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Æ ¯�¢�Ï�Á�µ�� Æ Ë0Ñ Æ ­\© ²Z¾ «0¡ ² ¨�§¬«0¡ª¡ª¢¬±9¤�¯�¢�¥ª£j±x© ² ¤p°pÀ ² ¤k«0£�±�«,°k±«,°�§k¯�¥Â¤�¢Z§]¤�©x°�¢ Ü �ÔÐ\Ñ�Þ�­\© ² ð �,ò ¾V² ©� � i¨,°p¤ ²�� «,£j±�ñ¬ü�­�¥Â¤�±�«{¤k«,µ j«{¤�¯ ²Z¾ «,£j±.ë��z¤�¨�ë{ù-­�¥Â¤´«J±\±x°�¢ ²p² ¥ª£\¦ ·´Æ ¨r±\«¬ÀVæ ² ¥ª£�§]°�¢¬« ² ¥ª£�¦J¡ÂÀ i¨J \©�¡�«,°�Ï�Á�� ² ¤k«0£�±�«{°k±F¥ª£\§Z¡ª©j±\¢ ² ®¿¥Â¤�¯�¥ª£m¤�¯�¢<Ï�Á�� ² ©\­ ² À ² µ¤�¢Z� ¾ «�Ï�Á��ÔË,�ÔÐ\ÑÊ­\°�¥�±\¦0¢z¤�¯�«,¤ ² ©\ � i¨,°p¤ ² ¤�¯�¢�§Z©\°p°�¢]£r¤ � «,£j±ñ¬ü�­�¥Â¤¿ i¢]°�¥ª �¯\¢]°k«0¡ ² © ² ¢Z±	¥ª£9Ï�Á ²Z·�� ¨ ² ¤�Ï�Áà§¬«,°k± ² «,°�¢��ÔÐ\Ñ§Z¨J�� �«,¤�¥ª­�¡ª¢ ·�Æ ¯�¢�Ï�ÁÊ¥ ² ¤RÀ\ \¥ª§¬«0¡ª¡ÂÀ%¤�¯\¢-��« ² ¤�¢]°�¨,³Ò¤�¯�¢�­\© ²Z¾¥ª£�¥Â¤�¥�«,¤�¥ª£�¦�°�¢¬«0± ² ¨0°	®�°�¥Â¤�¢ ² ¨,³���¢Z��¨0°pÀÎ¨,°=¥ª£\ �©\¤dË{¨J©x¤� �©\¤Ü �pË ê Þ/±\¢ZÄr¥ª§Z¢ ² ­�À	 �¡�«0§Z¥ª£\¦�«0£m«0±�±r°�¢ ²p² ¨J£=¤�¯\¢�­�© ² «,£j±%« ² µ
² ¢]°p¤�¥ª£�¦.¤�¯\¢�«0 \ \°�¨J x°�¥�«,¤�¢-§Z¨0£r¤p°�¨0¡ ² ¥ª¦0£j«0¡ ²Z·ê-ê Á/½=§Z¡�« ²p² ¢ ² ¯j«¬ÄL¢�­i¢Z¢Z£�±x¢ZÄL¢Z¡ª¨J i¢Z±<³X¨,°�¤�¯\¢��pÐ\ÑØ­�© ²	�«0£�±%ñ¬ü{µR­\¥Â¤��ÔË ê ±\¢ZÄr¥ª§Z¢/°�¢¬«0±�«0£�±<®�°�¥Â¤�¢�§dÀ\§]¡�¢ ²Z·�ê £.¤�¯�¢¿Ï�Á² ¥�±\¢	¢]Íx¥ ² ¤ ² «�Á�Ý-Ý §]¡f« ²p² §Z¨0£ ² ¥ ² ¤�¥ª£�¦�¨0³¿°�¨J©x¤�¥ª£�¢ ² ¤�¨ ² ¢Z£j±¨0°/°�¢]§Z¢Z¥ªÄL¢�±\«,¤k«-¤�¨<¨,°/³|°�¨0��«0£�À�±x¢ZÄr¥ª§Z¢ ·�ê £�¤�¯�¢z¯j«,°k±r®�«{°�¢±\¢ZÄr¥ª§Z¢ ² ¥�±\¢�¢dÍ\¥ ² ¤�§Z¨0�� �¡ª¢Z��¢Z£�¤k«{°pÀFº�»�¼�½Î°�¨0©\¤�¥ª£�¢ ²Z·%Æ ¯\¢Á�Ý-Ýå§Z¡�« ²p² ³|¨0° ² ¢Z£j±x¥ª£�¦	¥ ²�² ¯\¨{®¿£�¥ª£�ÚÇ¥ª¦J©x°�¢=ñ ¾ ®¿¯�¥ª¡ª¢¹¤�¯�¢º�»z¼-½	§]¡f« ²p² ³|¨0°C°�¢Z§Z¢]¥�Är¥ª£�¦�¥ ²C² ¯\¨{®¿£<¥ª£�ÚÇ¥ª¦J©\°�¢�ë â ¤�¯\¢¿Á�Ý-Ý°�¢Z§Z¢Z¥ªÄL¢�«,£j±.ºz»�¼-½ ² ¢Z£j±<°�¨0©\¤�¥ª£�¢ ² «{°�¢�£\¨0¤ ² ¯�¨¬®¿£ ·Ç¸ ¢�© ² ¢«0£Î«, i¨ ² ¤p°�¨J \¯�¢	¥ª£)¨J©\°<Åj¦0©\°�¢ ² ¤�¨m¥ª£j±\¥ª§¬«{¤�¢=«,£Î«0§]¤�¥ªÄL¢dµR¡ª¨¬®
º�»z¼-½ ² ¥�¦0£j«,¡ ¾ «0¡Â¤�¯�¨0©�¦J¯:º�»z¼-½ ² À\£�¤k«{Ím®/¨J©\¡�±�°�¢¬ó�©�¥Â°�¢�«±\¥�
V¢]°�¢Z£�¤¿¥ª£j±x¢Z£�¤�¥ÂÅj¢]° ·

