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type  length is  range  0 to  1E9
units

um;
mm = 1000 um;
cm = 10 mm;
m = 1000 mm;
in = 25.4 mm;
ft = 12 in;
yd = 3 ft;
rod = 198 in;
chain = 22 yd;
furlong = 10 chain;

end units ;

type  resistance is  range  0 to  1E8
units

ohms;
kohms = 1000 ohms;
Mohms = 1E6 ohms;

end units ;� � � � � � � � � 	 � � � � � � � 	  � � � � � �
time
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type  time is range  implementation_defined
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fs;
ps = 1000 fs;
ns = 1000 ps;
us = 1000 ns;
ms = 1000 us;
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min = 60 sec;
hr = 60 min;

end units ;� 
  � 	 � � � � � � � � 
 � � 
 � � � � � � 	  � � � � � � � � 
 �  � 	 � � � � � � � � � � � � 
 � � 
  � � � �
� � � � � 	 � � | 
 � � B � � � � � H

10 mm    1 rod    1200 ohm    23 ns

3 4 3 4 ] 4 Ó Ï 7 � ; E : � Î 7 E : ; º » ¼ 9 <
� � � 
 � � 	 � � � 
 	 � � � � � � 	 � � � 	 �  � � � � � � � � 
 B 	 � � � 	 
 � � 
 � � � � � � 
 � � � � �

� � � � � � � 	 � � � � �  	 � 	 � � � � � � � � � � � � � �  	 � 	 
 � 
 � � � � � � � � 
 B 	 � � � 	 
 � 	 � � 
 �
� � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 B � �  	 � � �
� 	 � 	 � � � � � � � � � � � � � � � 	 �  � � � � � � � � � � � Ç � � Ë Ê � 
 Í � � Ë Ê � � � � 
 � � 	 � � � 
 	 � �

� � � � 	 � � �  � � � � � � � 	 � � � � � � � � � � B H
N R X c M I L Y W M ¦ f K W J K N I L I M I X L P Q O c L Y K W a X L m M O c I L M

� 
 � � � B � � � � � � � � � H
type  signal_level is range  –10.00 to  +10.00;

type  probability is  range  0.0 to  1.0;� � � � � 	 � � � � � � � � 	 � � � � � 
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type  logic_level is  (unknown, low, undriven, high);

type  alu_function is  (disable, pass, add, subtract, multiply, divide);

type  octal_digit is  ('0', '1', '2', '3', '4', '5', '6', '7');� � � � � � � � � � � � � � � 
 � � � � � � � 	 � � � � � � � � � � � 	 
 � � � � � � � � � � 	 � � � � � � 
 � � 
  � H
type  severity_level is  (note, warning, error, failure);

type  boolean is  (false, true);

type  bit is  ('0', '1');

type  character is  (
NUL, SOH, STX, ETX, EOT, ENQ, ACK, BEL,
BS, HT, LF, VT, FF, CR, SO, SI,
DLE, DC1, DC2, DC3, DC4, NAK, SYN, ETB,
CAN, EM, SUB, ESC, FSP, GSP, RSP, USP,
' ', '!', '"', '#', '$', '%', '&', ''',
'(', ')', '*', '+', ',', '-', '.', '/',
'0', '1', '2', '3', '4', '5', '6', '7',
'8', '9', ':', ';', '<', '=', '>', '?',
'@', 'A', 'B', 'C', 'D', 'E', 'F', 'G',
'H', 'I', 'J', 'K', 'L', 'M', 'N', 'O',
'P', 'Q', 'R', 'S', 'T', 'U', 'V', 'W',
'X', 'Y', 'Z', '[', '\', ']', '̂ ', '_',
'`', 'a', 'b', 'c', 'd', 'e', 'f', 'g',
'h', 'i', 'j', 'k', 'l', 'm', 'n', 'o',
'p', 'q', 'r', 's', 't', 'u', 'v', 'w',
'x', 'y', 'z', '{', '|', '}', '~', DEL);[ 
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type  word is array  (31 downto  0) of  bit;

type  memory is array  (address) of  word;

type  transform is array  (1 to  4, 1 to  4) of  real;
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type  string is array  (positive range  <>) of  character;

type  bit_vector is array  (natural range  <>) of  bit;� � � � � � � �
positive
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type  instruction is

record
op_code : processor_op;
address_mode : mode;
operand1, operand2: integer range  0 to  15;

end record ;Ù � � � � 
 � � � � � � 
 � � � � � � 
 � � 	 � � � 
 � � � �  
 � � 
 � > �  � � � 
 � � � � � � � � �  � � �
� � � � � | 
 � � B � � � � � � � � � � 
 � � � � � �

r
	 � � � �  
 � � 
 � > �  �  
 � � � 	 � 	 � � � � 	 � � �

 � � � � �
f

� � � � � � � � � � � �
r.f

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

k 
 � � � 
 � 	 � 	 
 � � � � � � � � � � � � � � 
  	 � � 	 
 �  � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � �  	 � � � �  
 � � � 	 � � � � � � � � � � 	 � � � � � � 	 � � � �  � 
 � � � � � � 	 � � � B � � � � � �

3 4 3 4 ê 4 � _ ` ; » ¼ 9 <
� � � � � � 
 � � � � � � � � � � � � 
  � � � � � � � � � � � � � � � 
 � � � � � 
 � > �  � � 
 � �

� � � � � 	  � � � 
 �  
 � � � � � 	 � � � � � � � � � 
 � � 
 � � � � � � � � � � � � � � � � � � � B � 
 � � �  � � � 	 � �
� � � � � � � � 	 � H

m U l M ¦ f K W J K a R c O c M I X L P P Q ¬ Ð ë § ¨ © ª I J K L M I N I K O « ¬ m U l M ¦ f K W I L J I a c M I X L 
m U l M ¦ f K W I L J I a c M I X L P P Q T ´ s ± y Ü ¸ Ñ ° y · Ý ì ¸ · â Ñ ° y · Ý L c b K V M ¦ f K W b c O Þ T a X L m M O c I L M V
M ¦ f K W b c O Þ P P Q Ñ í î s Ý L c b K i ± ¸ { Ñ í î s Ý L c b K
a X L m M O c I L M P P Q O c L Y K W a X L m M O c I L M i I L J K e W a X L m M O c I L M

� � � � � � � � �  
  � � � � 
 � � � � � � � � � � | 	 � � � � � � � � � � � � � � � �  
 � � � � � 	 � � � � � � �
� � 
 � � �  � � � � � � � � � 
 � �  	 � � 	 � � � � �  	 � 	 � � � � � � � ? � � � � � �  
 � � � � � 	 � � A � | 
 �
� B � � � � � H

subtype  pin_count is  integer range  0 to  400;

subtype  digits is  character range  '0' to  '9';� �  
 � � � � � � � � � � � � � � � �  
 � � � � � 	 � � � 
 � � � �  	 � � � �  
 � � � � � 	 � � � � � � � �
� � � � � � � � �  	 � � 	 � � � 
 � � � � � 
 � � � � 	 � � 	  � � � | 
 � � B � � � � � H

subtype  id is  string(1 to  20);

subtype  word is  bit_vector(31 downto  0);� � � � � � � � �  
 � � � � � � 	 � � � � � � � � 	  � � � � � � � � � � � � 	 � � � � � H
subtype  natural is  integer range  0 to  highest_integer

subtype  positive is  integer range  1 to  highest_integer



o p ï q r s t u v w x y y z { y y z

3 4 3 4 ð 4 ñ ` ò 9 � ; ó 9 � Ï � G � ; E 7 : <
� � 
 � > �  � 	 � � � � � � � 	 � � � 	 � � � � � � � � �  � 	 � � 	 
 �  � 	  � � � � � � � � � � 
 � �

