9.'3� 9.+� 82'11+89� ;'1:+� /3� 9.+

*+,/3+*� 7'3-+� 4,� 9.+� 7+8:19�� �,� 9.+� 8'9:7'9/43� 459/43� /8� :8+*

,47� 9.+� HADD� '3*� HSUB� /3897:)9/438�� 9.+� 7+8:19� /8� )1/55+*� 94
9.+� 2'=/2:2� ;'1:+� /3� /98� *+,/3+*� 7'3-+� /,� 548/9/;+� 4;+7,14<

4)):78� '3*� 94� 9.+� 2/3/2:2� ;'1:+� /3� /98� *+,/3+*� 7'3-+� /,� 3+-A

'9/;+� 4;+7,14<� 4)):78�� $./8� ,:79.+7� 85++*8� :5� 9.+� 574)+88/3-

(+)':8+� /9� 7+51')+8� :8/3-� '(4:9� 9+3� /3897:)9/438� 94� ).+)0� ,47

548/9/;+� '3*� 3+-'9/;+� 4;+7,14<8� '3*� 5+7,4728� 9.+� *+8/7+*

)1/55/3-� 4,� 9.+� 7+8:19� ,47� '� 5'/7� 4,� 45+7'9/438� /3� 43+� /3897:)A

9/43�

#'9:7'9/43� '7/9.2+9/)� /8� ./-.1>� *+8/7'(1+� /3� *+'1/3-� </9.� 5/=+1

;'1:+8�� <./).� 4,9+3� 7+57+8+39� .:+8� 47� )4147� /39+38/9/+8�� �9� /8

:3*+8/7'(1+� 94� 5+7,472� 9.+� 3472'1� 24*:14� '7/9.2+9/)� /3

<./).� 4;+7,14<8� <7'5� '74:3*� ,742� 9.+� 1'7-+89� ;'1:+� 94� 9.+

82'11+89� ;'1:+� '3*� ;/)+� ;+78'�� �47� +='251+�� /3� �A(/9� 5/=+18�� /,


� 7+57+8+398� (1')0� '3*� ���� 7+57+8+398� <./9+�� '� 7+8:19� 4,� ���

8.4:1*� 349� ).'3-+� '� <./9+� 5/=+1� /394� '� (1')0� 43+�� '8� <4:1*

4)):7� </9.� 24*:14� '7/9.2+9/)�� �3� 8'9:7'9/43� '7/9.2+9/)�� '

7+8:19� 4,� ���� <4:1*� (+� )1/55+*� 94� ����

Effect on MPEG Decoding. $.+8+� 5'7'11+1� 8:(<47*� '7/9.A
2+9/)� 45+7'9/438� 8/-3/,/)'391>� 85++*� :5� 8+;+7'1� )7/9/)'1� 5'798

4,� 9.+� �!��� *+)4*+7� 574-7'2�� +85+)/'11>� /3� 9.+� /3;+78+� */8A

)7+9+� )48/3+� 97'38,472� '3*� 249/43� )425+38'9/43� 89+58�� �47+

9.'3� .'1,� 4,� 9.+� /3897:)9/438� +=+):9+*� ,47� 9.+� /3;+78+� 97'38A

,472� 89+5� '7+� 9.+8+� 5'7'11+1� 8:(<47*� '7/9.2+9/)� /3897:)9/438�

$.+/7� /251+2+39'9/43� *4+8� 349� /25')9� 9.+� 574)+8847�8� )>)1+

9/2+�� '3*� '**8� 1+88� 9.'3� 
���� 4,� 8/1/)43� '7+'� 94� 9.+� !�

��

��� 574)+8847� )./5�� �)9:'11>�� 9.+� '7+'� :8+*� <'8� 24891>

+259>� 85')+� '74:3*� 9.+� ��%�� 84� 9.'9� 9.+8+� 2:19/2+*/'� +3A

.'3)+2+398� )'3� (+� 8'/*� 94� .';+� )4397/(:9+*� 94� 247+� +,,/A

)/+39� '7+'� :9/1/?'9/43�� 7'9.+7� 9.'3� '**/3-� /3)7+2+39'1� )./5

'7+'�� #++� @ ;+7;/+<� 4,� 9.+� �251+2+39'9/43� 4,� 9.+� �:19/A

2+*/'� �3.'3)+2+398�� 43� 5'-+� ���

#/3)+� 9.+� !�� ��

��� 574)+8847� .'8� 9<4� /39+-+7� ��%8�� <+

+88+39/'11>� .';+� '� 5'7'11+1/82� 4,� ,4:7� .'1,<47*� 45+7'9/438

5+7� )>)1+�� $./8� -/;+8� '� 85++*:5� 4,� ,4:7� 9/2+8�� /3� 51')+8

<.+7+� 9.+� 8:5+78)'1'7� ��%8� )'3� (+� :8+*� /3� 5'7'11+1�� �+)':8+

4,� 9.+� (:/19A/3� 8'9:7'9/43� '7/9.2+9/)� 459/43�� 85++*:5� 4,� )+7A

9'/3� 5/+)+8� 4,� )4*+� /8� +;+3� -7+'9+7�

������� �������	����

$.+� 8+)43*� 143-+89� ,:3)9/43'1� 89+5� �8++� $'(1+� ��� /3� �!��

*+)4257+88/43� <'8� 9.+� */851'>� 89+5�� �+7+�� <+� 1+;+7'-+*� 9.+

-7'5./)8� 8:(8>89+2� 94� /251+2+39� 9.+� )4147� )43;+78/43� 89+5

94-+9.+7� </9.� 9.+� )4147� 7+)4;+7>� '17+'*>� (+/3-� *43+� /3� 9.+

-7'5./)8� )./5��� �4147� )43;+78/43� )43;+798� (+9<++3� )4147

7+57+8+39'9/438� /3� 9.+� &�(�7� )4147� 85')+� '3*� 9.+� "��� )4147
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One goal in adding the multimedia instructions was to minimize the amount of new
circuits to be added to the existing ALUs and to minimize the impact on the rest of
the CPU. This goal was accomplished. The only circuit changes to the CPU were
in the ALU data path and decoder circuits. These instructions reuse most of the
existing functionality and very small modifications and additions were required to
implement them.

All of the new instructions implemented require two 16-bit adds or subtracts to be
done in parallel. The existing ALU adder was modified to provide this functionality.
These instructions required that the existing 32-bit adder be conditionally split into
two 16-bit halves without sacrificing the performance of the 32-bit add. Conceptu-
ally this is equivalent to blocking the carry from bit 16 to bit 15 in a ripple-carry
adder. To accomplish this, we made the following modifications.

The ALU adder is similar to a carry lookahead adder. The first stage of the adder
calculates a carry generate and a carry propagate signal for each single bit in the
adder. In this case, 32 single-bit generate and 32 single-bit propagate signals are
calculated. These single-bit carry generate and carry propagate signals are used
in subsequent stages of the carry chain to calculate carry generate and carry
propagate signals for groups of bits.

The 32-bit adder was divided into two 16-bit halves between bits 15 and 16 by
providing alternate signals for the carry generate and carry propagate signals
from bit 16 (Fig. 1). The new generate and propagate signals from bit 16 are
created with a two-input multiplexer. When a 32-bit addition or subtraction is being
performed, the multiplexer selects the original generate and propagate signals
to be passed onto the next stage of the carry chain. When 16-bit addition or
subtraction is being performed the multiplexer selects the value for generate and
propagate from the second input which is false (logical 0) for additions and true
(logical 1) for subtractions.

The new generate and propagate signals can be forced to be false for instructions
requiring halfword addition. This stops the carry from being generated by bit 16 or

Fig. 1. Modifications to the carry lookahead adder to accommodate � the halfword � instructions.
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propagating from bit 16 to bit 15, even if this generate and propagate signal is not
used directly to calculate the carry signal (as is the case in this adder). The gener-
ate and propagate signals can also be forced to be true for instructions requiring
halfword subtraction. This will force a carry into the more significant halfword of the
adder by generating a carry from bit 16 into bit 15. This technique is used along
with the ones complement of the operand to be subtracted to perform subtraction
as twos complement addition.

The original carry generate and propagate signals from bit 16 are still generated to
calculate overflows from the less significant halfword addition. This overflow is
used by the saturation logic, which can be invoked by some of these instructions.

Saturation requires groups of bits of the result to be forced to states of true or
false, or passed unchanged. This is accomplished with an AND-OR gate (Fig. 2).
The AND function can force the output of the gate to be false and the OR function
can force the output of the gate to be true. Thus, the output is either forced high,
forced low, or forced neither high nor low. It is never simultaneously forced high
and low. The key is to determine when to force the result to a saturated value.

The saturation circuit is added at the end of the ALU’s data path after the result
selection multiplexer selects one of the results from the adder after it performs
additions, subtractions, or logical operations such as bitwise AND, OR, or XOR
(Fig. 3). The saturation circuit does not impact the critical speed paths of the ALU
because it is downstream from the point where the cache data address is driven
from the adder and where the test condition logic (i.e., logic for conditional branch
instructions) obtains the results from which to calculate a test condition.

If signed saturation is selected, the ALU will force any 16-bit result that is larger
than 0x7fff to 0x7fff (215–1) and any 16-bit result that is smaller than 0x8000 to
0x8000 (–215). These conditions represent positive and negative overflow of
signed numbers. Positive and negative overflow can be detected by examining the
sign bit (the MSB) of each operand and the result of the add. If both operands are
positive and the result is negative then a positive overflow has occurred and the
result in this case is saturated by forcing the most-significant bit to a logical 0 and
the rest of the bits to a logical 1. If both operands are negative and the result is
positive then a negative overflow has occurred and the result in this case is satu-
rated by forcing the most significant bit to a logical 1 and the rest of the bits to a
logical 0. Unsigned saturation is implemented in a similar way.

The average instruction, HAVE, requires manipulating the result after the addition
is finished. Before the implementation of the halfword instructions the ALU se-
lected between the results of a bitwise AND, a bitwise OR, a bitwise XOR, or the
sum of the two input operands. The halfword average instruction adds an addi-
tional choice. The average result is the sum of the two input operands shifted right
one bit position with a carry out of the most-significant bit (MSB) becoming the
MSB of the result. To perform rounding of the result, the least-significant bit (LSB)
of the result is replaced by an OR of the two least-significant bits before shifting
right one bit.

The shift right and add and the shift left and add functions were added by modifying
the x-bus preshifter in the operand selection logic of the ALU. The original ALU was
capable of shifting 32-bit inputs left by zero, one, two, or three bits. To implement
the 16-bit shift left and add instructions, the left-shift circuits had to be broken at
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Fig. 3. Flow of halfword instructions showing the location of the saturation logic in
relation to the ALU.
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the halfword boundary. This was done by ANDing the bits shifted from the least-
significant halfword to the most-significant halfword with a control signal that indi-
cates when a 32-bit shift is being done. The 16-bit shift right and add instructions
were implemented by adding the ability to shift one, two, or three bits right. This
shift is always broken at the halfword boundary.

One challenging aspect of implementing the 16-bit shift left and add instructions
was detecting when the results of shifting an operand left by one, two, or three bits
causes a positive or negative overflow. A positive overflow occurs when the un-
shifted operand is positive and a logical one is shifted out of the left, or when the
result of the shift is negative. A negative overflow occurs when the unshifted oper-
and is negative and a logical zero bit is shifted out of the left, or when the result of
the shift is positive. These overflow conditions are combined with the overflows
calculated by the adder and used to saturate the final result. The final result is
saturated if either the left shift or the adder causes an overflow.

The result of selecting instructions that can provide the most useful functionality
while costing the least to implement was a relatively small increase in the area of
the ALU. About 15% of the ALU’s area is devoted to halfword instructions. Since
the ALU’s circuits were the only ones modified on the processor chip, only about
0.2% of the total processor’s chip area is devoted to halfword instructions.
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Using off-the-shelf parts and a special interface ASIC, an I/O card was
developed that provides voice, fax, and data transfer via a telephone line
for the HP 9000 Model 712 workstation.
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&:).4� +1*=.'.1.9>�� �47� .389&3(*�� 1.3*?.3� &:).4� �5*7-&58� +742� &

��� 51&>*7�� (4:1)� '*� 8*39� 94� 9*1*5-43*� 1.3*� �� <-.1*� 9-*� 5&79>

43� 9-&9� 1.3*� .8� 43� -41)�� !.2:19&3*4:81>�� 9-*� <47089&9.43
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����� ��� �03(/� ).&,6&1� 3+� ��� "*0*?

!-&6*�

Audio Circuit

Data Access
Arrangement

Digital Signal Processor
(ADSP 2101) and SRAM

XBAR Chip

Data Access
Arrangement

Digital Signal Processor
(ADSP2101) and SRAM

I/O LASI Chip
Audio

CODEC
(CS4215)

Bidirectional
Buffer

System

Telephony
Option Card

Stereo
Audio Data

Audio Data and
Control Words

To Telephone
Line 0 To Telephone

Line 1

To Headphones
To Line In
To Microphone

Single
Ended

Differential
Pair

Type (8 Bits)

Data (8 Bits)

Frame Sync

Frame Sync

Address 16 Bits

Data 16 Bits

RJ-14
Connector

Two 8-Bit
Parallel Ports
to Boot ROM

CODEC
(AD28msp01)

CODEC
(AD28msp01)

SPORT1 SPORT0

SPORT1
Control Lines,
Hook Status,

Ring Indicator,
etc.

SPORT0

97*6� (390)� '*� (32:*67.2,� ;.8-� 36� +&<.2,� &� 1*77&,*� 83� 8-*

4&68=� 32� 8*0*4-32*� 0.2*� 	�� �96.2,� 8-.7� 8.1*� (311*287� +631

8-*� 4&68=� 32� 0.2*� �� (390)� '*� 6*(36)*)� 83� ).7/� +36� 0&8*6�

40&='&(/�

XBAR. "-*� %�� � �!��� �&440.(&8.32?74*(.+.(� .28*,6&8*)�
(.6(9.8�� .7� &� (97831� #�!�� 4&68� 4&(/&,*)� .2� &� 03;?(378� ��?4.2

���� �59&)� +0&8� 4&(/��� �8� ;&7� )*7.,2*)� '=� 8-*� ��� "*0*!-&6*

8*&1� 74*(.+.(&00=� +36� 97*� ;.8-� 8-*� �3)*0� �	
� ;36/78&8.32� &2)

4*6+3617� &00� 3+� 8-*� .28*6+&(*� +92(8.327� 6*59.6*)� '=� 8-*� ��

"*0*!-&6*� (&6)�� "-*� %�� � (-.4� (31192.(&8*7� ;.8-�

8-*� 7=78*1� ���� (-.4� ���!��� &2)� 8-*� &9).3� ������ �(3)*6�

)*(3)*6�� 8-639,-� &� 4&.6� 3+� 46346.*8&6=� 7*6.&0� .28*6+&(*7�� �+� ��

"*0*!-&6*� .7� 238� 46*7*28� .2� 8-*� 7=78*1�� &9).3� )&8&� &2)

������ (328630� ;36)7� 4&77� 8-639,-� 8-*� '.).6*(8.32&0� '9++*6

'*8;**2� 8-*� 7=78*1� ���� (-.4� &2)� 8-*� &9).3� ������� $-*2

8-*� ��� "*0*!-&6*� (&6)� .7� .278&00*)�� %�� � .7� *++*(8.:*0=� 40&(*)

'*8;**2� 8-*� 7=78*1� ���� (-.4� &2)� 8-*� ������� +36(.2,� &00

&9).3� 83� '*� 6398*)� 8-639,-� %�� � .2� *.8-*6� ).6*(8.32�� "-*

7*6.&0� .28*6+&(*� '*8;**2� %�� � &2)� 8-*� &9).3� ������ (&66.*7

	�?'.8� 78*6*3� &9).3� )&8&�

"-*� 7*6.&0� .28*6+&(*� '*8;**2� %�� � &2)� 8-*� ���� (-.4� 1908.?

40*<*7� 	�?'.8� 7=78*1� &9).3� )&8&� �83� &2)� +631� ).7/�� &2)� (32?