� � �  	 � 	 � � � � � � � � � � � � � � � � � � � �  � � � � � � 
 � 
 � > �  � � H  
 � � � � � � � � � � � 	 � � � � � � � �
� 	 � � � � � � � � � � � � � � 	 � � � �  
  	 � � � � � 	 �  � � � � � 	 � � � 	 � � �  � 	 
 � ô � 	 � � � � �  	 � � � �

 
 � � � � � 	 � � �  � 	 
 � Ë � � � � � � �  � � � � � 	 
 � � � � � � � 
 �  
 � � � � � � � � � � � � � 	 � � � � � 	 �
� � � � � �  � � 	 � � � � � 	 � � � � 	 � � � 
 � � � � � 	 � � � � � � � � � � � �

�  
 � � � � � � 	 � � � 
 � > �  �  � 	  � 	 � 	 � 	 � 	 � � 	 � � � � 
 � � � �  	 � 	 � � � � � � �  � � � 	 � 	 �
 � � � � � � � � � �  � 	  � � � � � 
 � � � � � � � � # � � � � � � � 
 � 	 � 	 � � � � � � � � � � � B 
 � �
 
 � � � � � � � �  � � � � � 	 
 � 	 � H

a X L m M c L M W J K a R c O c M I X L P P Q
é Á ¿ ¬ § ¾ ¿ § I J K L M I N I K O W R I m M P m U l M ¦ f K W I L J I a c M I X L T P Q K e f O K m m I X L V 

= 
 � � � � � � � �  � � � � � 	 
 � �  	 � � � � � 	 � 	 � 	 � � 	 � 	 � � � B � � � � � 	 
 � � 	 � � 	 � � � � �  � � � � �
� � � � � � � �  
 � � � � � � � � � � � � � � 
 � � � � � � � � � 	 � � �  � � � � � �  � � � � � 	 
 � � ? � � �
� �  � 	 
 � � � ~ � Ë A � � � � 	 � 	 � 	 � � � � � � � � � � � � � � 	 � � � 	 � � � �  
 � � � � � 
 � � 	 � � � �  � � � �

� 
 � � � � 
 � � � B � � � � � � H
constant  e : real := 2.71828;

constant  delay : Time := 5 ns;

constant  max_size : natural;� � � � 	 � � � � 	 � � � 
 � > �  �  � 
 � � � � � � � � � � � �  � � � � � � � � � � � 	 � 	 �  � � � � � � �
� � � � � � � � B � 
 � � �  � � � 	 � � � � � 	 � � � � � 	 � H

� c O I c l R K W J K a R c O c M I X L P P Q
õ ¾ ½ « ¾ ë ö ª I J K L M I N I K O W R I m M P m U l M ¦ f K W I L J I a c M I X L T P Q K e f O K m m I X L V 

� � � 	 � 	 � 	 � � � � � � � � B � � � � � 	 
 � � 	 � � � � � � � � � 	 � � � � � � � � � � � � � � � � 	 � � � � � 
 � � �
� � � 	 � � � �  � � � 	 � 	 �  � � � � � � � ! � � � � � B � � � � � 	 
 � 	 � � � � � � � � � � � � � � � � � � � � � 	 �

� � � 	 � � � �  � � � � � � � � � 	 � � � � 	 �  � � � � � � � � � � � � � � � � � � � � � � � 
 � �  � � � � � � � � � 	 �
� � � � � � � � 
 � � � � � � � � 
 � � � � � � � � � � � � � 	 � � � � � 	 � � � 	 � � � � � 	 � � 
 � � � � � � � � � � � 	 
 �
� � � � � � � � � 
  � � � 	 � � � � �  � � � 	 � � � � � � � � 
 � � � � � 	 � � � � � 	 � � � � �  � � � 	 � �
� � � � � � ! � � � � � � � 	 � � � � 	 � �  
 � � 
 � 	 � � � � � � � � � � � � � � � � � � � � � � 	 � � � �
 
 � � 
 � 	 � 	 
 � 
 � � � � � � � � � � � � � � � � � � 
 � � �  � � � � � � � � � � � � � � 
 � � � � � � � � � � �
� � � � � �

� 
 � � � B � � � � � � 
 � � � � 	 � � � � � �  � � � � � 	 
 � � H
variable  count : natural := 0;

variable  trace : trace_array;� � � � � 	 � � � � � � � � �
trace_array

	 � � � � � � � � 
 �
boolean

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

trace
	 � � � � � � � �  	 � � � � � � � � � � � � � � � � 	 � � � � � � � � � �

false
�

÷ 	 � � � � � � B 	 � � 	 � � 
 � > �  � � 	 � 	 � � 
 � � 	 � � � � 
 � 	 � � � � � � � � � � � � � � � � � � 
 � � �

 � > �  � 
 � � � � � 
 � 	 � � � � 	 � 	 � � 
 � � � � 	 � � � � � � � 	 � � � �  � � � � � 	 
 � � � � � � � � � � B 	 � H

c R I c m W J K a R c O c M I X L P P Q ¾ ö « ¾ ¬ I J K L M I N I K O P m U l M ¦ f K W I L J I a c M I X L « ¬ L c b K 
� � � � � � � �  � � 
 � � � � 	 � � 	 � 	 � � � � � � � � � � � � � � � � � � � �  � � 
 � � � 
 � > �  � 
 � � � � �
 
 � � � � � 
 � � 	 � � � 
 � � � � � 	 � � � | 
 � � B � � � � � H

variable  instr : bit_vector(31 downto  0);

alias  op_code : bit_vector(7 downto  0) is  instr(31 downto  24);� �  � � � � � � � � � � � �
op_code

� 
 � � � � � � 	 � � � 
 � � � � � � � � � � 
 � � � 	 � � � � 	 � � 
 �
instr

�
3 4 3 4 ø 4 Ú ; ; G E ` _ ; 9 <

� � � � � � � � 
 � > �  � � � �  � � � � � 	 � � � � � � � � �  � 	 � � 	 
 �  � � � � � � � � � 	 � 	 
 � � �
	 � � 
 � � � � 	 
 � �  � � � � � � � � � 	 � � � � � � � � � 
  	 � � � �  	 � � � � � � � � � � � � � � � � � � � � � �

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



o ¯
  

t u v w ° ± w ° z s ² ³ ´ y µ ´ ² ¶ ¶ ° · µ w ² · µ ¸ ² µ s o p ù

� � � � 	 �  � � � � � � � � � � � � � � � � 	 � � � � 	 � � � � � � � �  � � � � 	 � � � � � @ � " � 
 � � � 	 
 � � | 
 �
� B � � � � � �

thing'attr� � � � � � � 
 � � � � � � � 	 � � � �
attr


 � � � � � � � � 
 � 
 � > �  �
thing

�
| 	 � � � � � � � 
 � � � � �  � � � � � � � � 
 � � � � � � � � � � � � � � 
 � � 
  	 � � � � � � 	 � � � � �  � � � �

� � � � H
� � � � 	 � � � � ú � � � � �
� � � � � � � � � � � 
 � � � 
 � �
� � � 	 � � � ú 	 � � � � 
 � � � 
 � �
� � � 
  � 
  � � � 
 � � � 
 � �
� � � 	 � � \ � � � � � 
 � � � 
 � �

| 
 � � � � �  � � � 	 � � � � � � � � � � � � � � û � � � 
  � � � � � � � 	 � � � û � � � 	 � � � | 
 � �
� � �  � � � 	 � � � � � � � � � � � � � � û � � � 	 � � � � � � � � � 	 � � � û � � � 
  �

� �  
 � � � � � � 
 � � � � � 	 �  � � � � 
 � � � � � 	  � � � � � � 
 � � � � � � � � � � � � � � � � � � 
 � � �
� � � [ � � 	 � � � � � � � � � � � 
 � � 
  	 � � � � � � 	 � � � � �  � � � � � � � � H