8630� ;36)7� +36� %�� �� �2� &)).8.32�� 8-.7� .28*6+&(*� .7� 97*)� +36

13)*1� )&8&�� :3.(*?13)*� AT � (311&2)7� &2)� 6*74327*7�� &2)
�!�� &440.(&8.32� (3)*� )3;203&)*)� +631� 8-*� -378� 7=78*1�� �2

8-*� �!�� 7.)*�� %�� � -&7� 8;3� 	���
�?��>� 7*6.&0� 43687�� *&(-

)*7.,2*)� 74*(.+.(&00=� +36� .28*6+&(.2,� ;.8-� 8-*� �!�7�� "-*7*

43687� &6*� 97*)� +36� 4&77.2,� &9).3� 7&140*7�� 13)*1� )&8&�� &4?

40.(&8.32� 463,6&17�� &2)� (311&2)7� &2)� 6*74327*7� 83� &2)

+631� 8-*� �!�7�

%�� �7� (32+.,96&8.32� (&2� '*� (-&2,*)� '=� ;6.8.2,� 83� 8-*

(328630� 6*,.78*67� .2� 8-*� %�� ?83?��!�� ���� 7*6.&0� .28*6+&(*

&))6*77� 74&(*�� �2� :3.(*� 13)*�� %�� � .7� (32+.,96*)� 83� 4&77

*&(-� &9).3� )&8&� 7&140*� +631� 8-*� ��!�� ���� (-.4� &2)� �����

�(3)*6�)*(3)*6�� 83� &� �!��� ;-*6*9432� 8-*� �!�� ;.00� 6*8962

6*74327*7� 83� *&(-� 3+� 8-37*� 7396(*7�� %�� � (&2� &073� 7*2)

&9).3� )&8&� 7&140*7� +631� �!�� 83� �!�� +36� (32+*6*2(.2,� '*?

8;**2� 0.2*7� ;-*2� '38-� 0.2*7� &6*� .2� :3.(*� 13)*�� �2� )&8&� &2)

+&<� 13)*7�� %�� � 7*2)7� &446346.&8*0=� +361&88*)� )&8&� 83� 8-*

�!�� &2)� 6*(*.:*7� 7.1.0&6� )&8&� .2� 6*8962�

�08-39,-� %�� � 79443687� 78*6*3� &9).3� &8� 94� 83� &� ��?/�>

7&140*� 6&8*�� �!�� '&2);.)8-� 0.1.8&8.327� 6*59.6*� &00� &9).3

)&8&� 83� &2)� +631� 8-*� 8*0*4-32*� 0.2*7� 83� '*� 0*+8?(-&22*0� 320=�

7&140*)� &8� �� /�>�� "-.7� .7� 238� &� 7*6.397� 0.1.8&8.32�� 7.2(*� 8*0*?

4-32*?59&0.8=� &9).3� 320=� 6*59.6*7� &� 7&140*� 6&8*� &6392)� ��


/�>� +36� +900� 6*463)9(8.32� &2)� .7� .2-*6*280=� &� 7.2,0*?(-&22*0

7.,2&0�

�2� &)).8.32� 83� 8-*� �!�� 7*6.&0� 43687�� %�� � &073� -&7� &� 4&.6� 3+

'=8*?;.)*� 4&6&00*0� 43687� 8-&8� (322*(8� 83� 8-*� �!�7�� '338�  ��
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87:<;�� &01;� )447?;� �%#� *77<� +7,-� �67<� <7� *-� +76.=;-,� ?1<0

�%#� )8841+)<176� +7,-�� <7� *-� ,7?647),-,� .:75� <0-� 07;<� ;A;D

<-5�� &01;� 8:7>1,-;� ),,1<176)4� .4-@1*141<A� )6,� -41516)<-;� <0-

+7;<� )6,� *7):,D;8)+-� 4151<)<176;� );;7+1)<-,� ?1<0� -@<-:6)4

$" ;�

(��$� 0);� ;->-:)4� );A6+0:767=;� +76<:74� ;1/6)4;� <0)<� ):-� +76D

6-+<-,� <7� ,7?6;<:-)5� 0):,?):-�� 16+4=,16/� :-;-<� 416-;� .7:� <0-

�%#� ;=*;A;<-5;� )6,� 0773� +76<:74� )6,� <-4-8076-� ;<)<=;

�;=+0� );� <0-� :16/� 16,1+)<7:�� ;1/6)4;� <7� )6,� .:75� <0-� ,)<)� )+D

+-;;� )::)6/-5-6<� +018;�

&0-� *1//-;<� +0)44-6/-� 16� (��$�;� ,-;1/6� ?);� 8=:-4A� 47/1;<1+)4

*-+)=;-� ?-� 0),� )� 47<� 7.� ,1..-:-6<� ,)<)� <A8-;� �-�/��� ;<-:-7� ,)<)

)6,� <-4-8076-� +755)6,� )6,� ;<)<=;� ,)<)�� <7� 0)6,4-� )6,� >-:A

41<<4-� <15-� <7� 1584-5-6<� <0-5� 16� (��$�� &0-:-� ):-� 67� 4-;;

<0)6� ��� ;-8):)<-� ,)<)� <A8-;� <0)<� (��$� 5=;<� :-+7/61B-� )6,

/-6-:)<-� .7:� <0-� <?7� �%#� ;-:1)4� 16<-:.)+-;� )476-�� ?1<0� )

;41/0<4A� ;5)44-:� 6=5*-:� :-9=1:-,� .7:� <0-� ;A;<-5� �	"� 16<-:.)+-�

&7� 8:7>1,-� <0-;-� <A8-;�� -)+0� <:)6;)+<176� *-<?--6� (��$� )6,

)� �%#� +76;1;<;� 7.� ��� *1<;�� ?1<0� <0-� =88-:� -1/0<� *1<;� 8:7>1,16/

<A8-� 16.7:5)<176� )6,� <0-� 47?-:� -1/0<� *1<;� 8:7>1,16/� <0-� );;7D

+1)<-,� ,)<)�� &7� 8:->-6<� ,)<)� 7>-::=6;�� (��$� :-9=1:-;� )� ,)<)

)+367?4-,/-� �Ack�� ?7:,� *)+3� .:75� <0-� )88:78:1)<-� �%#� .7:
->-:A� <:)6;)+<176�

�=,17� ,)<)� ;)584-;� 16� �#� &-4-%0):-� ):-� ��� *1<;� 476/�� %16+-

(��$� ;-6,;� -1/0<� *1<;� 7.� ,)<)� )<� )� <15-�� )=,17� ;)584-;� 5=;<

*-� *:73-6� 16<7� <?7� 81-+-;�� )6� =88-:� 0)4.�� 7:� 57;<D;1/61.1+)6<

*A<-� � %��� )6,� )� 47?-:� 0)4.�� 7:� 4-);<D;1/61.1+)6<� *A<-� ��%���

';16/� <01;� 57,-4�� 1<� :-9=1:-;� <?7� <:)6;.-:;� .:75� (��$� )6,

<?7� Ack;� *)+3� <7� ;-6,� 76-� ;)584-� 7.� )=,17� ,)<)� <7� )� �%#�
%-6,16/� 76-� ;-<� 7.� ;<-:-7� ;A;<-5� )6,� 416-D16� )=,17� ;)584-;

<7� )� �%#� :-9=1:-;� -1/0<� 7=<8=<� <:)6;.-:;� �.7=:� <:)6;.-:;� .7:

<0-� ;A;<-5� ;)584-� )6,� .7=:� <:)6;.-:;� .7:� <0-� 416-D16� ;)584-��

?1<0� )6� Ack � *)+3� ).<-:� -)+0� <:)6;.-:�� &0-� �%#� ?144� <0-6� ;-6,
51@-,� )=,17� ;)584-;� *)+3� .7:� <0-� ;A;<-5� )6,� <0-� �"����

:-9=1:16/� )6� ),,1<176)4� -1/0<� <:)6;.-:;�� .7:� )� <7<)4� 7.� ��� <:)6;D

.-:;� 8-:� ;)584-�� &01;� 0);� <7� 0)88-6� )<� )6� �D3�B� ;)584-� :)<-

�76+-� ->-:A� ���� 51+:7;-+76,;��� �7:<=6)<-4A�� (��$� +)6� 0)6D

,4-� <0-;-� <:)6;)+<176;�� *=<� 7:,-:� 5=;<� *-� 5)16<)16-,� -@)+<4A

7:� )=,17� 9=)41<A� ?144� ;=..-:�� "<0-:� ,)<)� <A8-;�� ;=+0� );� AT
+755)6,;� )6,� :-;876;-;�� ):-� /1>-6� 47?-:� 8:17:1<A� ,=:16/

)=,17� .:)5-;� )6,� ):-� 9=-=-,� =6<14� )=,17� <:)6;.-:� 1;� .161;0-,�

Digital Signal Processor. T0-� �%#� =;-,� *A� &-4-%0):-� 1;� )6� �6)D
47/� �->1+-;� ��%#��
��� &01;� 1;� )� 8:7/:)55)*4-� ;16/4-D+018

51+:7+758=<-:� 78<151B-,� .7:� ,1/1<)4� ;1/6)4� 8:7+-;;16/�� )6,

78-:)<-;� )<� ������  �B�� &0-� ��
�� 78-:)<-;� 76� ��D*1<� ,)<)� )6,

=;-;� )� ��D*1<� 16;<:=+<176� ?7:,�� �<� 0);� �
��� ?7:,;� 7.� ,)<)

$� � )6,� �
��� ?7:,;� 7.� 8:7/:)5� $� � 76� <0-� +018�� &0-� 8):<

0);� <?7� ,)<)� ),,:-;;� /-6-:)<7:;� )6,� )� 8:7/:)5� ;-9=-6+-:�

?01+0� )447?;� 8:7/:)5� )6,� ,)<)� )++-;;-;� <7� 7++=:� ;15=4<)D

6-7=;4A� 16� )� ;16/4-� +A+4-�� �=)4� ,)<)� 78-:)6,� .-<+0-;� +)6� )4;7

7++=:� 16� )� ;16/4-� +A+4-� ;16+-� 8:7/:)5� 5-57:A� +)6� )4;7� *-

=;-,� <7� ;<7:-� ,)<)�� &0-� 8):<� +)6� ),,:-;;� =8� <7� ���� ?7:,;�

7.� ,)<)� )6,� ���� ?7:,;� 7.� 8:7/:)5� 5-57:A�� *7<0� 7.� ?01+0

):-� ;=8841-,� 76� <0-� �#� &-4-%0):-� *7):,� 16� <0-� .7:5� 7.� ;1@

-@<-:6)4� %$� ;�

&0-� �%#� 0);� <?7� 16,-8-6,-6<� ;-:1)4� 87:<;�� SPORT0� )6,
SPORT1�� ?01+0� ;=887:<� 5=4<184-� ,)<)� .7:5)<;� )6,� .:)5-� :)<-;
)6,� ):-� .=44A� 8:7/:)55)*4-�� �6� <0-� �#� &-4-%0):-� ,-;1/6�

SPORT1� 76� -)+0� �%#� 1;� ,-,1+)<-,� <7� +755=61+)<176� ?1<0

(��$�� ?014-� SPORT0� 1;� ,-,1+)<-,� <7� +755=61+)<176� ?1<0� )6
����5;8
�� <-4-8076-� 416-� �"����� �)+0� .=44� <:)6;.-:� <7� 7:

.:75� 76-� 7.� <0-� SPORT� 416-;� <:1//-:;� )6� );;7+1)<-,� 16<-::=8<
16� <0-� ��
��� )447?16/� 8:7/:)5;� <7� )+<� 76� <0-� 16+7516/� ,)<)

);� 1<� )::1>-;�

�6)47/� �->1+-;� ;=8841-;� )� +7584-<-� ;-<� 7.� ;7.<?):-� ,->-478D

5-6<� <774;� .7:� <0-� ��

� 51+:78:7+-;;7:� .)514A�� 16+4=,16/� )� �

+75814-:� ?1<0� )� �%#� .=6+<176� 41*:):A�

CODEC. &0-� �6)47/� �->1+-;� ����5;8
�� 8:7>1,-;� �#� &-4-D
%0):-� ?1<0� )� 5=4<184-D;)584-D:)<-� �"���� ;8-+1.1+)44A� ,-D

;1/6-,� .7:� =;-� 16� 57,-5� ,-;1/6;�� &01;� ,->1+-� ;=887:<;� ;)5D

84-� :)<-;� 7.� ���� 3�B�� ��
� 3�B�� )6,� ���� 3�B�� )6,� 0);� )6� �	�

57,-�� .7:� ;)58416/� )<� ���
� 3�B�� ����� 3�B� )6,� �
���� 3�B�

�7:� >71+-� 57,-� 78-:)<176�� ���� 3�B� )6,� ��
� 3�B� ):-� )44� <0)<

1;� :-9=1:-,�� *=<� <0-� ;7801;<1+)<-,� )4/7:1<05;� =;-,� *A� 57,-:6

57,-5� ;<)6,):,;� 7.<-6� :-9=1:-� <0-� 7<0-:� :)<-;�� &0-� �"���

=;-;� ��D*1<� ;1/5)D,-4<)� +76>-:;176� <-+06747/A� )6,� 16+4=,-;

:-;)58416/� )6,� 16<-:874)<176� .14<-:16/� )476/� ?1<0� <:)6;51<

)6,� :-+-1>-� 80);-� ),2=;<5-6<;�

�)+0� �"���� 0);� 76-� ;-:1)4� 87:<� ?01+0� 1;� +766-+<-,� ,1:-+<4A

<7� SPORT0� 76� <0-� );;7+1)<-,� �%#�� &01;� 87:<� 78-:)<-;� 16� .:--D
:=6616/� 57,-� 76+-� 1<� 1;� 8:78-:4A� 161<1)41B-,� )6,� +76<16=)44A

;-6,;� ��D*1<� ,)<)� ;)584-;� .:75� <0-� <-4-8076-� 416-� <7� <0-

�%#�� �44� <:)6;.-:;� <7� <0-� �%#� +76;1;<� 7.� )� ;-:1)4� 7=<8=<� .:)5-

;A6+� .7447?-,� *A� )� ��D*1<� ),,:-;;� ?7:,�� <0-6� )� ;-+76,� .:)5-

;A6+� .7447?-,� *A� )� ��D*1<� ,)<)� ?7:,�� &0-;-� ),,:-;;� )6,� ,)<)

8)1:;� ):-� <:)6;51<<-,� )<� <0-� ;-4-+<-,� ;)584-� :)<-� )6,� <:1//-:

SPORT0� :-+-1>-� 16<-::=8<;� 16� <0-� �%#�� &0-� �%#� <:)6;.-:;� ,)<)
<7� <0-� �"���� =;16/� <0-� ;)5-� 5-+0)61;5� );� 2=;<� ,-;+:1*-,

�16� <0-� 7<0-:� ,1:-+<176�� 7.� +7=:;-��� &0-� ),,:-;;� 87:<176� 7.

-)+0� <:)6;.-:� +7516/� .:75� <0-� �%#� 1,-6<1.1-;� <0-� ,)<)� );� )

+76<:74� ?7:,� �.7:� 8:7/:)5516/� <0-� 8):<�� 7:� );� )� ,)<)� ?7:,

<7� *-� ;-6<� <0:7=/0� <0-� 76D+018� ,1/1<)4D<7D)6)47/� +76>-:<-:

������ )6,� <:)6;51<<-,� <7� <0-� ,)<)� )++-;;� )::)6/-5-6<� +018�

�)<)� .:75� <0-� �"���� <7� <0-� �%#� 1;� 1,-6<1.1-,� );� -1<0-:� )

+76<:74� ?7:,� 7:� );� )� ,)<)� ?7:,� .:75� <0-� 76D+018� )6)47/D<7D

,1/1<)4� +76>-:<-:� ������

&0-� ����5;8
�� �"���� 1;� )<<)+0-,� <7� <0-� <-4-8076-� 416-

<0:7=/0� <0-� ,)<)� )++-;;� )::)6/-5-6<� +018�� &:)6;51<� ,)<)

7=<8=<;� ):-� ,1..-:-6<1)4� .7:� 671;-� :-,=+<176�� ?014-� <0-� :-+-1>-

,)<)� 168=<� 1;� ;16/4-D-6,-,�

Data Access Arrangement. �#� &-4-%0):-� =;-;� <0-� &��
�
 �

�� ,)<)� )++-;;� )::)6/-5-6<� +018� );� 1<;� <-4-8076-� 416-

16<-:.)+-�� &01;� 8):<� 8:7>1,-;� )44� <0-� 6-+-;;):A� 416-� 5761<7:16/�

.14<-:16/�� 1;74)<176�� 8:7<-+<176�� )6,� ;1/6)4� +76>-:;176� .=6+<176;

.7:� +766-+<176� 7.� 01/0D8-:.7:5)6+-� )6)47/� 57,-5� ,-;1/6;� <7

<0-� #%&!� �8=*41+� ;?1<+0-,� <-4-8076-� 6-<?7:3�� 16� <0-� '61<-,

%<)<-;�� �)6),)�� )6,� �)8)6�� &0-� �
 �

�� 16+7:87:)<-;�� 76� )

<?7D<7D.7=:D?1:-� 0A*:1,�� :16/� ,-<-+<176� +1:+=1<:A�� 7..D0773

:-4)A�� )6,� 76D0773� 416-� 5761<7:16/� .7:� +)44-:D��� ;=887:<� �;--

C�)44-:D���� 76� 8)/-� ����

&0-� �
 �

�� +75-;� ?1<0� ���� ��-,-:)4� �755=61+)<176;
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* The 8/7 mode is a capability required by some modem applications. It simply adds some
sampling bandwidth. For example, in 8/7 mode the normal 8-kHz sample rate becomes
9.14 kHz (8 × 8/7).
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Caller-ID information is sent between the first and second power ringing signals.
The data is sent a minimum of 500 milliseconds after the first ring and ends at
least 200 milliseconds before the second ring begins. This leaves 2.9 to 3.7 seconds
of time for data transmission. The data is sent at 1200 baud using frequency shift
keying (FSK) modulation. All data is 8-bit ASCII.

Two standard formats exist for Caller-ID information: single message format and
multiple message format. In general, both formats can be described using Fig. 1.

The message type is 0x4 (hexadecimal 4) for single message format. The mes-
sage length is variable and indicates the number of message words in the mes-
sage body. The final word is a checksum word, used for error checking. Single
message format provides the receiver with date, time, and calling number data.

The message type is 0x80 (hexadecimal 80) for multiple message format. The
message length is variable as before, but provides the receiver with date, time,
calling number, and calling name data if available. In the absence of calling name
data, a P indicating private or an O indicating out of area or unavailable will be sent.

Caller-ID detection requires on-hook line monitoring, which the HP TeleShare data
access arrangement chip fully supports. HP TeleShare can detect and display both
message formats.

Fig. 1. Caller-ID message format.
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HP TeleShare’s voice mode firmware has the ability to detect a number of tones
used commonly in telephone communications, including DTMF tones and call
progress tones like busy, ringback (the ringing sound you hear when you call
someone), and dial tone.

DTMF Tones
Dual-tone multifrequency (DTMF) tones are made up of two separate tones, as the
name suggests, and can be accurately generated using easily understood principles.
The DTMF standard specifies two sets of distinct tones, called row frequencies
and column frequencies (see Fig. 1). The row frequencies correspond to the hori-
zontal rows on a standard telephone touchpad. The column frequencies correspond
to the vertical columns on the touchpad, plus an additional column to the right of
the last touchpad column.

This makes eight separate frequencies, which combine for a total of sixteen DTMF
tones (see Fig. 2).

Generation of a DTMF tone is accomplished by creating a sinusoid for each of the
two frequencies, row and column, and then adding the results. In a digital imple-
mentation, the sinusoids are computed and added on a sample-by-sample basis.
HP TeleShare uses a five-coefficient Taylor series approximation for the sinusoid
generation. The sinusoid samples are updated and added at 8 kHz, or every 125
microseconds, and the sum of the sinusoid samples is used as the current DTMF
sample.

Tone Detection
Tone detection is accomplished through the use of a 512-point fast Fourier transform
(FFT), which is implemented in the ADSP2101 C-language run-time library. The
FFT, when given a set of samples of an input signal over some time interval, returns
the frequency spectrum of the signal during the interval. This can be done in al-
most real time with a DSP, making it very useful for detecting incoming tones. The
following important rules and relationships should be noted concerning sample
rate, input points, output points, time, frequency, and the FFT in general:

• The FFT requires complex (real and imaginary) data for input (two arrays).
• The imaginary input array may be filled with zeros if unused.
• The output data is complex (two arrays).
• The frequency spectrum returned covers half of the sampling frequency.
• Only the first half of output data is used, and the other half is a mirror image.
• The output frequency resolution is equal to (sampling rate)/(number of input points).

Using an 8-kHz sampling rate and 512 points causes the FFT to return a spectrum
from 0 to 4 kHz, with 512 complex output points. The second 256 output points
can be ignored since they are the mirror image of the first 256. The output will
have a resolution of 15.625 Hz per point, using the formula above. These output
points will be referred to as bins since they include spectral data on either side of
each point.

HP TeleShare calculates magnitude-squared values for each bin by squaring the
real and imaginary values at each point and adding them. The magnitude-squared

Fig. 1. Dual-tone-multifrequency digits and the frequencies associated with them.
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Fig. 2. Call progress and DTMF tones recognized by HP TeleShare.
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values correspond roughly to the power of the signal in each bin. Once the powers
are known for each bin in the spectrum, they can be analyzed to see if any DTMF
or call progress tones are present.

As an example, suppose the telephone has been taken off-hook in preparation for
dialing and HP TeleShare is configured to check for dial tone. 512 samples of the
input signal would be stored in the real input array, while the imaginary array is filled
with zeros. Next, the FFT function is called, returning the real and imaginary arrays.
The magnitude-squared values of the first 256 bins are computed using the two
output arrays. The two frequencies that make up a dial tone are 350 and 440 Hz (see
Fig. 2), so FFT indexes (or bin numbers) must be computed for these frequencies:

350/15.625 = 22.4 440/15.625 = 28.16

An effective method of checking for the existence of a particular frequency is to
compare the power present at that frequency with the total power of the spectrum.
This is done quite easily with magnitude-squared values since they represent
power in each bin already. Total power is simply the sum of all the magnitude-
squared values for the first 256 FFT return values. Divide this into the power of the
frequency being checked for, and the result is the percentage of total power for
that frequency. For example, when checking for 350 Hz, compute the sum of the
power values for bins 22 and 23 since the real index (22.4) falls between them,
and then divide by the total power. The result is the percentage of the total power
present around 350 Hz. The same can be done for 440 Hz, using bins 28 and 29.

Once the percentage of total power is calculated, a comparison can be made to see
if the power in each frequency meets match criteria. The HP TeleShare firmware
typically uses 35% of total power as a match condition. In other words, if the power
present at the desired frequencies is 35% or more of the total power, dial tone has
been detected. Otherwise, no dial tone is found.

The number of bins used in the comparison and the match criteria can be fine-
tuned for a particular application. The match criteria can include other tests and
can be relaxed or tightened as needed. The number of bins used can be influ-
enced by the total number of points in the FFT and by a preprocessing tool that
does windowing. Windowing is used to create a finite-length sequence from a
continuous sequence. It is basically a digital filter that truncates an infinite-length
input sequence while preserving its frequency characteristics. Since we are grab-
bing finite pieces (sequences) of data, we need to window the data.
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Using leveraged technology, an aggressive system team, and clearly
emphasized priorities, several versions of low-end multiuser systems
were developed in record time while dramatically improving the product’s
availability to customers.
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Technical Specifications for HP 9000 Model Ex5 Systems

Running the HP-UX Operating System
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† With transaction buffering, during reads from disk, data is buffered so that HP-PB transac-
tions can continue at maximum pace.
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98@.;� <>9952.<� /8;� =1.� 7.@� <.;?.;<� *;.� 12015B� 5.?.;*0.-
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08*5<�� �?.7� =1.� /*,=8;B� ,8<=� 08*5� @*<� .A,..-.-�� @12,1� @*<

† Order fulfillment cycle time is measured from when HP receives a customer’s order to the
time when the order is delivered at the customer’s dock.

�
��� ��� $92-.;� -2*0;*6� <18@270� 18@� @.55� =1.� 9;83.,=� =.*6� /8;� =1.

�8-.5<� �A�� *7-� $.;2.<� �A�� <.;?.;<� 6.=� =1.2;� 9;83.,=� 08*5<�
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Actual

Manufacturing Release Goals

*=� ;2<4� @1.7� =1.� 1*;-@*;.� =.*6� *--.-� .A2<=270� 6*=.;2*5� 27=8

=1.� -.<207� 8?.;� 5.<<� .A9.7<2?.� />7,=287*52=B�� ;.->,270� =1.

<8/=@*;.� -.?.5896.7=� <,1.->5.�� %1.� 8;-.;� />5/2556.7=� ,B,5.

=26.� 8+3.,=2?.� @*<� 78=� 875B� *,12.?.-� +>=� .A,..-.-�� �8;� =1.

/2;<=� =1;..� 687=1<� 8/� 9;8->,=287�� 8;-.;� />5/2556.7=� ,B,5.� =26.

*?.;*0.-� >7-.;� 727.� -*B<�

%1.� /8558@270� <.,=287<� <>66*;2C.� =1.� ;.*<87<� @.� 6.=� 8;

.A,..-.-� 8>;� ,8<=�� :>*52=B�� =26.E=8E6*;4.=�� *7-� 6*7>/*,=>;E

270� ;.5.*<.� 08*5<�

Consolidation of Project Team. (1.7� =1.� �8-.5� �A�� *7-
$.;2.<� �A�� 9;80;*6� @*<� 27� 2=<� .*;5B� <=*0.<� 8/� -.<207� =1.� -.E

?.5896.7=� =.*6� @*<� -2<9.;<.-� 27� =@8� -2//.;.7=� 0.80;*912,

58,*=287<�� %1.� ;.68=.� 8;0*72C*=287� @*<� .52627*=.-� *7-� =1.

9;83.,=� -.?.5896.7=� *7-� 6*7*0.6.7=� @.;.� ,87<852-*=.-� 27

87.� 58,*=287� >7-.;� 87.� 6*7*0.;�� (2=1� =12<� 8;0*72C*=287�

=.,172,*5� -.,2<287<� ;.0*;-270� <B<=.6� ;.:>2;.6.7=<� ,8>5-� +.

6*-.� :>2,45B� *7-� .//.,=2?.5B�

Ownership of Issues. �� <B<=.6� =.*6� ,8698<.-� 8/� ;.9;.<.7=*E
=2?.<� /;86� =1.� -2//.;.7=� 8;0*72C*=287<� 27?85?.-� 27� =1.� -.?.5E

896.7=� 8/� =1.� �8-.5<� �A�� *7-� $.;2.<� �A�� <.;?.;<� @*<� 8;0*E

72C.-�� (..45B� 87.E18>;� 6..=270<� @.;.� 1.5-� @2=1� =1.� 6*27

/8,><� 87� 2<<>.<� 8;� ,87,.;7<� =1*=� 269*,=.-� =1.� 9;83.,=� <,1.-E

>5.�� �866>72,*=287� @*<� .A9.,=.-� =8� +.� 5262=.-� =8� -2<,><E
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=1.� 2<<>.<� =1*=� @.;.� 9;.<.7=.-� =8� =1.2;� 8;0*72C*=287�� �8� 2<<>.

@*<� ,58<.-� >7=25� =1.� =.*6� *0;..-� >987� 2=�� %12<� .7<>;.-� =1*=

=.,172,*5� 9;8+5.6<� -2-� 78=� D+8>7,.�� *;8>7-� 5884270� /8;� *7

8@7.;�

Interdivisional Communication.� �//.,=2?.� 27=.;-2?2<287*5� =.*6<
.<=*+52<1� 088-� @8;4270� ;.5*=287<129<� =8� .7<>;.� =26.5B� ;.E

<987<.� =8� *,=287<� *7-� 2<<>.<�� �7� .A*695.� @*<� =1.� -.,2<287

=8� ,1*70.� =1.� ,8;.� �	 � />7,=287*52=B�� (125.� =1.� 1*;-@*;.

=.*6� 269;8?.-� =1.2;� /*,=8;B� ,8<=� +B� 27,8;98;*=270� 7.@�� 5.<<

,8<=5B� 1*;-@*;.�� =1.� <8/=@*;.� =.*6� @8>5-� 1*?.� ;.*52C.-� *
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365.,9� :*/,+<3,� ;6� 796=0+,� 5,>� :6-;>(9,� -,(;<9,:� ;6� :<7C

769;� ;/,� 5,>� /(9+>(9,�� �-;,9� 9,=0,>05.� ;/,� 73(5:�� ;/,

/(9+>(9,� ;,(4�� (>(9,� 6-� ;/,� *90;0*(3� ;04,C;6C4(92,;� 6)1,*C

;0=,�� 9,*644,5+,+� (� 9,;<95� ;6� ;/,� ,?0:;05.� �	�� -,(;<9,

0473,4,5;(;065� (;� (5� 047(*;� ;6� -(*;69@� *6:;� -69� ;/,� :(2,� 6-

;/,� :6-;>(9,� +,=,3674,5;� ;,(4�:� ()030;@� ;6� 04796=,� ;/,09

:*/,+<3,�� #/,� ,5+� 9,:<3;� >(:� ;/(;� ;/,� /(9+>(9,� ;,(4� :;033

(*/0,=,+� ;/,09� -(*;69@� *6:;� .6(3:� �)@� 4(205.� (+1<:;4,5;:

,3:,>/,9,��� (5+� ;/,� :6-;>(9,� +,=,3674,5;� ;,(4� (*/0,=,+

;/,09� :*/,+<3,� .6(3:�

Leverage Design Where Possible. � &/,5� ;04,� ;6� 4(92,;� >(:

,:;()30:/,+� (:� ;/,� 2,@� 6)1,*;0=,� -69� ;/,� 7961,*;�� ;/,� +,=,367C

4,5;� ;,(4:� 9,(30A,+� ;/(;� 3,=,9(.05.� -964� (:� 4(5@� ,?0:;05.

796+<*;:� (:� 76::0)3,� >6<3+� .9,(;3@� ),5,-0;� (*/0,=05.� ;/0:

.6(3�� #/,� -6336>05.� *64765,5;:� >,9,� 3,=,9(.,+� -964� 5,>

69� ,?0:;05.� 796+<*;:�

•  96+<*;� 7(*2(.,�� "/,,;� 4,;(3� >(:� 3,=,9(.,+� -964� ;/,� ,?0:;C

05.� 36>C,5+� )<:05,::� :,9=,9:� >0;/� 40569� */(5.,:� ;6� (**64C

46+(;,� 5,>� 7,907/,9(3:� (5+� (� +0--,9,5;� 796*,::69� (5+� 4(05

4,469@� 7(9;0;06505.� :*/,4,��  3(:;0*� */(5.,:� >,9,� 2,7;� ;6� (

40504<4� 05� (5� ,--69;� ;6� <:,� ;663:� (39,(+@� ,:;()30:/,+�� ��53@

65,� 5,>� ;663� >(:� 9,8<09,+��

• �(:,� :@:;,4� *65-0.<9(;065�� #/,� )(:,� :@:;,4� >(:� ,:;()30:/,+

<:05.� ;/,� �	�� 7905;,+� *09*<0;� )6(9+:� (5+� :,=,9(3� 7,907/,9(3:

(=(03()3,� 65� ;/,� ,?0:;05.� 36>C,5+� :,9=,9:�

• �,469@�� #/,� 4,469@� +,:0.5� >(:� 3,=,9(.,+� -964� ;/,� 4,4C

69@� *65-0.<9(;065� <:,+� 05� ;/,� � � �


� �6+,3� ���� >692C

:;(;065�� >/0*/� <:,:� "���� 46+<3,:� -69� ;/,� )(:,� 4,469@

:@:;,4�� �0./,9C+,5:0;@� 4,469@� >(:� +,:0.5,+� :7,*0-0*(33@

-69� ;/,� �6+,3� �?�� (5+� ",90,:� �?�� :,9=,9:� (-;,9� -09:;� 9,3,(:,� ;6

05*9,(:,� ;/,09� 4(?04<4� 4,469@� *(7(*0;@�

•  6>,9� :<773@�� #/,� 76>,9� :<773@� >(:� 3,=,9(.,+� -964� ;/,

,?0:;05.� :,9=,9:�

•  905;,+� *09*<0;� )6(9+:�� #/,� *69,� �	�� )6(9+:� -964� ;/,� ,?0:;05.
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=,3674,5;� ;,(4�

• %�"��� #/,�  �� ��

��� 796*,::69� */07� (5+� ;/,� ��"�� *69,� �	�

*/07� >,9,� 3,=,9(.,+� -964� ;/,� �6+,3� ���� >692:;(;065�� >/0*/

>(:� ),05.� +,:0.5,+� (;� ;/,� :(4,� ;04,� (:� 6<9� :,9=,9� :@:;,4:�

• �094>(9,�� "64,� 6-� ;/,� -094>(9,� (5+� �	�� +,7,5+,5;� *6+,

>(:� *6+,=,367,+� >0;/� ;/,� �6+,3� ���� +,=,3674,5;� ;,(4�

Fast Time to Manufacturing Release. #/,� <:,� 6-� *65*<99,5;� ,5C
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(04,+� (;� (*/0,=05.� (� 9,3,(:,� 6-� ;/,� 796+<*;� -69� =63<4,� :/07C

4,5;�� �5� ;/,� *(:,� 6-� ;/,� �6+,3� �?�� (5+� ",90,:� �?�� :,9=,9:�

>0;/� ;/,� 05+0=0+<(3� )6(9+:� ),05.� )<03;� 05� ;>6� .,6.9(7/0*(33@

+0--,9,5;� 4(5<-(*;<905.� -(*030;0,:�� 0;� >(:� 047,9(;0=,� ;/(;� *64C

4<50*(;065� ),;>,,5� ;/,:,� ,5;0;0,:� 9,*,0=,� (473,� (;;,5;065�

#6� -(*030;(;,� ;/0:� *644<50*(;065�� (� *669+05(;065� ;,(4� *65:0:;C

05.� 6-� 5,>� 796+<*;� 05;96+<*;065� ,5.05,,9:� (5+� 5,>� 796+<*;

)<@,9:� (5+� 36.0:;0*:� 7,673,� >,9,� 36*(;,+� 05� *36:,� 796?040;@

>0;/� ;/,� !��� +,=,3674,5;� ;,(4�� �=,9@65,� (;;,5+,+� ;/,
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HP-UX is based on and is compatible with Novell’s UNIX  operating system. It also complies
with X/Open’s* XPG4, POSIX 1003.1, 1003.2, FIPS 151-1, and SVID2 interface specifications.