� � � � 	 � � � � ú � � � � �
� � � 
 � ? � A æ 
 � 	 � 	 
 � � � � � � � 
 � � 	 � �
� � � � � ? [ A � � � � � � � � 
 � 	 � 	 
 � [ 	 � �
� � � � � � 
 � ? � A � � � � � 	 � �  � 	  � 	 � 
 � � � 
 � 	 � 	 
 � � � � � � � 
 � �
� � � 	 � � � 
 � ? � A � � � � � 	 � �  � 	  � 	 � 
 � � � 
 � 	 � 	 
 � � 	 � � � � � 
 � �
� � � � � � ? � A � � � � � 	 � �  � 	  � 	 � 
 � � � 
 � 	 � 	 
 � � 
  � � � � � � �
� � � �   ? � A � � � � � 	 � �  � 	  � 	 � 
 � � � 
 � 	 � 	 
 � � 	 � � � � � � � � �

| 
 � � � � �  � � � 	 � � � � � � � � � � � � � � 
 � ? � A û � � � � � � ? � A � � � � � � � 	 � � � 
 � ? � A û
� � � �   ? � A � | 
 � � � � �  � � � 	 � � � � � � � � � � � � � � 
 � ? � A û � � � �   ? � A � � � � � � � 	 � � � 
 � ? � A

û � � � � � � ? � A �
� � 	 � � � � � � 
 � � � � � � � � � � � � � 
 � 
 � > �  � � � � � � [ � � 	 � � � � � � � � �  � � � � � � �

� � � � � � � � � 
 � � 	 � � � � 	 
 � � 
 � � � � � � � 
 � � 
  	 � � � � � � 	 � � � � �  � � � � � � � � H
� � � � 	 � � � � ú � � � � �
� � � � � � ? [ A � � � � � 
 � � � 
 � 	 � � � B � � � � � 
 � � 	 � " � [ 
 � �
� � � 	 � � � ? [ A ú 	 � � � � 
 � � � 
 � 	 � � � B � � � � � 
 � � 	 � " � [ 
 � �
� � � 
  ? [ A � 
  � � � 
 � � � 
 � 	 � � � B � � � � � 
 � � 	 � " � [ 
 � �
� � � 	 � � ? [ A \ � � � � � 
 � � � 
 � 	 � � � B � � � � � 
 � � 	 � " � [ 
 � �
� � � � � � � ? [ A ! � � � B � � � � � 
 � � 	 � " � [ 
 � �
� � � � � � � � � ü � � � � � ? [ A ú � � � � � � 
 � 	 � � � B � � � � � 
 � � 	 � " � [ 
 � �
� � � � � � � � ? [ A � � � � � � 
 � 	 � � � B � � � � � 
 � � 	 � " � [ 
 � �

$ % ý % . ) � þ ( 2 2 * ÿ 0 2 , 0 � � � ( þ , 1 ÿ þ 2
� B � � � � � 	 
 � � 	 � � � � � � � � � �  � � 	 � � � B � � � � � 	 
 � � 	 � 
 � � � � � � 
 � � � � � 	 � �

� � � � � � � � � � � � � B � � � � � 	 
 � 	 � � � 
 � � � � �  
 � � 	 � 	 � � � � 	 � � � 	 � �  	 � �

 � � � � � 
 � � � æ � 	 � � � 	 � � 	 �  � � � � � � � � � 
 � 
 � > �  � � � � 	 � � � � � � � � � �  � 	 
 �  � � � � � � �
� � � � � � � � � 	 � � � � B � � � � � 	 
 � � � � � � � � � 
 � � � � � � 	 � � � � 	 � � � � � � � � � 	 � 
 � � � � 
 �

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

and
�

or
�

nand
�

nor
�

xor
� � �

not

 � � � � � � 
 � � � � � � � 
 �

� � � �
bit


 �
boolean

� � � � � � � 
 
 � 
 � � � � 	 � � � � 	 
 � � � � � � � � � 
 � � � � � � � � � � � � | 
 �
� � � � � 
 � � � � � � � � � � � 
 � � � � � 	 
 � 	 � � � � � 	 � � � � �  � � �  
 � � � � � 
 � � 	 � � � � � � � � � � 
 �

� �  � � � � � � � � 	 � � � 	 � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � | 
 �
bit

� � �



o p � � q r s t u v w x y y z { y y z

� 	 � � � � � � � �  � � � �  � H � �
abs not� �

mod remÍ ? � 	 � � A Ç ? � 	 � � A
Í Ç �
û � û ä ä û å å û

� 
  � � � � � �  � � � �  � H
and or nand nor xor

� � � � ¤ � 	 
 � � ¡ ¤ � � £ � � � � Ä Å ¡ � ¤ � ¤ Å ¤ Ä � ¤ �

boolean

 � � � � � � � �

and
�

or
�

nand
� � � �

nor
� � � @ � � 
 � � �  	 �  � 	 � " 
 � � � � � 
 � � � � � � �

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


and
� � �

nand

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

� � � � � � � 
 � � � � � � 	 � � � � � 
 � � � � � � � �
or

� � �
nor


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

 � � � � � � 	 � � � � � � � � 
 � � � � � � 	 � � � � � � 
 � � } � �

� � � � � � � � 	 
 � � � 
 � � � � � 
 � � û � � û � ä � ä û � å � � � å û � � � � � � � � � 
 � � 
 � � � � � � �

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

boolean
� � � � � � � � � � � � # � � � 	 � � 
 � � � � � 
 � � ? û � � � � û A

 � � � � � � 
 � � � � � � � 
 � � � � � � � � � | 
 �  
 � � 
 � 	 � � � � � � � � �  
 � � � � � � � � � � # � � � 	 �
� � � 
 � � � � 	 �  
 � � � � � 
 � � 	 � � � � � � � � � � � � � � # � � � � � � � � � � � 	 � 	 � � 
 � � � � � 
 � �

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

� � � � 	 � � 
 � � � � � 
 � � ? Í � � � Ç A � � � � � � � � � 	 � 	 
 � ? Í A � � � � � � � � �  � 	 
 � ? Ç A

 � � � � � 
 � � � � � � � � � 	 � � � � � � � � � � 	 � � 
 � � � � � � 	  
 � � � � � � � � � � �
 
 �  � � � � � � 	 
 � 
 � � � � � 
 � ? � A 
 � � � � � � � 
 � 
 � � � � 	 � � � � 	 
 � � � � � � � � � � 
 � 
 � � �
� �  � � � � �  	 � � � � �  
 � � � � � � 
 � � � � � 	 � � � 
 � � � � � � � 
 � � 
  	 � � � � �  
 � � � � � � 
 �
� � � � � � � 
 � � � � � � � ! �  � � � � � 
  
 �  � � � � � � � � � 	 � � � � � �  � � � � � � � � 
 � � � � � � � �

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

� � � � � � � 	 � � 	  � � 	 
 � ? � A � � � � 	 � 	 � 	 
 � ? � A 
 � � � � � 
 � �  
 � � 
 � 	 � � � � � � � � � 
 � � 	 � �
� 
 	 � � � � � � � � � 	  � � � � � � � � � � � � � � � � � 
 � � � � � ?

mod
A � � � � � � � 	 � � � � ?

rem
A


 � � � � � 
 � � 
 � � �  
 � � 
 � 	 � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � ?
abs

A 
 � � � � � 
 �
 
 � � � 
 � � � � � � � � � 	  � � � � � | 	 � � � � � � � � � � B � 
 � � � � 	 � � 	 
 � ? � � A 
 � � � � � 
 �  � �
� � � � � � 	 � � � � � � 
 � � � 
 � � 	 � � � 
 	 � � � � � � 
 � � � � � � � � � � � � � � � � � � � � 	 � � � � � �
� 	 � � � 
 � � � � � � � � � � � � � 	 � � � 	 � � � 
 � � � � � � 	 � 
 � � � � � � 
  � � 	 � � � � � � � � 
 � � � � � �
	 � � � � 
 � � 	 � � � 
 	 � � � � � � � � �

$ %  % � ( � � ( 0 1 * , - � 1 , 1 ( / ( 0 1 2
� � � �  
 � � � 	 � � � � � � � � � 
 � � �  	 � 	 � 	 � � � 
 � � 
 � 	 � � 	 � � � � � � � � � � 
 � 
 � > �  � �

� � �  
 � � � 
 � � 	 � � � � � � � 
  
 � � B �  � � 	 
 � 
 � � 
 � � � � � � � � � � � � � � 	 �  � � � � � 	 � � � 	 �
� �  � 	 
 � �

3 4 � 4 5 4 � � G E � ` Ï 9 Ú < < E � : 8 9 : ;
� � 	 � 
 � � � � � � 
 � � � � � 	 � � � � � � � � � � � � � � � � 	 � � � � 	 � � 	 � � � � � �  � � � � �

� � 	 � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � B 	 � H
� c O I c l R K W c m m I Y L b K L M W m M c M K b K L M P P Q M c O Y K M P Q K e f O K m m I X L 

M c O Y K M P P Q L c b K i c Y Y O K Y c M K
! � � � � � 	 � � � � � �  � � � � � � � � � � � � � 
 � � � � � � � 	 � � � � � � 	 � � � 
 � > �  � � � � � � � � �

� � � � � � � � 
 � � � � � B � � � � � 	 
 � 	 � � 	 � � � � 
 � � � � � � � � 
 � > �  � � � � � 
 � > �  � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � �



o ¯
  

t u v w ° ± w ° z s ² ³ ´ y µ ´ ² ¶ ¶ ° · µ w ² · µ ¸ ² µ s o p � �

! � � � � � � � � � � 
 � � � � � � � 	 � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � �
� � � � � � 
 � > �  � � � � � � � � � � � � � � � � � � 
 � � � � � B � � � � � 	 
 � � � � � � � �  
 � � 
 � 	 � �
� � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � | 	 � � � � � � � � � � � � � � � � � 	 � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � B � � � � � 	 
 � 	 � � � � � � � � � � � � � � � � � � � � � � �
 
 � � 
 � � � � � 
 � � � � � B � � � � � 	 
 � � � � � � � � � � � � 	 � � � � � 
 � � � � � � � � � � � 	 � � � � � �
� � 	 � 	 � � � � �  � 	 � � � � � � � � � � � � � � � � 	 � � � � � � � | 
 � � B � � � � � � 	 � � � � � 	 � � � �

r
	 � �

� �  
 � �  	 � � �  
 � 	 � � � �
a

� � �
b

� � � � � � � � �  
 � � � � � � B  � � � � � � � �  � 	 � 	 � �
(a => r.b, b => r.a) := r? [ 
 � � � � � � � � 	 � 	 � � � � B � � � � � � 
 	 � � � � � � � � � � 
  � �  � � � � � � 	 � � � � � �  
 � � � ô

	 � 	 � � 
 � � � � B � � � � � 
 � � 
 
 � � � 
 � � � � � 	 � � � � �  � 	  � � A
3 4 � 4 3 4 C F � ; � ; 9 8 9 : ;

� � � 	 � � � � � � � � � � � � � 
  � � � � �  � 	 
 � 
 � � � � � � � � � � � � 
 � B �  � � � � � � � � � 	 � � 
 �

 � � 
 � � 
 � �  
 � � 	 � 	 
 � � � � � � � � � � � B 	 � H

I N W m M c M K b K L M P P Q
« Û a X L J I M I X L § � ª ¿

m K � U K L a K W X N W m M c M K b K L M m
S ª ö ¬ « Û a X L J I M I X L § � ª ¿

m K � U K L a K W X N W m M c M K b K L M m Z
T ª ö ¬ ª

m K � U K L a K W X N W m M c M K b K L M m V
ª ¿ Â « Û 

� � �  
 � � 	 � 	 
 � � � � � � B � � � � � 	 
 � � � � � � � � 	 � � 	 � � 
 
 � � � � � � � � � � � � � �
 
 � � 	 � 	 
 � � � � � � � � � � � � � � � �   � � � 	 � � � � � � � 	 � 
 � � � 
 � � � � � � � � 	 � � � � � � � � � � � �
� � � � � ! � � � � �  � � � � � �  
 � � � � � 
 � � 	 � � � � � � � � � � � � 	 � � 	 � � B �  � � � � � � � � � �  	 � � �
	 � � � � � � � �  � � � � � 	 � � � � � � � � � 	 � � � � � � � � � � � � 	 � � 	 � � B �  � � � � �
3 4 � 4 ] 4 6 � < 9 � ; � ; 9 8 9 : ;

� � �  � � � � � � � � � � � � � � � 
  � � � � �  � 	 
 � 
 � � � � � � � � � � � � 
 � B �  � � � � � � � � � 	 � �

 � � � � � � � � � 
 � � � � � �  � 	 
 � � B � � � � � 	 
 � � � � � � � � � � B 	 � H

a c m K W m M c M K b K L M P P Q
é ¾ ¬ ª K e f O K m m I X L I m

a c m K W m M c M K b K L M W c R M K O L c M I � K
S a c m K W m M c M K b K L M W c R M K O L c M I � K Z

ª ¿ Â é ¾ ¬ ª 
a c m K W m M c M K b K L M W c R M K O L c M I � K P P Q

Ã � ª ¿ a ® X I a K m Q à
m K � U K L a K W X N W m M c M K b K L M m

a ® X I a K m P P Q a ® X I a K S i a ® X I a K Z
a ® X I a K P P Q

m I b f R K W K e f O K m m I X L
i J I m a O K M K W O c L Y K

� s Ü s ¶ s · Ñ Ý m I b f R K W L c b K
i Á § � ª ½ ¬

� � � � � � �  � 	 
 � � B � � � � � 	 
 � � � � � � � � � � � 	 � � 	 � � � � � � 	 �  � � � � � � � � � 
 � � 
 � � �
� 	 � � � � 	 
 � � � � � � � � 
 �  � � � �  � � � � � � � � � � � � � � � � 	 � �  � 
 � �  � 
 	  � � 	 � �

	 �  � � � � � � � � � � � � � 
 � � � � � B � � � � � 	 
 � 	 � � � � �  � � � � � � � � � � � � � � � � � � � 	 � �
� B �  � � � � � [ 
 � � � � � � � � � � � �  � 
 	  � � � � � � � � � 	 � � 	 �  � � � � � � 	 � � � 
 � � � � � � � � � �

� � � � 	  � � � � � | � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � �  � 
 	  �
� 	 � � � � 
 � � � � � � �  	 � �  � 
 	  �

others
� � � � � � 	 �  � � � � � � � � � � � � � � � � � � � � � � 	 � � � ! �

� 
  � 
 	  � � 	 � � 	 �  � � � � � � � � � � � � � 
 � � � � � B � � � � � 	 
 � � � � � 
 � � � � � � � � � � � � � 	 � � 	 �
� � � �  � � � � ! � � � � � B � � � � � 	 
 � � � � � � � � 	 � � � � � � � � � � � � � � � �  � 
 	  � � � � � � �
� � � 	 � � � 
 � � 	 � � � � 	 � � � �



o p � o q r s t u v w x y y z { y y z

� 
 � � � B � � � � � � 
 �  � � � � � � � � � � � � � H
case  element_colour of

when  red =>
statements for red;

when  green | blue =>
statements for green or blue;

when  orange to  turquoise =>
statements for these colours;

end case ;

case  opcode of
when  X"00" => perform_add;
when  X"01" => perform_subtract;
when others  => signal_illegal_opcode;

end case ;