UNIX is a registered trademark in the United States and other countries, licensed exclusively
through X/Open Company Limited.

X/Open is a trademark of X/Open Company Limited in the UK and other countries.
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An easy-to-use object-oriented development environment is provided 
that facilitates the rapid development and deployment of multiuser,
enterprise-wide distributed applications.
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The Object Management Group, or OMG, is a nonprofit international corporation
made up of a team of dedicated computer industry professionals from different
corporations working on the development of industry guidelines and object man-
agement specifications to provide a common framework for distributed application
development.

OMG publishes industry guidelines for commercially available object-oriented
systems, focusing on areas of remote object network access, encapsulation of
existing applications, and object database interfaces. By encouraging industrywide
adoption of these guidelines, OMG fosters the development of software tools that
support open architecture, enabling multivendor systems to work together.

To define the framework for fulfilling its mission, in 1992 OMG published its Object
Management Architecture Guide. This guide provides a foundation for the develop-
ment of detailed interfaces that will connect to the elemental components of the
architecture. Fig. 1 shows the four main components of this architecture:

• The object request broker (ORB) enables objects to make and receive requests
and responses in a distributed object-oriented environment.

• Object services is a collection of services with object interfaces that provide basic
functions for creating and maintaining objects.

• Common facilities is a collection of classes and objects that provide general-purpose
capabilities useful in many applications.

• Application objects are specific to particular end-user applications.

Fig. 1. The object management architecture.

Application
Objects

Common
Facilities

Object Request Broker

Object
Services

The application objects, object services, and common facilities represent groupings
of objects that can send and receive messages. The software components in each
of these primary components have application programming interfaces that permit
their participation in any computing environment that is based on an object tech-
nology framework.
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• ��� �'120' 32#"� �+�**2�*)� 31#0� #,4'0-,+#,2� �,"� 1#04'!#1�

�&#1#� 1#04'!#1� ',!*3"#� �� 0#31� *#� "#+-,120�2'-,� 31#0� ',2#08

$�!#� �,"� "#1)2-.� #,4'0-,+#,2� 13..-02� $-0� 31#01�� 5-0)� 1#18

1'-,1� �,"� ,-0+�*� "#1)2-.� �!2'4'27�

• ��� �'120' 32#"� �+�**2�*)� 1�+.*#� �..*'!�2'-,� - (#!21�� �&#1#

- (#!21� .0-4'"#� "#4#*-.#01� 5'2&� #6�+.*#� !-"#� 2&�2� !�,�  #

0#31#"� -0� #62#,"#"�� -0� !�,� .0-4'"#� �� 1-30!#� -$� '"#�1� $-0

"#4#*-.',%� �*2#0,�2#� �..*'!�2'-,1�

�&#� $-**-5',%� 1#!2'-,1� .0-4'"#� +-0#� "#2�'*#"� "#1!0'.2'-,1� -$

2&#� !-+.-,#,21� 2&�2� +�)#� 3.� ��� �'120' 32#"� �+�**2�*)�

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

��� �'120' 32#"� �+�**2�*)� '1� �� !-+.*#2#� '+.*#+#,2�2'-,� -$

����
�� 2&#� � (#!2� ��,�%#+#,2� �0-3.�1� 1.#!'$'!�2'-,� -$� �,

- (#!2� 0#/3#12�  0-)#0�� ��� �'120' 32#"� �+�**2�*)�1� !-+.*'�,!#

.0-4'"#1� 2&#�  �1'1� $-0� - (#!2� �,"� �..*'!�2'-,� ',2#0-.#0� '*'27�

����
� 1.#!'$'#1� !-0#� 1#04'!#1� 2&�2� �0#� 0#/3'0#"� -$� �,� - (#!2

0#/3#12�  0-)#0� 2-� 13..-02� ',2#0-.#0� *#� "'120' 32#"� !-+.328

',%�� �&#� ����
� 1.#!'$'!�2'-,� ',!*3"#1� 2&#� $-**-5',%� !-0#

1#04'!#1�

Interface Definition Language Compiler.� ���� &�1� "#$',#"� 2&#
�,2#0$�!#� �#$','2'-,� ��,%3�%#�� -0� ����� 2-�  #� ',"#.#,"#,2� -$

-2&#0� .0-%0�++',%� *�,%3�%#1�� �,2#0$�!#1� $-0� - (#!21� 2&�2� !�,

.0-4'"#� "'120' 32#"� 1#04'!#1� �0#� 50'22#,� ',� ���� 1-� 2&�2� 2&#7

† HP Odapter is a complementary product from Hewlett-Packard that provides an efficient
and scalable link between objects implemented in an object-oriented language such as
Smalltalk or C++ and the entities in an Oracle relational database.

�0#� �!!#11' *#� 2-� 1#04'!#� 0#/3#12#01� 2&�2� +'%&2�  #� 50'22#,� ',

�+�**2�*)�� ��� ����� -0� �,-2&#0� *�,%3�%#�

���� 0#!#,2*7� �..0-4#"� 2&#� ���82-8�+�**2�*)� *�,%3�%#�  ',"8

',%� .0-.-1#"�  7� ��� �,"� ����� �&'1� '1� '+.-02�,2�  #!�31#� '2

�**-51� 31#01� 2-�  3'*"� "'120' 32#"� 1712#+1� 31',%� +3*2'.*#� *�,8

%3�%#1� 5&#0#� �..0-.0'�2#�� �**-5',%� �� �+�**2�*)� - (#!2� 2-�  #

� *#� 2-� 0#/3#12� 1#04'!#1� -$� �� ���� - (#!2� -0� 4'!#� 4#01��

Interface Repository. �&'1� 1#04'!#� .0-4'"#1� �� 0#%'1207� -$� "'120' 38
2� *#� - (#!2� ',2#0$�!#1� $-0� �� %'4#,� 1712#+�� 
,7� - (#!2� 2&�2

0#+-2#� - (#!21� !�,� �!!#11� &�1� �,� ',2#0$�!#� ',� 2&#� ',2#0$�!#

0#.-1'2-07�� �-0� #6�+.*#�� 5&#,� - (#!21� -,� 25-� -0� +-0#� 1718

2#+1� �2� "'$$#0#,2� *-!�2'-,1� !-**� -0�2#� ',� �,� �..*'!�2'-,�� 2&#7

',2#0�!2�  7� 1#,"',%� +#11�%#1� 2-� 2&#'0� ',2#0$�!#1�� �',!#� #62#08

,�*� !*'#,21� &�4#� �!!#11� 2-� �,� - (#!2�1� 1#04'!#1� -,*7� 2&0-3%&

2&#� - (#!2�1� ',2#0$�!#�� 2&#� '+.*#+#,2�2'-,� -$� 2&#� - (#!2� '1

.0'4�2#�� �&'1� .0'4�!7� .0-4'"#1� �� 4�0'#27� -$�  #,#$'21�� ',!*3"',%

1#!30'27�� *�,%3�%#� ',"#.#,"#,!#�� �,"� $0##"-+� 2-� +-"'$7� 2&#

'+.*#+#,2�2'-,� -$� &-5� �� 1#04'!#� '1� .#0$-0+#"� 5'2&-32� #62#08

,�*� 0#.#0!311'-,1�

HP Distributed Smalltalk ORB Support. �&#� - (#!2� 0#/3#12�  0-8
)#0� ������ '1� 2&#� )#7� 2-� .0-4'"',%� 13..-02� $-0� "'120' 32#"

- (#!21�� �7� .0-4'"',%� �,� ���� -,� #�!&� 1712#+�� ��� �'120' 8

32#"� �+�**2�*)� +�)#1� 2&#� *-!�2'-,� -$� �,7� - (#!2� 20�,1.�0#,2

2-� !*'#,21� 0#/3#12',%� 1#04'!#1� $0-+� 2&#� - (#!2�

�&#,� �� +#11�%#� '1� 1#,2� 2-� �� *-!�*� - (#!2�� 2&#� �!2'4'27� '1� &�,8

"*#"� ,-0+�**7�� �&#,� �� +#11�%#� '1� 1#,2� 2-� �� 0#+-2#� - (#!2�

2&#� 0#+-2#� - (#!2�1� *-!�*� 1300-%�2#� �!0#�2#"� �32-+�2'!�**7�  7

2&#� ����� ',2#0!#.21� 2&#� +#11�%#�� 2&#,� 31#1� 2&#� ���� 2-� *-8

!�2#� 2&#� 0#+-2#� - (#!2� �,"� !-++3,'!�2#� 5'2&� '2� �1##� �'%�� 	��

�#13*21� 0#230,#"� 2-� 2&#� !�**',%� - (#!2� �..#�0� #6�!2*7� 2&#

1�+#�� 5&#2&#0� 2&#� +#11�%#� 5#,2� 2-� �� *-!�*� -0� 0#+-2#� - (#!2�


,� ����1� 0#1.-,1' '*'2'#1� ',!*3"#�

• ��01&�**',%� �,"� 3,+�01&�**',%� +#11�%#1� �20�,1*�2',%� - (#!21

2-� �,"� $0-+�  72#� 120#�+1� $-0� ,#25-0)� 20�,1+'11'-,�

• �-!�2',%� - (#!21� ',� -2&#0� '+�%#1� -0� 1712#+1

• �-32',%� +#11�%#1�  #25##,� 1300-%�2#1� �,"� 2&#� - (#!21� 2&#7

0#.0#1#,2�

�&'*#� �� 0#/3#12� '1� �!2'4#��  -2&� !*'#,2� �,"� 1#04#0� ���1� #68

!&�,%#� .�!)#2� ',$-0+�2'-,� 2-� 20�!)� 2&#� !-301#� -$� 2&#� 0#/3#12

Fig. 3. � ��� �'120' 32#"� �+�**2�*)� &�,"*#1� 0#+-2#� �!!#11� 1-� 2&�2� �

0#/3#12� 2-� �� 0#+-2#� - (#!2� �..#�01� 2&#� 1�+#� �1� �� 0#/3#12� 2-� �� *-!�*

- (#!2�
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!.$� 2%3/,6%� !.9� .%47/2+� /2� 42!.3-)33)/.� %22/23� 4(!4� -)'(4

/##52�


������ 
�� ����� ���� ��������

�"*%#4� 3%26)#%3� %84%.$� 4(%� #/2%� ���� 3%26)#%3� 4/� 3500/24

-/2%� !$6!.#%$� /"*%#4� ).4%2!#4)/.�� ��� �)342)"54%$� �-!,,4!,+

)-0,%-%.43� ����3� �/--/.� �"*%#4� �%26)#%3� �0%#)&)#!4)/.

�������� 7()#(� %84%.$3� ������ 4/� 02/6)$%� 02/4/#/,3� &/2� #/-;

-/.� /0%2!4)/.3� ,)+%� #2%!4).'� /"*%#43�� %80/24).'� !.$� $%342/9;

).'� /"*%#43� �,)&%� #9#,%��� ,/#!4).'� /"*%#43� �.!-).'��� !.$� !39.;

#(2/./53� %6%.4� ./4)&)#!4)/.�� �$$)4)/.!,� /"*%#4� 3%26)#%3� !.$

0/,)#)%3� 02/6)$%� %&&)#)%.4� ).4%2!#4)/.� "%47%%.� &).%2;'2!).%$

$)342)"54!",%� /"*%#43�

Naming.† � �(%2%� )3� !� 34!.$!2$� &/2� !33)'.).'� %!#(� /"*%#4� !
5.)15%� 53%2;6)3)",%� .!-%�� �!-%3� !2%� 53%$� 4/� )$%.4)&9� !.$

,/#!4%� "/4(� ,/#!,� !.$� 2%-/4%� /"*%#43�

Event Notification.† � �()3� )3� !� 3%26)#%� 4(!4� !,,/73� /"*%#43� 4/� ./4)&9
%!#(� /4(%2� /&� !.� ).4%2%34).'� /##522%.#%� 53).'� !.� !'2%%$� 02/;

4/#/,� !.$� 3%4� /&� /"*%#43�

Basic† and Compound Life Cycle.� �(%2%� !2%� 34!.$!2$� 7!93� &/2
/"*%#43� 4/� )-0,%-%.4� !#4)6)4)%3� 35#(� !3� #2%!4%� !.$� ).)4)!,):%�

$%,%4%�� #/09�� !.$� -/6%� "/4(� 3)-0,%� !.$� #/-0/5.$� /"*%#43�

%84%2.!,):%� �02%0!2%� &/2� 42!.3-)33)/.� 4/� 2%-/4%� 3934%-3��� !.$

).4%2.!,):%� �!##%04� /"*%#43� 42!.3-)44%$� &2/-� 2%-/4%� 3934%-3��

�/-0/5.$� /"*%#43�� "5),4� &2/-� 3)-0,%� /"*%#43�� #!.� ).#,5$%

!00,)#!4)/.� #/-0/.%.43�� !.94().'� 4(!4� !00%!23� /.� !� 53%2�3

$%3+4/0� �35#(� !3� !� $/#5-%.4�� !� -!),� (!.$,%2�� /2� !� '2!0()#3

4//,"/8��� #/-0,%4%� !00,)#!4)/.3�� !.$� 3/� /.�

��������������� ������������ ���� 	������ �).+3� !,,/7� .%4;

7/2+%$� 2%,!4)/.3()03� !-/.'� /"*%#43�� �"*%#43� #!.� "%� ,).+%$

4/'%4(%2� 7)4(� 6!2)/53� ,%6%,3� /&� 2%&%2%.4)!,� ).4%'2)49� �$%4%2-).;

).'� (/7� 4/� (!.$,%� 3)45!4)/.3� 7(%.� /.%� /&� 4(%� 0!24)%3� 4/� 4(%

,).+� )3� $%,%4%$��� !.$� ).� /.%;4/;/.%�� /.%;4/;-!.9�� !.$� -!.9;

4/;-!.9� 2%,!4)/.3()03�

�/'%4(%2� 7)4(� ,).+3�� #/.4!).-%.4� %34!",)3(%3� !.$� -!).4!).3

2%,!4)/.3()03� "%47%%.� /"*%#43�� �!#(� /"*%#4� (!3� !� 30%#)&)#

,/#!4)/.� 7)4().� 3/-%� #/.4!).%2�� �/.4!).%23� !2%� 2%,!4%$� ()%2!2;

#()#!,,9�� ��� �)342)"54%$� �-!,,4!,+� 02/6)$%3� /"*%#43� 4(!4� )-;

0,%-%.4� !� '%.%2)#� $)342)"54%$� #/.4!).%2�� �2/'2!--%23� #!.