3 4 � 4 � 4 � 7 7 ¼ � ; � ; 9 8 9 : ; <
� � � � � � � � � � � 	  � 
 
 � � � � � � � � � � �  � 	  �  � � � � � � � � � � � � � � 
 � 
 � � � � �

� � � � �  � 	 � � � � � � 
 � � 
 
 � � � � � � 	 � 
 � � � � � � 
 � � � � � 	 � � � � � � � � � � � � � � �
� � � � � B 
 � � � � � 
 
 � � � � � � � � � � 	 � H

R X X f W m M c M K b K L M P P Q
T Ü y y î Ý R c l K R P V

T I M K O c M I X L W m a ® K b K V ö Á Á ©
m K � U K L a K W X N W m M c M K b K L M m

ª ¿ Â ö Á Á © T R X X f W R c l K R V 
I M K O c M I X L W m a ® K b K P P Q

Ã � « ö ª a X L J I M I X L
i Û Á ½ Ü y y î W f c O c b K M K O W m f K a I N I a c M I X L

f c O c b K M K O W m f K a I N I a c M I X L P P Q
I J K L M I N I K O « ¿ J I m a O K M K W O c L Y K

! � � � � 	 � � � � � 	 
 � �  � � � � 	 � 
 � 	 � � � � �  � � � � � � 
 
 �  � 	  �  	 � � � � � � � � � � �
� �  � 
 � � � � � � � � � � � � � 	 � � � � 	 � 	 � � � � � � � � B � � � � � 
 � � �  � � � � � 	  � 
 
 � 	 � H

loop
do_something;

end loop ;� � �  � 	 � � 	 � � � � � 	 
 � �  � � � � � � � 
  � � � � � �  
 � � 	 � 	 
 � � 
 � � � � � � � � � � � � � � 
 � �
� �  � 	 � � � � � 	 
 � � � � � 	 � � � � � 	 
 � 
 � � � � � 
  � � � � 	 � � � � � � � � � � � � � � � � � � 
 � � � � � ! �
� � � � � � � 	 � � � � � � � � � � � 
 
 � � � � � � � � � � � � � � 	 � � � � � � � � � B � � � � � H

while  index < length and  str(index) /= ' ' loop
index := index + 1;

end loop ;� � � � 
 � 	 � � � � � 	 
 � �  � � � � � � � 
  � � � � �  	 � 	 � � � � � � � � 
 � 	 � � � � � 	 
 � � � � � �
� 
 
 � � � � � � � � � � � � �  	 � 	  � � 	 
 � � �  � � � � � � � 
 � > �  �  � 	  � � � � � � 
 � � �   � � � 	 � �
� � � � � � � � 
 � � � � � 	 � � � � � � � � � 
 � � �  � 	 � � � � � 	 
 � 
 � � � � � 
 
 � � Ù 	 � � 	 � � � �

� � � � � � � � � � � �  � 
 � � � 	 � � � � � 
 
 � � � � � 
 � > �  � 	 � � � � � � � � � � �  
 � � � � � � � � � � � 

� � � � 
 � � � � � � 	 � � � � � 
 � � � � 
 � > �  � � 
 � � � 
 � � B 	 � � � � � 
 � � � B �  � � 	 
 � 
 � � � �
� 
 
 � � � � � � � � � � � � � � B � � � � � H

for  item in  1 to  last_item loop
table(item) := 0;

end loop ;� � � � � � � � �  
 � � � 	 � 	 
 � � � � � � � � � � � � �  � 	  �  � � � � � � � � 	 � � 	 � � � � 
 
 � � 

� 
 � 	 � � � � � � � � 	  � � � � � � � 
 � 	 � � � � � 	 
 � � � � � @ � � B � " � � � � � � � � � � � � � 	 � � � � �
� B �  � � 	 
 � 
 � � � �  � � � � � � 	 � � � � � 	 
 � � � � � � � � � � � � � � � � � � # � � � � 	 � � � � � 	 
 � � � � �



o ¯
  

t u v w ° ± w ° z s ² ³ ´ y µ ´ ² ¶ ¶ ° · µ w ² · µ ¸ ² µ s o p � ¹

@ � B 	 � " � � � � � � � � � � � � � 	 � � � � � � B �  � � 	 
 � 
 � � � �  � � � � � � 	 � � � � � 	 
 � � � �
� � � � 	 � � � � � � � � � 
 
 � � � � � � � � � � B 
 � � � � � � � � � � � � � � � � 	 � H

L K e M W m M c M K b K L M P P Q ¿ ª � § T R X X f W R c l K R V T Ã � ª ¿ a X L J I M I X L V 
K e I M W m M c M K b K L M P P Q ª � « § T R X X f W R c l K R V T Ã � ª ¿ a X L J I M I X L V 

! � � � � � 
 
 � � � � � � 	 � 
 � 	 � � � � � � � � � � � � � � � � � � � � � 	 � � � 
 � � � 	 � � � � � � 
 � �
� �  � 
 � 	 � � � 
 
 � � 
 � � � �  	 � � 	 � � � � � 	 � � � 
 � � � � � � � � � 
 
 � � ! � � � �  � � �  � � � � � 	 �
� � � � � � � � � � � � �  
 � � 	 � 	 
 � 	 � � � � � � � � � � 	 � � � � � 	 
 �  
 � � 	 � � � � � 
 � � � � � � � � 
 � �
� B � � � � � � H

for  i in  1 to  max_str_len loop
a(i) := buf(i);
exit when  buf(i) = NUL;

end loop ;

outer_loop : loop
inner_loop : loop

do_something;
next  outer_loop when  temp = 0;
do_something_else;

end loop  inner_loop;
end loop  outer_loop;

3 4 � 4 � 4 ^ _ Ï Ï � ; � ; 9 8 9 : ;
� � � � � � � � � � � � � � � � � � � � 
 � � � �  � � ! � � � � � � � � � � � 
 � B � � 	  	 � � � � � 
  � � � �

� 
 �  � 	 
 � 	 � � � # � 	 � � � 	 �  � � � � 	 �  � � � � � ! � 	 � � 
 � � 
 � � � � � � � � 	 �  � � �
� � � � � � � � � � �  � � � � � � � � 
 � � 	 � � � � � � � � � 
 � � � � � � � �  � 	 
 � � B � � � � � 	 
 � � � � � � �

� 	 � � � � � �  � 
 	  � � � � � � � 
 � � 
 � �  � 
 	  � � � 
 �  � 	 
 � 	 � � � # � 	 � � � � | 
 � � B � � � � � H
case  controller_command is

when  forward => engage_motor_forward;
when  reverse => engage_motor_reverse;
when  idle => null ;

end case ;

3 4 � 4 � 4 Ú < < 9 G ; E 7 : <
� � � � � � � � 	 
 � � � � � � � � � � 	 � � � � � � 
 � � � 	 � � � � � �  	 � 	 � �  
 � � 	 � 	 
 � � � � � 


� � � 
 � � 	 � � � �  
 � � 	 � 	 
 � 	 � � 	 
 � � � � � � � � � � � � � � B 	 � H
c m m K O M I X L W m M c M K b K L M P P Q

¾ ¬ ¬ ª ½ § a X L J I M I X L
T ½ ª © Á ½ § K e f O K m m I X L V
T ¬ ª õ ª ½ « § ¨ K e f O K m m I X L V 

! � � � � � � � 
 � �  � � � � � 	 � � � � � � � � � � � � � � � � � � 
 � � � � � B � � � � � 	 
 � � � � � � � � � � � 	 � � �
� � 	 � 	 � � � � � � � � �  � 	  �  	 � � � � � � � 
 � � � � 	 � � � �  
 � � 	 � 	 
 � 	 � � � � � � � ! � 	 � 	 �

 � 	 � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � 	 
 � � 	 
 � � � 	 
 � � � ! � � � � � � � � � 	 � �  � � � � �
	 � � � � � � � � � � � � B � � � � � 	 
 � � � � � � � 
 � � � � � � � �

severity_level
� ! � 	 � 	 � 
 � 	 � � � � �

� � � � � � � � � � 	 �
error

� � � 	 � � � � � 
 � � � � � � � � 	 � � � � � B �  � � 	 
 � 	 � � � � � � � � � 	 
 �
� 	 
 � � � 	 
 � 
   � � � � � � � � � � � � � � 	 � � � � � � � 	 � � � � � � � � � � � � � 
 � �
	 � � � � � � � � � � 	 
 � � � � � � � � � � � � � � � � 
 � � � \ � � � � � � � � � � � � � � � 
 � �  	 � � � � � � � � �
� � � �  
 � � � 
 � �

$ % � % � � � � þ ÿ � þ , / 2 , 0 � � , + � , � ( 2
� 	 � � 
 � � � � � � 
 � � � � � 	 � � � � � � � � � � � � � � � � � � 
 � 	 � � � � � � � � 
 � � � �

� �  	 � 	 � 	 � � 	 � � � � � 
 � � 
 � � � 
  � � � � � � � � � � � �  � 	 
 � � � � � � � � � � 
 � � 
 � 	 � � � �
� �  � � � � � �  	 � 	 � � � 
 �  
 � � �  � 	 � � � �  � � � � � 	 
 � � � � � 
 � > �  � � 	 � � 
 � 
 � � � � � � � 	 � � �
æ �  � � � � � � � � 
 � � 
 � 	 � � � � � � � � � � 
 � � � � � � � � � � �  � 	 
 � � � � 	 � � 
 � � � � 	 
 �
� 	 � 	 � � �



o p � Ò q r s t u v w x y y z { y y z

3 4 � 4 5 4 Î G 7 � 9 D _ G 9 < � : D Ó _ : � ; E 7 : <
æ � 
  � � � � � � � � � � �  � 	 
 � � � � � � 
 � � � � � � � � � �  � � � � � � � 	 � � � � � � � � � � B H

m U l f O X Y O c b W J K a R c O c M I X L P P Q m U l f O X Y O c b W m f K a I N I a c M I X L 
m U l f O X Y O c b W m f K a I N I a c M I X L P P Q

© ½ Á é ª Â Ð ½ ª J K m I Y L c M X O T Ö N X O b c R W f c O c b K M K O W R I m M Ø V
i Û Ð ¿ é § « Á ¿ J K m I Y L c M X O T Ö N X O b c R W f c O c b K M K O W R I m M Ø V ½ ª § Ð ½ ¿ M ¦ f K W b c O Þ

� � � � � � 
 � � � � � �  � � � � � 	 
 � 	 � � � 	 � � 
 � � � 	 � � � � � � � � � � � � � � � � � 
 � � � � � � �
� � �  	 � 	 � � � � � � � � � � � � � � � � � # � 	 � � � � � � � � 
 � � 
 � � � � � � � � � � � � � � 	 � 	 � � � � �

� � � � � 	 
 � � 
 � � � � � � � � � 
 � � � � 	 � � � � � � � � � � | 
 � � � �  � 	 
 � � � � � � 
 � � � � � � � � �
� �  � � � � � 	 
 � � � � 
 � � �  	 � 	 � � � � � � � � � 
 � � � � � � � � � � � � � � � � � �  � � � � � � � � �  � 	 
 �

	 �  � � � � � � � � 	 � � 
 � � 
 � � � � � � 
 � � � � � �  � � � � � 	 
 � 	 � � � � 	  � � � � � � � � 	 � � �  � � � �
� � �  	 � 	  � � 	 
 � � ? � � � � �  � 	 
 � � � ~ � Ë A �  � � � � � � � � � � � � 
 � � � � � 
 � � 	 � � 	 � � � 	 � � � �

� �  � � � � � 
 � � � 
 � � 
 � � � 	 � � � � � � � � � � � �  � � � 	 � � � � 
  � � � � � � �
� � � � � � � � B � 
 � � � �  	 � � 	 � � � � � � 
 � � � � � � � � � � � � � � 
 � � � � � � � 
 � � � � 	 � H

N X O b c R W f c O c b K M K O W R I m M P P Q î ² ´ ² ¶ s Ñ s ´ Ý I L M K O N c a K W R I m M
I L M K O N c a K W R I m M P P Q I L M K O N c a K W K R K b K L M S  I L M K O N c a K W K R K b K L M Z
I L M K O N c a K W K R K b K L M P P Q I L M K O N c a K W J K a R c O c M I X L
I L M K O N c a K W J K a R c O c M I X L P P Q

I L M K O N c a K W a X L m M c L M W J K a R c O c M I X L
i I L M K O N c a K W m I Y L c R W J K a R c O c M I X L
i I L M K O N c a K W � c O I c l R K W J K a R c O c M I X L

I L M K O N c a K W a X L m M c L M W J K a R c O c M I X L P P Q
T é Á ¿ ¬ § ¾ ¿ § V I J K L M I N I K O W R I m M P T « ¿ V m U l M ¦ f K W I L J I a c M I X L T P Q ± Ñ ² Ñ ° â Ý K e f O K m m I X L V

I L M K O N c a K W � c O I c l R K W J K a R c O c M I X L P P Q
T õ ¾ ½ « ¾ ë ö ª V I J K L M I N I K O W R I m M P T b X J K V m U l M ¦ f K W I L J I a c M I X L T P Q ± Ñ ² Ñ ° â Ý K e f O K m m I X L V

| 
 � � 
   �  	 � � 
 � � �  
 � � 	 � � �  
 � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � 
 � � �
� 	 � � � � �  � � � � � 
 � � � � � � ? � � � = � � � � � � Ë A � � 
 � � � B � � � � � �  	 � �  � � � 	 � � � � 	 �
� � � � � B � | 	 � � � � � � � � 	 � � � � � B � � � � � 
 � � � � 
  � � � � �  	 � � � 
 � � � � � � � � � � H

procedure  reset;� � 	 � � 	 � � � � � � � 	 � � �
reset

� � � � � 
  � � � � �  	 � � � 
 � � � � � � � � � � �  � 
 � �
� � � � � � � � � � 
 � �  	 � � � � � 	 � � � � � � � � # � � � � � � 	 � � � � � � � � � � 
 � � � � � �

� � 
  � � � � �  � � � � 

reset

 
 � � � � � H
reset;� �  
 � � � � � � � � � 	 � � � �  � � � � � 	 
 � 
 � � � � 
  � � � � �  	 � � � 
 � � � � � � � � � � � � H
procedure  increment_reg(variable  reg : inout  word_32;

constant  incr : in  integer := 1);! � � � 	 � � B � � � � � � � � � � � 
  � � � � �
increment_reg