53%� 4(%3%� /"*%#43� 4/� "5),$� 30%#)&)#� )-0,%-%.4!4)/.3� 35#(� !3

!.� %,%#42/.)#� -!),� %.6%,/0%� �#/.4!).).'� #/-0/.%.43� /&� !

-%33!'%�� /2� !� "),,� /&� 3!,%� �#/.4!).).'� ).&/2-!4)/.� !"/54

)4%-3� ).� !� 3()0-%.4�� 7)4(� -).)-!,� %842!� 02/'2!--).'�

Properties and Property Management. � �2/0%24)%3� !2%� 0!24� /&� !.
/"*%#4�3� %84%2.!,� ).4%2&!#%� �/7.%2�� #2%!4)/.� $!4%�� -/$)&)#!4)/.

$!4%�� 6%23)/.�� !##%33� #/.42/,� ,)34�� !.$� 3/� /.��� �(%9� !2%� !� $9;

.!-)#� 6%23)/.� /&� !442)"54%3�

Application Objects and their Assistants. �00,)#!4)/.� /"*%#43� !2%
2%,!4)6%,9� ,!2'%;'2!).%$� #/-0/5.$� /"*%#43� 4(!4� %.$� 53%23

$%!,� 7)4(� �%�'��� !� &),%� &/,$%2� /2� !.� /2$%2� %.429� &/2-��� �00,)#!;

4)/.� !33)34!.43� !2%� ,)'(47%)'(4� /"*%#43� 4(!4� )-0,%-%.4� -/34� /&

4(%� 0/,)#)%3� !.$� 0!24)#)0!4%� ).� -/34� /&� 4(%� 3%26)#%3� 4(!4� $%3+;

4/0� /"*%#43� .%%$� 4/� 0!24)#)0!4%� ).�� �00,)#!4)/.� !33)34!.43� &5.#;

4)/.� !3� 4(%� $%6%,/0%2�3� !-"!33!$/2� ).4/� 4(%� /"*%#4� 3%26)#%3�

�00,)#!4)/.� !33)34!.43� #!.� "%� 34/2%$� !.$� !#4)6!4%$� %&&)#)%.4,9

!.$� 02/6)$%� 4(%� "!3)3� &/2� &5452%� 42!.3!#4)/.� 3500/24�

† This service is specified in COSS 1.0.

����� ��� �(%� "5,+� /&� 53%2� ).4%2!#4)/.� )3� 7)4(� ,/#!,� 02%3%.4!4)/.� /";

*%#43�� -).)-):).'� !.$� #/.$%.3).'� 4(%� .%%$� 4/� 02/0!'!4%� 3%-!.4);

#!,,9� 2%,%6!.4� #(!.'%3� /6%2� 4(%� .%47/2+�� �%2%� &/2� %8!-0,%�� !� 53%2

-)'(4� #(//3%� 4/� ,//+� !4� !� #(!24� �3%-!.4)#� /"*%#4�� !3� !� 0)%�� ,).%�� /2

"!2� #(!24� 02%3%.4!4)/.� /"*%#4�

Machine A

User A

Machine B

Chart Object
(Semantic)

User B

Machine C

User C

Presentation Objects

Presentation/Semantic Split. �� ,/')#!,� 30,)4� "%47%%.� $)342)"54%$
/"*%#43�� 4(%� 02%3%.4!4)/.�3%-!.4)#� 30,)4� 02/6)$%3� !.� %&&)#)%.4

!2#()4%#452%� &/2� $)342)"54%$� !00,)#!4)/.3�� �/#!,� 02%3%.4!4)/.

/"*%#43� (!.$,%� 4(%� "5,+� /&� 53%2� ).4%2!#4)/.�� 7(),%� !� 3%-!.4)#

/"*%#4� �7()#(� #!.� "%� !.97(%2%� /.� 4(%� .%47/2+�� (/,$3� !

3(!2%$� 0%23)34%.4� 34!4%� /&� 4(%� /"*%#4� �3%%� �)'�� 
��

�9� 53).'� 4(%� 02%3%.4!4)/.�3%-!.4)#� 30,)4�� 4(%� $%3)'.%2� #!.

#(//3%� 7(!4� 0!24� /&� 4(%� !00,)#!4)/.� 3(/5,$� "%� 3(!2%$� !.$

7(!4� 3(/5,$� "%� 5.)15%� 4/� %!#(� 53%2�� �00,)#!4)/.3� 4(!4� -)'(4

53%� 4(%� 02%3%.4!4)/.�3%-!.4)#� 30,)4� ).#,5$%� !� 4%!-� 7()4%;

"/!2$� 7(%2%� !,,� "%(!6)/2� )3� 3(!2%$� "54� %!#(� 53%2� #!.� 72)4%

#/--%.43�� /2� !� #/--/.� $/#5-%.4� 7)4(� 0!'%3� 4(!4� !2%

5.)15%� 4/� %!#(� 53%2� 3/� 4(!4� !,,� 53%23� #!.� 2%!$� !4� 4(%)2� /7.

0!#%�� �� 6!2)%49� /&� 3!-0,%� !00,)#!4)/.3� ).#,5$%$� 7)4(� ��

�)342)"54%$� �-!,,4!,+� 02/6)$%� ),,5342!4)/.3� /&� (/7� 4/� 53%� 4(%

02%3%.4!4)/.�3%-!.4)#� 30,)4�

 (),%� 53%� /&� 4(%� 02%3%.4!4)/.�3%-!.4)#� 30,)4� )3� /04)/.!,�� )4

&!#),)4!4%3� !.$� /04)-):%3� $)342)"54%$� !00,)#!4)/.� $%6%,/0-%.4

!.$� %8%#54)/.�� �$6!.4!'%3� /&� 53).'� 4(%� 02%3%.4!4)/.�3%-!.;

4)#� 30,)4� ).#,5$%


• �##%04!",%� 0%2&/2-!.#%� ,%6%,3� %6%.� /6%2� 7)$%� !2%!�
.%47/2+3

• �33/#)!4)/.� /&� !� 3).',%� 3%-!.4)#� /"*%#4� 7)4(� -5,4)0,%� 02%3%.;
4!4)/.� /"*%#43�� !� #2)4)#!,� &%!452%� ).� $)342)"54%$� #/-054).'� %.;

6)2/.-%.43� 7(%2%� )4� )3� #/--/.� &/2� -!.9� 53%23� 4/� 7/2+� 7)4(

4(%� 3!-%� !00,)#!4)/.

• �00,)#!4)/.� !##%33� ).$%0%.$%.4� /&� ,/#!,� 7).$/7).'� 3934%-3
• �%44%2� #/$%� 2%53!"),)49�

�(%� ��� �/&47!2%� �/,54)/.� �2/+%2� $%3#2)"%$� /.� 0!'%� �	� )3� !

'//$� %8!-0,%� /&� 53).'� 4(%� 02%3%.4!4)/.�3%-!.4)#� 30,)4� ).� !.

!00,)#!4)/.�

�� ������� 
�� ����

��� �)342)"54%$� �-!,,4!,+� !,3/� %84%.$3� �)35!, /2+3� 7)4(� 3%2;

6)#%3� 4(!4� 3500/24� $%6%,/0-%.4� !.$� 4%34� /&� $)342)"54%$� !00,);

#!4)/.3�
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Control Panel.� ���� )���#���!� *(�'� �#)�'����� )$� ��� 
�()'��*)��
�"�!!)�! � �$'� ��"�#�()'�)$'(� �#�� ��+�!$%�'(� �(� �#+�!*��!�� �$'

)�()�#�� �#�� "��#)�#�#��� ������ ���� ���� �$#)'$!� %�#�!� %'$+���(


• �$#)'$!(� )$� ()�')� �#�� ()$%� )��� (.()�"� �!��#!.

• �*%%$')� �$'� !$��!� ���� )�()�#�� �(�"*!�)��� ��()'��*)�$#�

• �'���#�� ����!�)��(� )$� !$�� #�),$' � �$#+�'(�)�$#(� ��),��#� $�0

���)(

• ��'�$'"�#��� "$#�)$'�#��

Interface Repository Browser and Editor. T��� �#)�'����� '�%$(�)$'.
�'$,(�'� %'$+���(� �#� ��$#��� +��,� $�� )��� �$#)�#)(� $�� )��� �#)�'0

����� '�%$(�)$'.� ,��'�� %*�!��!.� �+��!��!�� �#)�'����(� �'�� (%���0
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Shared Interface Repository. �#� ��� 
�()'��*)��� �"�!!)�! �� *(�'(

��#� (��'�� �#� �#)�'����� '�%$(�)$'.� $#� �� '�"$)�� (.()�"� ($� )��.

�$� #$)� ��+�� )��� $+�'����� $��  ��%�#�� �� �$%.� $�� �!!� $�� )��

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

(�$#� "�#���"�#)� $�� �#)�'����(�� ,����� �(� +�'.� �"%$')�#)� �#
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Remote Context Inspector and Debugger. ���(� (�'+���� �(� �#� �-0
)�#(�$#� )��)� �!!$,(� ���*���#�� $#� '�"$)�� �"���(� ,��#� �%0

%'$%'��)��� �)� (*%%$')(� $����)� �#(%��)�$#� �#�� ���*���#�� �$'

�	��� ��� ���� �#)�'����� '�%$(�)$'.

�'$,(�'� ��#� ��� *(��� )$� +��,� $'

���)� �#)�'����(� )��)� '�"$)�� �!��#)(

��#� *(�� )$� ��!!� !$��!� $����)(�
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Open a debugger where you
can trace the full stack on all
involved machines.

Step through the code.

Inspect objects in the debugger
or open inspectors on any of the
objects, regardless of the system
they are running on.

Inspectors

-!�� �'-"+�� �",-+"�.-��� �1��.-"('� �('-�1-�� "'�%.�"' � �(&&.'"3
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�'20!�+�� "'� �� �",-+"�.-��� �'/"+('&�'-�

Stripping Tool. � �(� )+�)�+�� �'� �))%"��-"('� �(+� ��%"/�+2�� ��/�%3
()�+,� .,�� -!�� ��� �",-+"�.-��� �&�%%-�%$� ,-+"))"' � -((%� -(� +�3
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0!�'� �))%"��-"('� ��/�%()&�'-� ",� �(&)%�-��� �!�� ,-+"))"' 
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System Objects.� ��� �",-+"�.-��� �&�%%-�%$� ,.))(+-,� �� /�+"�-2� (�
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5:1*$"-� 0#+&$54� */� "/� 0''*$&�

User Interface.� ��� �*453*#65&%� �."--5"-,� 64&4� "/%� 1307*%&4
4611035� '03� "� 64&3� */5&3'"$&� #"4&%� 0/� "/� 0''*$&� .&5"1)03

8)*$)� *4� %&4*(/&%� '03� &"4:� 64&� "/%� 6/%&345"/%*/(�� �/� 5)&

%&'"6-5� 64&3� */5&3'"$&�� "--� 5)&� 0#+&$54� "� 64&3� 803,4� 8*5)� -0<

$"--:� �'0-%&34�� '*-&� $"#*/&54�� %0$6.&/54�� "/%� 40� 0/�� "3&� $0/<

5"*/&%� */� "/� 0''*$&�� �--� 0''*$&4� 0/� 5)&� 4".&� 4:45&.� "3&� */� 5)&

4".&� #6*-%*/(�� �4&34� $"/� /"7*("5&� #&58&&/� #6*-%*/(4� 50� "$<

$&44� 0#+&$54� */� 05)&3� 0''*$&4�� �*(�� �� 4)084� "� 5:1*$"-� 0''*$&� "/%

40.&� 0'� 5)&� 0#+&$54� "7"*-"#-&� */� "/� 0''*$&�

Sample Applications. �".1-&� "11-*$"5*0/4� *--6453"5&� 5)&� 64&� 0'
%*453*#65&%� 0#+&$54�� �03� &9".1-&�� 5)&� �036.� ��*(�� ���� 130<

7*%&4� "� 4)"3&%� 8*/%08� */� 8)*$)� 4&7&3"-� 64&34� $"/� 7*&8� "/%

"//05"5&� "� 1*$563&� 03� %0$6.&/5�� �)&� �05&#00,� *4� "� 1-"$&� 50

4503&� #05)� -0$"-� "/%� 3&.05&� 0#+&$54� 0/� "� %&4,501�

�4&34� $"/� "-40� #6*-%� 5)&*3� 08/� 0#+&$54� '30.� "/:� 0'� 5)&� 4*.<

1-&� 0#+&$54� "7"*-"#-&�� */$-6%*/(� "� 5"#-&�� $)"35�� */165� '*&-%�

1*$563&�� "/%� 5&95� 8*/%08� �4&&� �*(�� ����� �)&� 4".1-&� "11-*$"<

5*0/4� $"/� #&� &95&/%&%� "/%� $6450.*;&%� 50� $3&"5&� "� 7"3*&5:� 0'

4*.1-&� %*453*#65&%� "11-*$"5*0/4�
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130$&44� *4� *5&3"5*7&� "/%� %&4*(/&%� '03� %:/".*$� 3&'*/&.&/5�

Development. �*453*#65&%� "11-*$"5*0/� %&7&-01.&/5� *4� "�
'063<45&1� 130$&44�
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Distribution. � �/$&� "/� "11-*$"5*0/� *4� %&7&-01&%�� 5&45&%�� "/%
56/&%� -0$"--:�� *5� *4� &"4:� 50� 4&5� *5� 61� '03� %*453*#65&%� 64&�

��� �01:� 5)&� "11-*$"5*0/� $-"44&4� 50� 5)&� �."--5"-,� *."(&4� 5)&:
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Delivery. � �.#%� 3(%� !00,)#!3)/.� )2� 3%23%$�� $%5%,/0%12� #!.
$%,)5%1� )3� 3/� 3(%)1� 42%12� "8� 231)00).'� 3(%� %.5)1/.-%.3� /&

4..%%$%$� /"*%#32� !.$� 3//,2�� �.#%� 231)00%$�� 3(%� !00,)#!3)/.
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,!.'4!'%2� !.$� #!.� "%� %7%#43%$� /.� !.8� 2400/13%$� 0,!3&/1-�

).#,4$).'
� ��;� ��� �4.����/,!1)2�� ���� �� �� �)#1/2/&3

�).$/62�� �)#1/2/&3� �).$/62� ���� /1� ���� ������ �400/13� &/1

3(%2%� 0,!3&/1-2� )2� !5!),!",%� 4.$%1� !� 14.;3)-%� ,)#%.2%� &1/-
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�%� 6/4,$� ,)+%� 3/� 3(!.+� 3(%� 01/'1!-� 3%!-� -!.!'%1� &/1� ��

�)231)"43%$� �-!,,3!,+�� �),,)!-� �//�� &/1� ()2� 4.&,!'').'� 240;

0/13� !.$� %.#/41!'%-%.3�� �1�� �%&&� �!23-!.� $%2%15%2� )--%.2%
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3(%� 01/*%#3�� �%� 6/4,$� !,2/� ,)+%� 3/� 3(!.+� 3(%� ��� �)231)"43%$

�-!,,3!,+� 01/'1!-� 3%!-� ).� 
40%13)./�� 
!,)&/1.)!� !.$� �/13
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/,/1!$/� &/1� !,,� 3(%)1� #/.31)"43)/.2
� �8..� �""/33�

�%118� �//139�� �)-� �/1#(%13�� �%5).� 
(%2.%8�� �:1'%.� �!),%.2#(;

-)$�� �!11%.� �1%5).'�� �/"%13� �!12/.�� �8..� �/6,%8�� �%118

�4$$�� !.$� �1%.3� �),+).2�

HP-UX is based on and is compatible with Novell’s UNIX  operating system. It also complies
with X/Open’s* XPG4, POSIX 1003.1, 1003.2, FIPS 151-1, and SVID2 interface specifications.

UNIX is a registered trademark in the United States and other countries, licensed exclusively
through X/Open Company Limited.

X/Open is a trademark of X/Open Company Limited in the UK and other countries.

Microsoft is a U.S. registered trademark of Microsoft Corporation.

Windows is a U.S. trademark of Microsoft Corporation.
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A distributed client-server system gives HP’s worldwide technical
consultants easy access to the latest HP and non-HP software products
and tools for customer demonstrations and prototyping.
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HP Distributed SmalltalkSemantic Presentation

TCP/IP or HP SocketsObject Request Broker Object Request Broker

VisualWorks
(Client Side)

VisualWorks
(Server Side)

Central
Repository

Object-Oriented
Database

Broker Server(s) Broker Clients

Network
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Development Tools

VisualWorks Canvas
Browsers, Debugger
Change Manager
Inspector
Dynamic Compiler
Control Panel
Interface Repository
Browser

Other Reusable Objects

Building, Office, Desk
Folder, File Cabinet,
Orphanage,
Clipboard,
Wastebasket

Sample Applications

Database Access

Oracle
Sybase
EDA/SQL
Others

HP Distributed Smalltalk
Object Request Broker (ORB)

Smalltalk Virtual Machine

Operating Systems: UNIX, NeXTStep, MacOS, Windows, Windows NT, DOS, OS/2

Network: TCP/IP or HP Sockets

Platform
Independent

Platform
Dependent
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• Cognos Corp.
• ParcPlace System
• XVT Software
• Itasca System
• Informix
• Neuron Data
• Sybase
• Unison Software
• ProtoSoft
• Oracle
• Dynasty
• NetLabs

	����

HP-UX*
• Cognos Corp.
� PowerHouse 4GL 7.23

• ParcPlace System
� VisualWorks 2.0
� VisualWorks with Sybase connectivity

• XVT Software
� XVT-Design (C Developer Kits)
� XVT/XM (C Developer Kits)
� XVT-Power++
� XVT/XM (C ++ Developer Kits)
� XVT-PowerObject Pak I

• Itasca System
� ODBMS Server
� Developer Tool Suite
� C Interface
� Lisp Interface
� API Libraries (C++, CLOS, Ada)

• Informix
� Informix Online R4GL
� Informix WingZ
� Informix SE R4GL
� Informix SE ISQL
� Informix Hyperscript Tools
� Informix Online ISQL

• Neuron Data
� Smart Elements (Nexpert object)
� Smart Elements (Openedit)
� Open Interface Elements (Open edit)
� CS Elements (Openedit)

• Sybase
� SA Companion (client & server)
� SQL Monitor (client & server)
� SQL Debugger inspector
� SQL Debugger console
� SQL Data Workbench
� SQL APT Edit
� SQR Workbench (Easy SQR)
� Open Client/Server
� ISQL/SQL Server

• Unison Software
� Maestro
� Load Balancer
� Express
� RoadRunner

• ProtoSoft
� Paradigm Plus

• Oracle
• NetLabs
� Net Labs/AssetManager

• Informix
� Product Overview
� Informix R4GL Demo
� Six demos with source codes
� Informix ISQL Demo
� Informix Hyperscript Demo

• Neuron Data
� Product Overview
� Notepad Widget example with source files
� Pack example with source files
� Print widget example with source files
� Resize widget example with source files
� Resource Picker example with source files
� Scripting example with source files
� Scroll area usage example with source files
� Scroll bar usage with source files
� Sliders usage with source files
� Special widget example with source files
� String search example with source files
� Text edit validation example with source files
� Windows MD example with source files
� Alert Windows example with source files
� Browsex example with source files
� Browsinc example with source files
� Cbox example with source files
� Chart example with source files
� Clock Widget example with source files
� C++ Notepad widget example with source files
� Drag drop example with source files
� Draw example with source files
� DropDown pale example with source files
� File manager example with source files
� File name translator example with source files
� File Picker example with source files
� Floating window example with source files
� Cantt chart example with source files
� Help engine example with source files
� Help viewer example with source files
� ICON generator example with source files
� List Box example with source files
� Local drag drop example with source files
� Menu example with source files
� Multiple font text example and source code
� Notepad example with source files

• Sybase
� SyBooks
� APT Demo
� Compute example with source files
� Csr_disp example with source files
� i18n example with source files
� blktxt example with source files
� Five other examples with source files

• Unison Software
• ProtoSoft
• Oracle
• Dynasty
• NetLabs

HP-UX is based on and is compatible with Novell’s UNIX

operating system. It also complies with X/Open’s* XPG4,
POSIX 1003.1, 1003.2, FIPS 151-1, and SVID2 interface 
specifications.

UNIX is a registered trademark in the United States and other
countries, licensed exclusively through X/Open Company
Limited.

X/Open is a trademark of X/Open Company Limited in the UK
and other countries.

MS Windows is a U.S. trademark of Microsoft Corporation.

� NetLabs/Vision
� NetLabs/Assist
� NetLabs/NerveCenter
� NetLabs/Manager
� NetLabs/OverLord Manager
� NetLabs/Discovery

MS Windows
• Cognos Corp.
� PowerHouse Windows 1.2E
� Axiant
� Impromptu
� PowerPlay

• ParcPlace System
� VisualWorks 2.0
� VisualWorks with Sybase connectivity

• XVT Software
� XVT-Design (C Developer Kits)
� XVT/Win (C Developer Kits)
� XVT-Power++
� XVT/Win (C ++ Developer Kits)
� XVT-PowerObject Pak I for MS Windows

• Itasca System
� ODBMS Server
� API Libraries (C++)

• Informix
� New Era

• Neuron Data
� Smart Elements (Nexpert object)
� Smart Elements (Openedit)
� Open Interface Elements (Open edit)
� CS Elements (Openedit)

• Sybase
� Net-Library
� Open Client /C
� SQL Monitor Client
� SQR Workbench
� APT Execute

• ProtoSoft
� Paradigm Plus

• Oracle
• Dynasty Technologies
� Dynasty

• NetLabs
� NetLabs/Vision DeskTop

������
��

• Cognos Corporation
� QUICK Application
� QUIZ Application
� PDL Application
� QDESIGN Application
� QTP Application
� QUTIL Application
� PDL And Utilities Reference Manual
� PowerHouse for UNIX – Primer

• ParcPlace System
� Product Overview

• XVT Software
� Product Overview
� XVT Design Tutorial
� XVT Database Demo
� XVT-Power++ Overview
� XVT-Power++ Demo Guide
� XVT Power ++ Earth Demo

• Itasca System
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Voltage contrast imaging allows visual tracking of logical level problems to
their source on operating integrated circuits, using a scanning electron
microscope. This paper presents an overview of voltage contrast and the
methods developed to image the failure of dynamic circuits in the
floating-point coprocessor circuitry of the HP PA 7100LC processor chip.
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'*9563*/(� 8"4� "� $0.1"$5� 4*;&� 50� '*5� */4*%&� 5)&� 4."--� ���

$)".#&3�

† JTAG is the Joint Test Action Group, which developed IEEE standard 1149.1, IEEE Test
Access Port and Boundary-Scan Architecture.
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Faced with testing over twenty new ASIC components going into four
different workstation and multiuser computer models, designers formed a
team that developed a common system-level design-for-testability (DFT)
architecture so that subsystem parts could be shared without affecting the
manufacturing test flow.
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Table I
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Instruction Drive I/O Pads Scan Register

EXTEST �5;4*'8?� "+-/9:+8 �5;4*'8?

BYPASS #?9:+3� �5-/) �?6'99

SAMPLE/PRELOAD #?9:+3� �5-/) �5;4*'8?

IDCODE #?9:+3� �5-/) ��� �5*+

HI_Z �/-.@�36+*'4)+ �?6'99

DRIVE_INHIBIT �5;4*'8?� "+-/9:+8 �?6'99

DRIVE_ENABLE #?9:+3� �5-/) �?6'99

SCAN_INTERNAL #?9:+3� �5-/) ,��5*+�

CHIPTEST �/-.@�36+*'4)+ ,��5*+�

INTEST �5;4*'8?� "+-/9:+8 �5;4*'8?

DR_SCAN #?9:+3� �5-/) ,��5*+�

SELECT_MODE �5;4*'8?� "+-/9:+8 �5*+

SET_MODE_BIT �5;4*'8?� "+-/9:+8 �5*+

CLR_MODE_BIT �5;4*'8?� "+-/9:+8 �5*+

ISAMPLE #?9:+3� �5-/) �?6'99

ESAMPLE #?9:+3� �5-/) �?6'99

DS_DRIVE �5;4*'8?� "+-/9:+8 �5;4*'8?

DS_RECEIVE #?9:+3� �5-/) �5;4*'8?

�:.+8� $� � /49:8;):/549� '8+� ;9+*� :5� 9+:� '4*� )2+'8� (/:9� 5,� :.+

35*+� 8+-/9:+8� :5� 685</*+� '))+99� :5� '**/:/54'2� :+9:� ,+':;8+9

9;).� '9� ���!� :+9:/4-�� *5;(2+@9:85(+�� '4*� 95� 54�� �:� /9� '295

6599/(2+� :5� 96++*� ;6� /4:+84'2� 9)'4� 56+8':/549� (?� 9=/:)./4-� 54

:.+� 6'8'22+2� 9)'4� (/:� /4� :.+� 35*+� 8+-/9:+8�� $./9� ,+':;8+� +4@

'(2+9� 3;2:/62+>/4-� 5,� :.+� )./6�9� ���� 6/49� :5� 6+8,583� 9+8/'2

9)'4@/4� '4*� 9)'4@5;:� 5,� :.+� /4:+84'2� 9)'4� 8+-/9:+8� (?� (8+'1/4-

/:� /4:5� :.8++� /4*+6+4*+4:� 9+):/549� =./).� '8+� 9)'44+*� /4� 6'8'22+2

:5-+:.+8� =/:.� :.+� (5;4*'8?� 8+-/9:+8�� =./).� /9� '2='?9� 9)'44+*

;9/4-� :.+� :+9:� *':'� /4� '4*� :+9:� *':'� 5;:� 6/49� 5,� :.+� $� �

CHIPTEST� �����������
�4+� 5,� :.+� 3'058� */,,/);2:/+9� /4� /362+3+4:/4-� ��$� /4� :.+

�#��9� ;9+*� ,58� :./9� 6850+):� .'9� 8+9;2:+*� ,853� '� )53354� 2+@

<+8'-+*� ���� 6'*� *+9/-4� :.':� )54:'/49� 4549)'44'(2+� 2':).+9�

�;8:.+8358+�� :.+� (/*/8+):/54'2� ���� )+22� /362+3+4:9� '4� /4:+84'2

(?6'99� 6':.� :5� ,++*� /4:5� :.+� )./6� :.+� 9'3+� <'2;+� :.':� /9� (+/4-

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

)54:'/4� 4549)'44'(2+� 6/6+2/4+� 9:'-+9� :.':� )54:852� (5:.� :.+

*/8+):/54� '4*� :.+� <'2;+� 5,� *':'� 54� :.+� ���� 6'*�� �5225=/4-� '

8+)533+4*':/54� ,853� :.+� ��$� )58+� :+'3� :.+� ('9/)� ���� )+22

*+9/-4� ='9� 35*/,/+*� :5� '225=� *':'� <'2;+9� 8+)+/<+*� (?� :.+

54@)./6� 9?9:+3� 25-/)� :5� (+� 9+:� ;6� ;9/4-� :.+� *+*/)':+*

(5;4*'8?� 9)'4� 8+-/9:+8�� �4� '**/:/54�� 9?9:+3� 25-/)� 5;:6;:� <'2@

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

9?9:+3� )25)1�� $.+9+� *+9/-4� ).'4-+9� =+8+� )5;62+*� =/:.� ,+'@

:;8+9� 685</*+*� (?� :.+� CHIPTEST� /49:8;):/54� /4� :.+� $� � )54@
:8522+8� :5� 9:8+'32/4+� :.+� /4:+84'2� :+9:/4-� 5,� :.+� �#��9�� �58

+>'362+�� '22� /4:+84'2� 25-/)� 5,� :.+� 3+358?� 9;(9?9:+3� �#��9

�3+358?� )54:8522+8�� 92'<+� 3+358?� )54:8522+8�� '4*� *':'� 3;2:/@

62+>+8�� /9� :+9:+*� (?� :.+� ,5225=/4-� 9+7;+4)+�


�� �5'*� :.+� CHIPTEST� 56)5*+� /4:5� :.+� �#���
��� %9+� :+9:� )25)19� :5� 6+8,583� '� 6'8'22+2� 9)'4� 5,� :.+� �#��� /4@

:+84'2� 45*+9� '4*� :.+� (5;4*'8?� 8+-/9:+8�� �:� :.+� +4*� 5,� :.+

9)'4@/4� 685)+99� :.+� 4+=2?� 9)'44+*@/4� <'2;+9� '8+� ';:53':/@

)'22?� 35<+*� ,853� :.+� (5;4*'8?� 8+-/9:+8� :5� :.+� 4549)'44'(2+

2':).+9� /4� :.+� ���@)+229�
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� �*<1*99?!&(0&7)� �4:73&1� � � � � � � ���

��� �551>� &� 8.3,1*� 8>89*2� (14(0� 94� (&59:7*� 9*89� 7*8:198� .3� .39*7?

3&1� 34)*8� &3)� 8>89*2� 14,.(� 4:95:9� ;&1:*8� .3� 9-*� '4:3)&7>

7*,.89*7�

��� "*5*&9� 89*58� 
� &3)� �� +47� *&(-� 3*<� ;*(947�� 4;*71&55.3,� 9-*

8(&3?.3� &3)� 8(&3?4:9� 45*7&9.438�

#.3(*� 9-*� CHIPTEST� .3897:(9.43� )7.;*8� 9-*� �� � 5.38� 94� &� -.,-?
.25*)&3(*� 89&9*� .9� .8� 5488.'1*� �.3)**)� .9� .8� .39*3)*)�� 94� *=*?

(:9*� 9-*8*� 9*898� 43� &� 545:1&9*)� 8>89*2� '4&7)� <.9-4:9� +*&7� 4+

(7*&9.3,� '4&7)?1*;*1� ':8� (1&8-*8� ):7.3,� 8:(-� 9*89.3,�

��	
� ��������������

$-*� 2*247>� (4397411*7� �#��� .3(47547&9*8� 8*;*7&1� <.)*� &3)

8-&114<� 7*,.89*7� +.1*8� 9-&9� &7*� :8*)� +47� 6:*:*.3,� 45*7&9.438

<.9-.3� 9-*� )&9&� 5&9-8�� $-*� 949&1� 3:2'*7� 4+� 8947&,*� *1*2*398

.3� 9-*� 7*,.89*7� +.1*8� .8� 6:.9*� 1&7,*�� 84� .9� <&8� 349� 57&(9.(&1� 94

2&0*� 9-*8*� 8947&,*� *1*2*398� 8(&33&'1*�� $-*7*+47*�� &� ':.19?.3

8947&,*� 9*89� ���#$�� &5574&(-� <&8� (-48*3� 94� 9*89� 9-*� 2*247>

(4397411*7� )&9&� 5&9-� 7*,.89*7� +.1*8�

$-*� 2*247>� (4397411*7� ��#$� .251*2*39&9.43� <&8� )*;*145*)

<.9-� 9-*� +4114<.3,� 4'/*(9.;*8�

• !74;.)*� -.,-� (4;*7&,*� &3)� 8-479� 9*89� 9.2*8�
• !74;.)*� &9?85**)� 9*89.3,� 4+� 9-*� 7*,.89*7� +.1*� 897:(9:7*8� 94
*38:7*� 9-&9� 9-*� 2*247>� (4397411*7� �#��� <4708� &9� 9-*� 7*?

6:.7*)� 8>89*2� (14(0� +7*6:*3(>�

• !74;.)*� +1*=.'.1.9>� &3)� 574,7&22&'.1.9>� .3� 9-*� ��#$� 14,.(� 94
&114<� &19*7&9.43� 4+� 9-*� 9*89� 8*6:*3(*� +47� )*':,� &3)� :3+47*?