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

reg
� � � � � � � �  
 � �  � � � � �

incr
�

Reg
	 � � � � � 	 � � � � � � � � � � � � � �

 � 	  � � � � � � � � � � 	 � � � � � � � � � 
 � � � � � 
 � � � 	 � 	 � � � � � � � � � � � � � � 	 � � � � 
 � > �  �
� � � � � � � � � � � 	 � � � � � 
 � � � 	 � � � � � � � � � �  � � � � � � � � 
  � � � � � 	 �  � � � � � � � � �
�  � � � � � � � � � � � � � � � � 
  	 � � � �  	 � �

reg
� � � � 	 � � � � � � � � � � � 	 � � � � � � � � � 
 � � 
 �

reg
	 �

inout
�  � 	  � � � � � � � � � �

reg
 � � � � � 
 � � � � � � � � � � � � 	 � � � � � 
 � � � � � �

� 
 � � 	 � � � � 
 � � � � 
 � � � � � � 
 � � � � � � � � � � � � � � � � �
in

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

out
�  � 	  � � � � � � � � � � � � � � � � � � � � � �

� � � 
 � � � � � � � � 	 � � � � � 
 � ! � � � � � 
 � � 	 �
inout


 �
out

� � � � � � � �  
 � �
variable � � � � 
 � 	 � � � � � � � 	 � � � � � � � � �

� � � � �  
 � � � � � � � � � � � �
incr

� 	 � �  
 � � � � � � � � � � � � � � � �  � 	  � � � � � � � � � �
	 � 	 � � � � � � � � � � �  
 � � � � � � 
 � > �  � 	 � � � � � � � � � 
 � � � � � � � � � � � � � � 
 � � � � � � � � �
� 
 � � � � � � 	 � � � � � 
 � � � � �  � � � � � � � � � � � � � � � � 
  	 � � � �  	 � �

incr
 � � � � � �

� � 
  � � � � � 	 �  � � � � � � � � � � � � � � B � � � � � 	 
 � � ÷ 	 � � � � � � � 
 � � 
 � � � �



o ¯
  

t u v w ° ± w ° z s ² ³ ´ y µ ´ ² ¶ ¶ ° · µ w ² · µ ¸ ² µ s o p � Õ

� � � � � � � � � �
in

� � � �  
 � �
constant

 
 � � � � � 
 � 	 � � � � � � � � � � � � � � � � � �
� B � � � � � 	 
 � � � � � � � � � � � � 	 � � � � � � 
 � � � � � 
 � 	 � � � � � � � � � � B � � � � � 	 
 � �  � 	  � 	 �
� � � � 	 � � 
 �  � � � � � � � � � � � � � 	 � � � � 
  	 � � � �  	 � �

incr
	 � �  � � � � 
 � � � � � 
  � � � � � �

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

� 
 � 	 � 	 
 � � � � � � � � 
 � �  
 � � 	 � � � 	 
 � 
 � � 
 � � � ? = 
 � � � � � � � 	 �  	 � � � � � � 
 � � � � 
 �
� � � � � � � � � � � 
 � � � � � � � 
 �  
 � � 
 � 	 � � � � � � � � A �  � � �  	 � � � 
 � 	 � 	 
 � � � � � � 
  	 � � 	 
 �

� 	 � � � � � � �  � � � � � � � � � � � � � � 	 � � � � � � � � 
 � � � � � � � � � � 
 � � � � � � | 
 � � B � � � � � H
increment_reg(index_reg, offset–2); -- add value to index_reg

increment_reg(prog_counter); -- add 1 (default) to prog_counter�  � � �  	 � � � � � � � � � � 
  	 � � 	 
 � � B � � 	  	 � � � � 	 � � � � � � � 
 � � � � � � � � � � � � � � � � �
� 
 � � � � � 
  	 � � � �  	 � � � �  � �  � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � �  � � � � 	 �

� � � 
 � � � � � | 
 � � B � � � � � H
increment_reg(incr => offset–2, reg => index_reg);

increment_reg(reg => prog_counter);[ 
 � � � � � � � � � � �  
 � �  � � � 	 � � �  � � B � � � � � � 
 � � � 
 � � 	 � � � � � � � � � 
 � � � �
� 
 � � � � � � � � � � � � �

incr
� � 
 � � � � � � � � � � � � � � � 	 � � � � � �

� � 	 � � � � � � � � � 	 � � � � B � � � � � 
 � � � �  � 	 
 � � � � � � 
 � � � � � �  � � � � � 	 
 � H
function  byte_to_int(byte : word_8) return  integer;� � � � � �  � 	 
 � � � � 
 � � � � � � � � � � � � | 
 � � � �  � 	 
 � � � � � � � � � � � � � � � � 
 � � � � � �

� �
in

� � � � � � 	 � 	 � � � � � � � � 	 � � 
 � � B � � 	  	 � � � � � �  	 � 	 � � � ! � � � � � � � � � � � � �  � � � �
	 � � 
 � � � �  	 � 	 � � 	 � 	 � � � � � � � � � 
 � �

constant
� � � � � � � � � � � � � � � � � � � � � � � 
 � �


 � � � 	 � � � �  � 	 
 � � � � � � � � � 	 � � � � � � �
Ù � � � � � � � 
 � � 
 � � � � � � � 
 � � � � 	 � � � �  	 � 	 � � � � � � � � � � � B � � � � 	 � H

m U l f O X Y O c b W l X J ¦ P P Q
m U l f O X Y O c b W m f K a I N I a c M I X L « ¬

m U l f O X Y O c b W J K a R c O c M I � K W f c O M
ë ª À « ¿

m U l f O X Y O c b W m M c M K b K L M W f c O M
ª ¿ Â T J K m I Y L c M X O V 

m U l f O X Y O c b W J K a R c O c M I � K W f c O M P P Q S m U l f O X Y O c b W J K a R c O c M I � K W I M K b Z
m U l f O X Y O c b W m M c M K b K L M W f c O M P P Q S m K � U K L M I c R W m M c M K b K L M Z
m U l f O X Y O c b W J K a R c O c M I � K W I M K b P P Q

m U l f O X Y O c b W J K a R c O c M I X L
i m U l f O X Y O c b W l X J ¦
i M ¦ f K W J K a R c O c M I X L
i m U l M ¦ f K W J K a R c O c M I X L
i a X L m M c L M W J K a R c O c M I X L
i � c O I c l R K W J K a R c O c M I X L
i c R I c m W J K a R c O c M I X L

� � � � �  � � � � � 	 � � 	 � � � � � 	 � � � � � � � � � � � � � � � � � 
 � � � � � � �  	 � 	  � � 	 
 � � �  � � � �
� � 	 � � �  � 	  � � � � � 
 � � � � � � � 
  � � � �  	 � � 	 � � � � � � � � � 
 � � � � � 
 � � � � � �
� � � � � 
 � � � � � � 	 � � � � � � � � 
 � � 	 � 	 � � � 
 � � � 	 � � 
 � � � � � � � � � 
 � � � � � � � � � � �
� 	 � 	 � � � 	 � � 	 � � � 
  � � � � � �  � � � � � � � � � � 
 � � � � � � | � � � � � � � 
 � � � � � � � � 	 � � � �

� � � � 
  � � � � � 	 � � �  	 � � � � � � � � � � � � � � � �  � � � � � 
 � � � 	 � � � � � � � � � � 
 � � � � �
Ù � � � � � � � � � � � 
 � � � � 	 �  � � � � � � � � � � � � � � � � � � � 	 � � � � � 
 � � � � � � B �  � � � �

� � � 	 � � 	 � � � � � � � � � � 
 � � � � � � � � � � � � � � 	 � � 	 � � �  
 � � � � � � � � 
 � � � � � � � �
� � � � � � � � � 	 � � B �  � � � � � � � � � � � � � B 
 � � � � � � � � � � � � � � � � � 	 � H

O K M U O L W m M c M K b K L M P P Q ½ ª § Ð ½ ¿ T K e f O K m m I X L V 



o p � ã q r s t u v w x y y z { y y z

! � � � � � � � � � � � � � � � � � 
   � � � 	 � � � � 
  � � � � � � 
 � � � 	 � � � � � � 
 � 	 �  � � � � � �
� B � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � 	 � � � � �  � 	 
 � � 
 � � �
	 � � � � � � � � � � � � B � � � � � 	 
 � � � � � � � � � � �  � 	 
 � � � � �  
 � � � � � � � � � B �  � � 	 � � �
� � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � B � � � � � 	 
 � 	 � � � � � � � � � � � � � � � � � � � 
 � � �
� � �  � 	 
 �  � � � �

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

out

 �

inout
� � � � 	 � � 
 � � � � � � � � � � � 
 � � � 	 � � � � � 	 � � � � �

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

 � � � �  � � � �

� � � B � � � � � 
 � � � � �  � 	 
 � � 
 � � H
function  byte_to_int(byte : word_8) return  integer is

variable  result : integer := 0;
begin

for  index in  0 to  7 loop
result := result*2 + bit'pos(byte(index));

end loop ;
return  result;

end  byte_to_int;

3 4 � 4 3 4 ñ � 9 G Ï 7 � D E : �
� � � � � � � 
  � �  
 � � � � � 
 � � � � � � 
 � � � � � � � � � � � � � � � � � � 
 � 	 � � � � � �

� � � � � � 
 � � � � � � � � � � 
 � � � � � � � � � � � � 	 � � � � � � � � � � � � � � 
 � � � � � � � � 	 � � � � �
� � 	 � � 
 � � 
 � � � � 
 � � � � � Ù � � � � � � � � � 
 � � � �  � � � 	 � � � � � � � 	 � � � �


 � � � � 
 � � � � � � � � � � � � � � � � � � 
 � �  � � � � � � � � � � � � � � � � � � 	 � 
 � � � � � � � � 	 � � � � �
� � � � � � � � � � �  
 � � � � � 
 � � 	 � � � 
 � � � � � � � � � � � � � � � � � � ? 	 � � � � � �

� � � 
  	 � � 	 
 � 	 � � � � � A � � � � � � � � 
 � � � � � � 	 � �  � 	  � � � � � � 
 � � � � 	 � � � � � � � ! �
� � �  � � � 	 � � � � �  � 	 
 �  � � � � � � � � � � � � � � � � � 	 � � � � 
 � � � � � | 
 � � B � � � � � � � � � � 
 � �
 � � �  � � � � � � � � �  
 � � � � � 
 � � � � � H

function  check_limit(value : integer) return boolean;

function  check_limit(value : word_32) return  boolean;� � � �  � 	  � 
 � � � � �  
 � � �  � 	 
 � � 	 �  � � � � � � � � � � � � 
 �  � � � � � � � � � � � � 
 �
� � � �

integer

 �

word_8
	 � � � � � � � � � � �  � � � � � � � � � � � � � � � 


test := check_limit(4095) 
 � � �  � � � � � � � 	 � � � � � �  � 	 
 � � � � �
test := check_limit(X"0000_0FFF") 
 � � �  � � � � � � � �  
 � � � � �  � 	 
 � �

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

 � � � � � 	 � � � � � � � � � � � 	 � � � � � 
 � � � � 
 � � � � � 
 � � � � � 
 � � � 	 � � � � 	 � � �  � 	 
 � � � Ë �
� � � � � � � � �  � � � � � � 
  � � B � � � 
 � � � � � � � � � � � � 
 � � � � � 	 � � � � 
 � � � 
 � � 
 � � � � � 
 � � �
| 
 � � B � � � � � � � � � � � � 	 � 	 
 � 
 � � � � � 
 � � 	 � � � � � 
 � � � � 
 � � � � � 
 � � �

word_32
 � � � � � � � � � � �  � � � 	 � � � � � �  � 	 
 � H
function  "+" (a, b : word_32) return  word_32 is
begin

return  int_to_word_32( word_32_to_int(a) + word_32_to_int(b) );
end  "+";Ù 	 � � 	 � � � � � 
 � � 
 � � � 	 � � � �  � 	 
 � � � � � � � � 	 � 	 
 � 
 � � � � � 
 � 	 � � � � � � 
 � � �

	 � � � � � � � � � 	 �  � 	 � � 
 � � � � � � � � � � � 
 � � 	 � � � � � � � � � 
  � � � � � 	 � � � � � B � � � � � 	 
 � H
X"1000_0010" + X"0000_FFD0"



o ¯
  

t u v w ° ± w ° z s ² ³ ´ y µ ´ ² ¶ ¶ ° · µ w ² · µ ¸ ² µ s o p � ç

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

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

word_32
� [ 
 � � � � � � 	 � 	 � � � � 
 � 
 � � 	 � � � � 
  � � �


 � � � � � 
 � � � � 	 � � � � � � � � � 	 B � 
 � � � 	 
 � � � � � � 
 � 
 � � 	 � � � � � � � � � 
 � � � �  � � � � � � 
 �
� B � � � � � H

"+" (X"1000_0010", X"0000_FFD0")

3 4 � 4 ] 4 Î � � � � � 9 � : D Î � � � � � 9 � 7 D » ó 9 � Ï � G � ; E 7 : <
� � �  � � � � 	 � �  
 � � �  � 	 
 � 
 � � � � � � �  
 � � � � � � � � � � � � � 
 � � � � � � � � � 
 � � 	 � � �


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

	 � 
 � � � � � � � 
 � � 
 � � � � � � � � 	 � � � � � ! � � � � � 	  � � � � � � � � � � � � 	 � � 
 �  
 � � � � � � � � � � � �

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

� � �  � � � � � � � � � � � � 	 � 	 � � 
 �  
 � � � � � H � � �  � � � � � �  � � � � � 	 
 � �  � 	  �
� � � 	 � � � 	 � � 	 � � � � � �  � � � � � � � �  � � � � � 
 � � �  � 	  � � � � 	 � � � � � � � � � � � � � �
� � � � 	 � � � � � � � 
 � � � � � � � � � � � 
 � 	 � � � � 	 � � � � � � � � � � 
 � � � � � � � � � � � � 	 � � � � � �
� � � � � B 
 � � � �  � � � � � �  � � � � � 	 
 � 	 � H

f c a Þ c Y K W J K a R c O c M I X L P P Q
© ¾ é � ¾ À ª I J K L M I N I K O « ¬

f c a Þ c Y K W J K a R c O c M I � K W f c O M
ª ¿ Â T î ² â z ² µ s W m I b f R K W L c b K V 

f c a Þ c Y K W J K a R c O c M I � K W f c O M P P Q S f c a Þ c Y K W J K a R c O c M I � K W I M K b Z
f c a Þ c Y K W J K a R c O c M I � K W I M K b P P Q

m U l f O X Y O c b W J K a R c O c M I X L
i M ¦ f K W J K a R c O c M I X L
i m U l M ¦ f K W J K a R c O c M I X L
i a X L m M c L M W J K a R c O c M I X L
i c R I c m W J K a R c O c M I X L
i U m K W a R c U m K

� � � � �  � � � � � 	 
 � � � � � 	 � � � � 	 � � �  � 	  � � � � � 
 � � � 	 � 	 � � � � 
 � � � � � 
 � � � �
� �  � � � � � � � �  � 	  � � � � � � � 
 � 	 � 	 � � � 	 � � 	 � � � � � � �  � � � � � 
 � � � ? � � � � � � � �

� � � 
 
 � � � � � 	 � � � 
 � � �  � � � � � 	 
 � �  � 	  �  � � � � 	 �  � � � � � � � � � � � � � � � � � 
 �
� 	 �  � � � � � � � � � � A

� � � B � � � � � 
 � � � �  � � � � � �  � � � � � 	 
 � H
package  data_types is

subtype  address is  bit_vector(24 downto  0);
subtype  data is  bit_vector(15 downto  0);
constant  vector_table_loc : address;
function  data_to_int(value : data) return  integer;
function  int_to_data(value : integer) return  data;
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package body  data_types is

constant  vector_table_loc : address := X"FFFF00";

function  data_to_int(value : data) return  integer is
body of data_to_int

end  data_to_int;

function  int_to_data(value : integer) return  data is
body of int_to_data

end  int_to_data;
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variable  PC : data_types.address;

int_vector_loc := data_types.vector_table_loc + 4*int_level;

offset := data_types.data_to_int(offset_reg);� � � � � 	 � 	 �  
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