8**3� +&.1:7*� 24)*8�� �3� 5&79.(:1&7�� 9-*� 8>89*2� '7.3,?:5� &3)

)*':,� 51&38� 574;.)*� &� 2*&38� +47� 8>89*2?1*;*1� 8(&3� &((*88� 94

9-*� 89&9*� <.9-.3� 9-*� �#��8�� !74;.).3,� 9-*8*� +*&9:7*8� &114<8

7*&)�<7.9*� &((*88� 94� 9-*� 3438(&33&'1*� 6:*:*� 89&9*8� +47

574949>5*� 8>89*2� )*':,�

• !74;.)*� +47� 9*89&'.1.9>� 4+� 9-*� 14,.(� 8:774:3).3,� 9-*� 7*,.89*7
+.1*8� 9-74:,-� &))*)� 4'8*7;&9.43� &3)� (439741� 54.398� &9� 9-*

.35:98� &3)� 4:95:98� 4+� 9-*� 7*,.89*7� +.1*� '14(08�� $-.8� .8� .39*3)*)

94� 8:55479� &:942&9.(� 9*89� 5&99*73� ,*3*7&9.43� ��$!��� 94418

:8*)� 94� ,*3*7&9*� 9*89� ;*(9478� +47� 9-*� 2*247>� (4397411*7� &3)

9-:8� *38:7*� -.,-� (4;*7&,*� 4+� 9-*� 89&3)&7)� (*11� (439741� 14,.(

+47� 9-*� 6:*:*8�

$-*� )*8.,3� 4+� 9-*� ��#$� 14,.(� .3� 9-*� 2*247>� (4397411*7� )&9&

5&9-8� .8� '&8*)� 43� 57*;.4:8� <470� 9-&9� <&8� )43*� +47� 9-*� !�

�	��?'&8*)� �!� ����� �4)*1� �	�� <47089&9.43�� �47� 9-&9� 574):(9�

&� 897:(9:7*� .3)*5*3)*39� "��� ��#$� &7(-.9*(9:7*� 9-&9� :8*8� &

58*:)4*=-&:89.;*� 9*89� &1,47.9-2� &3)� 8.,3&9:7*� &3&1>8.8� <&8

)*;*145*)� &3)� <&8� .251*2*39*)� .3� 9-*� �� � (4397411*7� �#����

$-*� 897:(9:7*� .3)*5*3)*39�� 58*:)4*=-&:89.;*� 9*89� &1,47.9-2

574;.)*8� ������ +&:19� (4;*7&,*� 4+� 9>5.(&1� "��� +&:198� &3)� (&3

574;.)*� ���� 94� ������ (4;*7&,*� 4+� 3*.,-'47-44)� 5&99*73?

8*38.9.;*� +&:198�� �9� &184� &114<8� 9-*� 9*89� 9.2*� �3:2'*7� 4+� 7*&)�

<7.9*� &((*88*8� 5*7� 2*247>� &))7*88�� 94� '*� ;&7.*)� &((47).3,

94� 9-*� )*8.7*)� +&:19� (4;*7&,*�� ��#$� &7(-.9*(9:7*8� +47� '49-� 9-*

57*8*39� 2*247>� (4397411*7� �#��� &3)� 9-*� 57*;.4:8� �� � (43?

97411*7� �#��� :8*� &� 9*89� &1,47.9-2� 8.2.1&7� 94� 9-&9� )*8(7.'*)� '>

".99*7� &3)� #(-<&.7�
� %8.3,� 9-*� 8>89*2� (14(0� +47� ��#$� *=*(:?

9.43�� 9-*� "��� 897:(9:7*� (&3� '*� 9*89*)� &9� 9-*� 3472&1� 8>89*2

(14(0� 7&9*�� 9-:8� 574;.).3,� &9?85**)� 9*89.3,� 4+� 9-*� "���

�� ):&1?5479� <7.9*�8.3,1*?5479� 7*&)� 7*,.89*7� +.1*� +742� 9-*� 57*8?

*39� 2*247>� (4397411*7� )&9&� 5&9-�� <.9-� 9*89� 897:(9:7*8� 9-&9

574;.)*� '49-� ��#$� &3)� �$!�� 8:55479� 8.2.1&7� 94� 9-*� 57*;.4:8

�� � (4397411*7� ��#$� &7(-.9*(9:7*�� .8� 8-4<3� .3� �.,�� 	�� $-*� 9<4

<7.9*� 54798�� �� &3)� ��� (&3� '49-� '*� &))7*88*)� &3)� <7.99*3

.3)*5*3)*391>�� $-*� 8.3,1*� 7*&)� 5479� (&3� &184� '*� &))7*88*)

&3)� 7*&)� .3)*5*3)*391>� 4+� 9-*� �� &3)� �� <7.9*� 54798�� $-:8�

9<4� <7.9*� 45*7&9.438� &3)� 43*� 7*&)� 45*7&9.43� (&3� &11� 4((:7

8.2:19&3*4:81>� +47� 43*� 94� 9-7**� 7*,.89*7� 14(&9.438�� )*5*3).3,

43� 9-*� ��� ��� &3)� 7*&)� 5479� &))7*88*8�

�.;*3� 9-*� ):&1?5479*)� )*8.,3� 4+� 9-*� 2*247>� (4397411*7

7*,.89*7� +.1*8�� .9� <&8� 3*(*88&7>� 94� *=9*3)� 9-*� 57*;.4:8� �� 

(4397411*7� ��#$� &7(-.9*(9:7*� 94� 9*89� &� ):&1?5479*)� "���� $-.8

2*&39� 9-&9� 9-*� 2*247>� (4397411*7� ��#$� .251*2*39&9.43

8-4:1)� '*� &'1*� 94� 9*89� 349� 431>� 9-*� 8.2:19&3*4:8� ):&1?<7.9*

45*7&9.438� ':9� &184� 9-*� ;&7.4:8� (42'.3&9.438� 4+� ���� <7.9*

&3)� 7*&)� 45*7&9.438� 94� ;*7.+>� 9-&9� 9-*� 5479� .39*7&(9.438� &7*

<470.3,� (477*(91>�� �47� 9-*� ):&1?5479� 7*,.89*7� +.1*8� .3� 9-*

2*247>� (4397411*7� 8:(-� .39*7&(9.438� .3(1:)*� &3� .39*73&1� '>?

5&88� <-*3� 9-*� 7*&)� &))7*88� .8� 9-*� 8&2*� &8� *.9-*7� 4+� 9-*� �� 47

�� <7.9*� &))7*88*8� &3)� &� �?5479� )42.3&39� <7.9*� <-*3� 9-*� �

&3)� �� <7.9*� &))7*88*8� &7*� *6:&1�� $-.8� ):&1?<7.9*� ��#$� &1,4?

7.9-2� .8� )*8(7.'*)� .3� 7*+*7*3(*� ��

�47� 9-*� 7*,.89*7� +.1*� 8-4<3� .3� �.,�� 	� *&(-� 4+� 9-*� ��#$� 897:(?

9:7*8@��#"� �1.3*&7� +**)'&(0� 8-.+9� 7*,.89*7��� #���$�� � %�$�

&3)� ��#"� �2:19.?.35:9� 8.,3&9:7*� 7*,.89*7�@.8� )*).(&9*)� 94

��#$�� �&(-� 7*,.89*7� +.1*� &184� -&8� .98� 4<3� )*).(&9*)� 574,7&2?

2&'1*� ��#$� (439741� 6:*:*� +47� 8*6:*3(.3,� 9-*� ��#$� &1,47.9-2�

$-*� BIST_MODE� 8.,3&1� *3&'1*8� 9-*� ��#$� +:3(9.438� &3)� (&3� '*

��
�� ��� �:&1?5479� 7*,.89*7� +.1*� <.9-� ':.19?.3� 8947&,*� 9*89� ���#$�� &3)

&:942&9.(� 9*89� 5&99*73� ,*3*7&9.43� ��$!��� +*&9:7*8�� $-*� .35:98� 94� 9-*

(*397&1�� *2'*))*)� "��� 897:(9:7*� &7*� 574;.)*)� '>� 2:19.51*=.3,

'*9<**3� 9-*� 3472&1� 8>89*2� ;&1:*� &3)� &� ��#$� 7*,.89*7�� <-.(-� .8� .2?

51*2*39*)� &8� &� 1.3*&7� +**)'&(0� 8-.+9� 7*,.89*7� ���#"��� $-*� 4:95:9

2:19.51*=*7� 2&0*8� .9� 5488.'1*� 94� (&59:7*� 9-*� 4:95:98� .394� &� 2:19.?

.35:9� 8.,3&9:7*� 7*,.89*7� ���#"�� &3)� 94� 8*3)� *.9-*7� 9-*� "��� 4:95:98

47� 9-*� ��#"� (439*398� 94� 9-*� 7*89� 4+� 9-*� 8>89*2�

Register
File

q_A_addr

q_B_addr

q_in_A q_in_B

q_read_addr

LFSR

From
System
Logic

LFSR

From
System
Logic

From
Test Logic

From
System
Logic

MISR

q_read_port

BIST_MODE

SYSCLK

From
System Logic

From
System Logic

Shift

Shift

Count

* *

* = Multiplexer

*

*

*

*
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�
	�� ��� �))7(&2� 8330� +03;�� �))@

7(&2� .7� &2� .2@-397*� 73+8;&6*� 8330

+36� 7(&2� .27*68.32�� "=2347=7� .7� &2

&9831&8.(� )*7.,2� 7=28-*7.7� 8330

+631� "=2347=7�� �2(�

chip.v

block.v

Synopsys

block.gates.v

pr_order Addscan

block.scan.v

chip.scan.v

(3286300*)� *.8-*6� '=� &� 4.2� 32� 8-*� (-.4� 36� 8-639,-� 38-*6� 8*78

&((*77� 03,.(� 79(-� &7� &2� ����� ������� #��� (3286300*6� 36

������	� "��� (3286300*6�	��� �00� 3+� 8-*� ��"#� 6*,.78*67� &6*� .140*@

1*28*)� .2� 78&2)&6)� (*00� '03(/7� 7*4&6&8*� +631� 8-*� )&8&� 4&8-

6*,.78*6� +.0*7�� �� )*8&.0*)� )*7(6.48.32� 3+� 8-*� 1*136=� (3286300*6

��"#� .140*1*28&8.32� &2)� 34*6&8.32�� &032,� ;.8-� -&6);&6*

3:*6-*&)� &2)� 8*78� (3:*6&,*�� (&2� '*� +392)� .2� 6*+*6*2(*� 
�

��
�� ����


#-*� +3003;.2,� 7*(8.327� )*7(6.'*� 8-*� 83307� &2)� 8*787� 8-&8� ;*6*

97*)� &2)� )*:*034*)� 83� 8*78� 8-*� 8-6**� 1*136=� 79'7=78*1

�"��7�� 8-*� 1*136=� (3286300*6�� 8-*� 70&:*� 1*136=� (3286300*6�

&2)� 8-*� )&8&� 1908.40*<*6�

Addscan. �.,�� 	� 7-3;7� 8-*� +03;� +36� 7(&2� 7=28-*7.7�� �00� 8-6**
1*136=� 79'7=78*1� �"��7� ;*6*� )*7.,2*)� 97.2,� &� 7869(896*)@

(97831� )*7.,2� 1*8-3)��� �&(-� 78&2)&6)� (*00� '03(/� 97*)� 8-*

.2@-397*� �))7(&2� 8330�� +36� 7(&2� .27*68.32� &2)� 8-*� 7(&2� 0.2/7

'*8;**2� '03(/7� ;*6*� (322*(8*)� '=� -&2)� .2� 8-*� 834@0*:*0

2*80.78� 3+� 8-*� (-.4�� #-*� .28*62&0� 7(&2� 36)*6� 3+� *&(-� '03(/� .7

'&7*)� 32� 4378� 40&(*� &2)� 6398*� .2+361&8.32�

Test Vector Generation. #-*� 8*78� :*(836� ,*2*6&8.32� +03;� .7
7-3;2� .2� �.,�� 
�� #-*� �#��� 83307� +631� �6377(-*(/�� �2(�� ;*6*

97*)� 83� ,*2*6&8*� 1378� 7(&2@'&7*)� :*(8367�� "31*� :*(8367

;*6*� -&2)@,*2*6&8*)�� �� ,&8*@0*:*0� 2*80.78� 3+� 8-*� (-.4�� 46.36

83� �))7(&2� 7(&2� .27*68.32�� .7� 97*)� 83� (6*&8*� &2� �#��� )&8&@

'&7*� +36� :*(836� ,*2*6&8.32�� �� 7.1.0&6� )&8&� '&7*� .7� 97*)� '=

)*7.,2*67� 83� )3� #.1:*6� 78&8.(� 8.1.2,� &2&0=7.7�� #.1:*6�� &� 8.1.2,

&2&0=7.7� 8330� +631� �.)&�� �2(��� .7� 97*)� &7� &� 4&68� 3+� 8-*� 8*78

1*8-3)303,=� +36� 8;3� 496437*7�� �.678�� .8� &003;7� 8-*� )*7.,2� 83

'*� (-*(/*)� +36� -30)� :.30&8.327� 32� &00� 4&8-7� 83� ,9&6&28**� 8-&8

8-*6*� ;.00� '*� 23� 8.1.2,� :.30&8.327� *:*2� .+� �#��� :*(8367� *<*6@

(.7*� 232+92(8.32&0� 4&8-7� .2� 8-*� )*7.,2�� "*(32)0=�� #.1:*6

(6.8.(&0� 4&8-7� (&2� '*� +*)� '&(/� .283� �#��� .2� 8-*� +361� 3+� &

vector.tcp � +.0*� 83� ,*2*6&8*� )39'0*@7863'*� 4&8-� )*0&=� :*(8367�

#-*� +3003;.2,� 8*78� :*(836� 7*87� ;*6*� (6*&8*)� +36� *&(-� 3+� 8-*

1*136=� 79'7=78*1� �"��7�

• �328.29.8=�� �-*(/7� +36� 34*27� &2)� 7-3687� &132,� 8-*� �"�
4638*(8.32� ).3)*7�� �6*4&6*)� 1&29&00=�

• !.2,8*78�� $7*7� 7*6.&0� ?+097-�� 74**)� �838&0� 7(&2� 4&8-� )*0&=�
8-639,-� 8-*� '392)&6=� 7(&2� 6*,.78*6� &7� &� 1*&796*� 3+� 8-*� ��

463(*77� &2)� :*6.+.*7� 8-&8� 8-*� 4&68� .7� ;.8-.2� 8-*� 7.<@7.,1&

6&2,*�� �*2*6&8*)� 1&29&00=� .2� 8-*� +361� 3+� &� �&)*2(*� %*6.03,

'3)=� +.0*�

• �(�� #-*7*� 8*787� 97*� 8-*� '392)&6=� 7(&2� 6.2,� 83� )6.:*� 398� &00
32*7� 36� >*637� +36� )(� 4&6&1*86.(� 8*78.2,�� �*2*6&8*)� 1&29&00=

.2� 8-*� +361� 3+� &� %*6.03,� '3)=� +.0*�

• �*&/&,*� &2)� 86.78&8*� 8*78.2,�� �0&(*7� 8-*� �"��� .283� &� -.,-@.1@
4*)&2(*� 78&8*� 83� &003;� 8*78.2,� 8-*� ���� 4&)7� +36� 0*&/&,*�

�*2*6&8*)� 1&29&00=� .2� 8-*� +361� 3+� &� %*6.03,� '3)=� +.0*�

• ��� �� #-*7*� :*(8367� &6*� ,*2*6&8*)� '=� �#��� &2)� &6*� 97*)� 83
4*6+361� 78&8.(� ��� � 8*78� &2)� 1*&796*1*28�

• #��� #*787�� #-*7*� &6*� 8*787� 8&6,*8*)� &8� +92(8.32&0� 8*78.2,� 3+
8-*� #��� (3286300*6�� �*2*6&8*)� 1&29&00=� .2� 8-*� +361� 3+� &

%*6.03,� '3)=� +.0*�

• �-.48*78�� #-*7*� :*(8367� &6*� ,*2*6&8*)� '=� �#��� 83� 8*78� 8-*
(36*� (-.4� 03,.(� .2� +631� &2)� 398� 83� 8-*� '392)&6=� 7(&2� 6.2,

97.2,� 8-*� #��� CHIPTEST� .27869(8.32�� ���� 4&)� 03,.(� .7� 238� +900=
8*78*)� '=� (-.48*78� :*(8367�

• �.28*78�� #-*7*� :*(8367� &6*� ,*2*6&8*)� '=� �#��� &2)� ;.00� 8*78
8-*� 6*1&.2.2,� +&9087� �46.1&6.0=� .2� 8-*� ���� 4&)� 03,.(�� 8-&8� &6*

238� (3:*6*)� '=� 8-*� (-.48*78�

• �97� �30)*6�� �968-*6� 8*78.2,� 3+� 8-*� *0*(86.(&0� (-&6&(8*6.78.(7� 3+
8-*� '.).6*(8.32&0� ���� (*007�� �*2*6&8*)� 1&29&00=� .2� 8-*� +361

3+� &� %*6.03,� '3)=� +.0*�

• ��"#�� ��"#� :*(8367� &6*� 320=� ,*2*6&8*)� 32� 8-*� 1*136=� (32@
86300*6�� #-*7*� 8*787� 6*59.6*� 320=� 8;3� 7(&2� :*(8367�� 32*� *&(-

83� 7*8� 94� 8-*� .2.8.&0.>&8.32� &2)� 8*78� 4&77*7� +36� ��"#�� �+8*6

8-&8�� &� '9678� 3+� 7=78*1� (03(/7� .7� &440.*)� 83� 8*78� 8-*� 8&6,*8

Fig. 3.� �#��� �&9831&8.(� 8*78� 4&8@

8*62� ,*2*6&8.32�� &2)� 8.1.2,� 83307

+03;�� #.1:*6� .7� &� 8.1.2,� &2&0=7.7

8330� +631� �.)&�� �2(�� ��#"��� .7� &2

.2@-397*� +&908� 7.190&836� +36� 8*78

:*6.+.(&8.32�� #-*� ��� � :*(8367� &6*

,*2*6&8*)� '=� �#��� +631� �6377@

(-*(/� �364�

chip.gates.v

Crosscheck
ATPG Tools:

nxpand
vcomp
fltgen

Timver
Database

ATPG
Database

ATPG
FLTSIM
Timver

IDDQ

vector.tiw

vector.tst
vector.fdx

vector.tcp
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����� ��� !&$503� 7&3*'*$"5*0/� "/%� 5&4<

5&3� 53"/4-"5*0/� 500-4� '-08�� ����� *4

"� 5&45� 130(3".� (&/&3"5*0/� 500-

'30.� ������ �/$�� �*%"� 3&13&4&/54� "

46*5&� 0'� 5&45� 500-4� '30.� �*%"�� �/$�

����� *4� "� 41&$*"-� ���<-&7&-� 4*.6<

-"503�� ������� *4� "� '03."5� $0/7&3<

4*0/� 500-� '30.� �$)-6.#&3(&3�

body_file.v

TSSI
Aida
Input

body_file.sef

vector.wdb TSSI
Convert

vector.cmd
vector.tv

vector.tst

vector.wgl

vector.cmd

LSIM
Verify

SIMITS

Verilog
Verify

HP 82000
Test Vectors

S9000
Test Vectors

body_file.sef

Fail

Pass

Pass

Fail

#-0$,4� "5� 41&&%�� �)&4&� 7&$5034� "3&� (&/&3"5&%� 64*/(� "� �&3-

4$3*15� 50� 130%6$&� "� .tst� 7&$503� '*-&�
• �06#-&<�530#&�� �)&4&� 7&$5034� "3&� (&/&3"5&%� #:� ����� #"4&%
0/� �*.7&3� $3*5*$"-� 1"5)4� "/%� "3&� 64&%� 50� 1307*%&� "5<41&&%

5&45*/(� 0'� 5)&� �����	��		

• �$� 5&45*/(� 0'� ���� �"5)4�� �)&4&� "3&� '6/$5*0/"-� 5&454� 5)"5� 5&45
5)&� 41&&%� $)"3"$5&3*45*$4� 0'� $3*5*$"-� ���� 1"5)4�� �&/&3"5&%

."/6"--:� 0/-:� *'� 5&45*/(�� %&4*(/� 3&7*&8�� "/%� $)*1� $)"3"$5&3<

*;"5*0/� 3&46-54� */%*$"5&� "� $0/$&3/�

• �30$&44�� !0-5"(&�� "/%� �&.1&3"563&� ��!��� �-0$,� �&45�� �&/&3<
"5&%� ."/6"--:�� 5)*4� (3061� 0'� 5&454� "11-*&4� 0/-:� 50� 5)&� 4-"7&

.&.03:� $0/530--&3� $)*1� 8)*$)� 64&4� "� 6/*26&� �!�� #-0$,� 50

$0.1&/4"5&� '03� 130$&44�� 70-5"(&�� "/%� 5&.1&3"563&� 7"3*"5*0/4

*/� "� 1"35*$6-"3� ���� $&--�

Vector and Test Logic Verification.� �*(�� �� 4)084� 5)&� '-08� '03� 5&45
7&$503� 7&3*'*$"5*0/� 64*/(� !&3*-0(� 03� ����� �"� 41&$*"-� ���<-&7&-

4*.6-"503��� �&45� 7&$5034� '30.� ����� $"/� #&� %*3&$5-:� $0/7&35&%

64*/(� ����� �"� 500-� '03� 5&45� 130(3".� (&/&3"5*0/� '30.� �����

�/$��� */50� "� $0.."/%� '*-&� '03."5� "/%� 7&3*'*&%� "("*/45� "� ("5&<

-&7&-� /&5-*45� */� !&3*-0(� 03� "� ���<-&7&-� /&5-*45� 64*/(� ������ �-5&3<

/"5*7&-:�� 5&45� 7&$5034� $"/� #&� 4*.6-"5&%� 64*/(� "� !&3*-0(� #0%:

'*-&�� �� #0%:� '*-&� *4� "� 83"11&3� 03� 5&45� +*(� 5)"5� $"/� &*5)&3� #&� "

5&45� 7&$503� 4&5� *54&-'� �)"/%<(&/&3"5&%� '6/$5*0/"-� 5&454�� 03� $"/

36/� 4$"/<#"4&%� ����� 7&$5034� 64*/(� "� 4$"/� "/%� $-0$,� 4&<

26&/$&�

�)&� ����� �"1%"/$&� 500-� 8"4� 64&%� '03� '635)&3� 7&3*'*$"5*0/

0'� 5)&� ���� -0(*$� #&'03&� 5"1&� 3&-&"4&� 0'� 5)&� ����4�� �"1%"/$&

(&/&3"5&4� "� 4&5� 0'� ����� 		���	� $0.1-*"/$&� 5&454� 50� 7&3*':

45"/%"3%� ���� '6/$5*0/"-*5:�� �)&� �"1%"/$&� 7&$5034� 8&3&

$0/7&35&%� 64*/(� �&3-� 4$3*154† � */50� "� !&3*-0(� '03$&� '*-&� "/%
4*.6-"5&%� 0/� "� ("5&<-&7&-� /&5-*45�

Tester Format Translation. � �*(�� �� "-40� 4)084� 5)&� '-08� '03� 53"/4<
-"5*0/� 0'� 7&$5034� */50� "� 5&45&3� '03."5��  4*/(� ������ 7&$5034

8&3&� '03."55&%� %*3&$5-:� 50� ��� 

���� 5&45&3� '03."5�� �0� (&5� 50

5)&� �$)-6.#&3(&3� ������ 5&45&3�� 7&$5034� 8&3&� '*345� '03."55&%

† Perl is a high-level programming language.

50� ����� "/%� 5)&/� 1"44&%� 5)306()� �������� "� '03."5� $0/7&35&3

'30.� �$)-6.#&3(&3�

 4*/(� "� !&3*-0(� 130(3"..*/(� -"/(6"(&� */5&3'"$&� 5)"5� 0651654

"� ����� 4*.6-"5*0/� &7&/5� '03."5� '*-&� %6.1�� 7&$5034� $"/� "-40� #&

53"/4-"5&%� '30.� #0%:� '*-&4� 50� 0/&� 0'� 5)&� 5&45&34�

����

� ���� �
	���
�

�)&� /&8� 4:45&.4� )"7&� #&&/� %&4*(/&%� 50� 1307*%&� "� .&5)0%

50� "$$&44� ����� 4$"/� 1"5)4�� #05)� #06/%"3:� "/%� */5&3/"-�� "5

5)&� 4:45&.� -&7&-�� �)*4� )"4� 580� ."+03� 163104&4�� �*345�� *5� 130<

7*%&4� "� .&"/4� 0'� "$$&44*/(� 5)&� */5&3/"-� 45"5&� 0'� $0.1-&9

!���� $0.10/&/54�� �)*4� 1307*%&4� "%%*5*0/"-� )"3%8"3&� 45"5&

*/'03."5*0/� 50� %&4*(/&34� 5)"5� 806-%� 5:1*$"--:� #&� */"$$&44*#-&

"/%� $"/� "*%� 53"%*5*0/"-� 130505:1&� #3*/(<61� "/%� %&#6(� .&5)<

0%4�� �&$0/%�� *5� 1307*%&4� 5)&� "#*-*5:� 50� %0� 4$"/<#"4&%� 5&45*/(

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

����4�

�)&� '0--08*/(� 5&45� "/%� %&#6(� '&"563&4� "3&� 1307*%&%� #:� 4:45&.

4$"/� "$$&44�

• �#*-*5:� 50� )"-5� 5)&� 4:45&.� $-0$,4� "/%� */5&330("5&� 5)&� */5&3/"-
4$"/� 45"5&� 0'� 5)&� ����4�

• �*/(-&<$:$-&� %&#6(� 0'� 5)&� 4:45&.� $03&� #:� )"-5*/(� 5)&� 4:45&.
$-0$,4�� */5&3"$5*7&� 4$"//*/(� 0'� 5)&� */5&3/"-� 45"5&�� "/%� 5)&/

45"35*/(� 03� $:$-*/(� 5)&� 4:45&.� $-0$,4�

• �0"3%<-&7&-� "/%� 4:45&.<-&7&-� */5&3$0//&$5� 5&45*/(� "/%� */5&3<
"$5*7&� %&#6(� 64*/(� #06/%"3:� 4$"/�� �)*4� */$-6%&4� 5&45*/(

$0//&$5034� #&58&&/� 580� #0"3%4� 8)&3&� #06/%"3:� 4$"//"#-&

#64&4� $3044� 5)&� $0//&$503�

• �#*-*5:� 50� 5&45� "/� ����� 8)*-&� *5� *4� 0/� 5)&� #0"3%� 64*/(� #06/%<
"3:� "/%� */5&3/"-� 4$"/�� �)*4� .":� */$-6%&� %06#-&<4530#&� 5&454

"/%� 36//*/(� 0/<$)*1� ������ *'� 4611035&%� #:� 5)&� ����� 6/%&3

5&45�

�4� 1"35� 0'� 5)&� 07&3"--� ���� 3&26*3&.&/54�� "--� ����4� *.1-&.&/5

5)&� ����� 		���	� �5"/%"3%� �&45� �$$&44� �035� "/%� �06/%"3:<

�$"/� �3$)*5&$563&�� �)*4� 1307*%&4� 4611035� '03� 4:45&.<-&7&-

4$"/� "$$&44�� �/� "%%*5*0/�� ,&:� %&#6(� 4611035� '&"563&4� "3&
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--�.� #-� �� -�.� ) � -��(� .))&-�  ,)'

��2�-� �(-.,/'�(.-�� �(��

System
Clock

Control System
Clocks

ASIC

TAP

ASIC

TAP

ASIC

TAP

Printed
Circuit
Board

Scan
Adapter
Board

Asset
Interface

Pod

ASIC

TAP

Printed
Circuit
Board

Board-
Level
DFT
Circuits

Halt

IEEE 1149.1 Bus

Ethernet
RS-232

Asset PC

DFT = Design for Testability

System Board

#(�),*),�.��� #(.)� ."�� -3-.�'� �&)�%� �)(.,)&&�,� �"#*� .)� �&&)1

 ),� "�&.#(!� �(�� �)(.,)&&#(!� ."�� -3-.�'� �&)�%-�� �/,."�,� #( ),5

'�.#)(� )(� -3-.�'� �&)�%� �)(.,)&&�,�  ��./,�-� ��(� ���  )/(�� #(

,� �,�(��� �	�

�#!�� 
� -")1-� �� �#�!,�'� ) � ."�� -3-.�'5&�0�&� -��(� ����--� "�,�5

1�,��� �"�� ��2�-� �(-.,/'�(.-� ��5��-��� 
--�.� .))&-�.� #-� /-��

�-� ."�� #(.�, ���� .)� -3-.�'� -��(�� �"�� 
--�.� ��� #-� �)((��.��� .)

�� -��(� ���*.�,� �)�,�� 0#�� ."�� 
--�.� #(.�, ���� *)��� �"�� -��(

���*.�,� �)�,�� ."�(� *&/!-� )(.)� ."�� -3-.�'� �)�,�� �(�� *,)5

0#��-� �)(.,)&� ) � ."�� -3-.�'� �&)�%� �)(.,)&&�,�  ��./,�-�� ."�� �
�

�)(.,)&&�,� �(�� -3-.�'� &)!#�� ,�-�.�� ."�� �&)�%� "�&.� .,#!!�,-�� �(�

."�� ���� ��0#��� �&)�%� "�&.�  ,)'� ."�� 
--�.� -) .1�,��� �"�� -��(

*�."-� #(� ."�� -3-.�'� �,�� �)( #!/,��� �-� �� -#(!&�� -�,#�&� -��(

�"�#(� 1#."� )*.#)(�&� -3-.�'� �)�,�-� #'*&�'�(.��� �-� �3(�'#�

-��(� *�."-� ."�.� ��(� ��� �)( #!/,��� #(� 
--�.�

�"�� 
--�.� -��(� .))&-� *,)0#��� ."��  )&&)1#(!� ��*��#&#.#�-�  ),

-3-.�'� -��(� ����--�

• �(.�,��.#0�� �)(.,)&� ) � -��(� *�."� ��.�� �(�� �
�� �)(.,)&&�,� #(5

-.,/�.#)(-� 1#."� -��(5�#.� (�'�� '�**#(!� �(�� *��%#(!� �(�

/(*��%#(!� ) � -��(� ��.��

• ���,)� -�,#*.#(!� ��*��#&#.#�-�  ),� �)'�#(#(!� -�0�,�&� #(.�,��.#0�

)*�,�.#)(-� #(.)� �� -#(!&�� '��,)� �)''�(��� 
--�.� �&-)� ����*.-

-�,#�&� 0��.),�  ),'�.� -��(� 0��.),-�  ),� /-�,5��0�&)*��� .�-.-�

• �*��# #��.#)(� ) � -3-.�'� -��(� *�."� �)( #!/,�.#)(�  ),� �3(�'#�

-��(� *�."-� �(�� )*.#)(�&� �)�,�-�� -/�"� �-� ���-�� '�'),3

�2.�(��,� �)�,�-�� �(�� ����

• ���(� *�."� #(.�!,#.3� .�-.#(!� �(�� �)/(��,3� -��(� #(.�,�)((��.

.�-.#(!� ) � #(.,��)�,�� �(�� #(.�,�)�,�� (�.-�

• �)(.,)&� ) � -3-.�'� �&)�%� "�&.�� -#(!&�5�3�&�� -.�**#(!�� �(�

-3-.�'� �(�� �
�� ,�-�.�

�������� 	��� ���
�������

�"�� ���� .��"(#+/�-� ��-�,#���� ��)0��� 1"#�"� 1�,�� �"�'5

*#)(��� �3� ."�� ���� �),�� .��'�� 1�,�� #'*&�'�(.��� #(� -�0�,�&

�#  �,�(.� 
���-� 1#."� 0�,3#(!� ��!,��-� ) � ��"�,�(��� .)� ."�

���� ,/&�-� �(�� '�.")�)&)!3�� �(� !�(�,�&�� ,�-/&.-� )�.�#(��

�/,#(!� *,).).3*�� �"#*� ���/!� "�0�� -")1(� �� �#,��.� �),,�&�.#)(

��.1��(� ."�� &�0�&� ) � ���� #'*&�'�(.�.#)(� �(�� ."�� ,�*#�#.3� ) 

.�-.� ��0�&)*'�(.�� �"#*� �"�,��.�,#4�.#)(�� �(�� ,)).5��/-�� �(�&5

3-#-�� �),� �2�'*&��� 1"#&�� ."�� .",��� '�'),3� -/�-3-.�'� 
���-

1�,�� ."�� &�-.� .)� ,���"� .�*�� ,�&��-��� ."�-�� �"#*-� 1�,�� ."��  #,-.

.)� ,���"� ."�� )*�,�.#)(�&� .�-.� ,�&��-�� ������ �(�� ,�&��-�� .)

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

"#!"5+/�&#.3� �(�� �)'*,�"�(-#0�� .�-.� -�.-�  ),� ."�-�� �"#*-� �(5

��&��� �"#*� �"�,��.�,#4�.#)(� �  ),.-� .)� ��� -.�,.��� ,#!".� �1�3�

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

#.� *)--#�&�� .)� .,�(- �,� ."�� .�-%� ) � .�-.#(!� *,).).3*�� �"#*-

�1"#�"� �,�� /-��� #(� ."�� *,).).3*�� -3-.�'-�� .)� ."�� '�(/ ��5

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

�0�#&��&�� .)� *�, ),'� �"#*� �"�,��.�,#4�.#)(�� �(� ./,(�� -/���-- /&
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