{
class CL_SEND_M_ISA

// Ports are pre-defined on the ISA bus
// expansion slots and connections are made

public:
// Initialize ports to default values
void InitDefault();
// Send the message(character)

};

// Port initialization is done at  initialization or
// reset usually as part of the BIOS initilaization
// routines
void CL_SEND_M_ISA::InitDefault() {;}

// by an adapter board

void Send(uint addr, uchar message);

message)
{

asm {

mov al,  message;
out   dx, al;

}}

mov dx, addr;

void CL_SEND_M_ISA::Send(uint addr, uchar 

Declare Channel

Initialize channel (default)

Send message (character)
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ô�«,§d¯=§Z¡�« ²p² §Z¨J£ ² ¥ ² ¤ ² ¨,³Ò¤�¯�¢�³|¨J¡ª¡ª¨{®¿¥ª£\¦\÷
ñ ·���������� �!� "$#�%'&)(�*�Æ ¯�¢´Ï�Ázæ ² Á�Ý-Ý ² ¢Z£j±�§Z¡�« ²p² ¥ ² §¬«,¡�¡ª¢¬±+-, .0/	132 4 56.�7 ¾ ®¿¯\¥�¡ª¢�¤�¯�¢�º�»�¼�½a°�¢Z§Z¢Z¥ªÄL¢<§Z¡�« ²p²¥ ² §¬«0¡ª¡ª¢¬± +-, 89/:+ . 56.07 â ¤�¯�¢ � «0£�±ÊÐØ°�¢]³|¢]°%¤�¨¤�¯\¢���« ² ¤�¢]° Ü ¥�£\¥Â¤�¥f«{¤�¨0°dÞ�«0£j± ² ¢d°�ÄJ«,£r¤ Ü °�¢ ²  i¨0£j±\¢d°dÞ�¨0³¤�¯\¢	§]¨J���.©\£�¥ª§¬«{¤�¥�¨0£ · Ú\¨0°.¤�¯\¢	Ï�Á ¾ ¤�¯\¢	�ÔÐ\Ñú i¨,°p¤ ²«{°�¢9 \°�¢]µR±x¢]Åj£\¢¬±Ø¨0£È¤�¯\¢9¢]Íx j«,£ ² ¥ª¨J£ ² ¡�¨,¤ ²Z¾ «0£�±Ø¤�¯�¢§Z¨0£�£\¢Z§]¤�¥ª¨J£ ² «,°�¢%��«J±\¢�­�À)«,£à«0±�«, \¤�¢]° ·ÎÆ ¯\¢% i¨,°p¤«,§Z§Z¢ ²p² ¥ ² ¥ª£r¤�¢d°�£j«0¡ª¡ÂÀ	¯j«,£j±\¡ª¢¬±�­�À�¤�¯�¢z¨J i¢]°k«{¤�¥�£\¦ ² À ² µ¤�¢Z� · Ú�¨0°�¤�¯�¢�º�»�¼�½ ¾ ¤�¯\¢<�ÔÐ\Ñ  i¨0°p¤ ² «{°�¢¹±x¢Z§Z¡�«,°�¢¬±

type CL_REC_S_ISA is

--entity declaration
record

end record;
addr : bit16;                  

--i.e. data_p, addr_p, reset_p, iow_p’, ior_p’, 

Declare Channel

--The ISA ports used in the communication library

-- aen_p, clk_p are declared by the user as part of 

-- receiver address

signal chan

procedure CL_RecSrvISA(

signal clk_p   : in bit) is
begin

chan.addr <= CL_DEFAULT_ADDR;
-- Allocate a default ISA address to receiver

end CL_InitRecSrvISA;

-- high impedance

signal data_p : out STD_LOGIC8;
:  out CL_REC_S_ISA;

wait until clk_p’event and clk_p=’1’;
data_p       <= "ZZZZZZZZ";

signal aen_p         
signal data_p       
signal addr_p      

signal chan 
variable message

: in CL_REC_S_ISA;

: in bit16;
: in STD_LOGIC8;
: in bit;

: out STD_LOGIC8;

: in bit;signal reset_p          

procedure CL_InitDefaultRecSrvISA(

wait until (clk_p’event and clk_p=’1’ and aen_p=’0’

begin
-- Wait for read request and my address on the bus

: in bit;
: in bit) issignal clk_p          

signal iow_p’        

addr_p = chan.addr;
-- Read the data while iow_p’ is asserted

and reset_p=’0’ and iow_p’=’0’ and

message   :=  data_p;
wait until clk_p’event and clk_p=’1’ and

Initialize channel (default)

Receive message (character)

iow_p’=’1’;
-- high impedancedata_p       <= "ZZZZZZZZ";

wait until clk_p’event and clk_p=’1’;

end CL_RecSrvISA;
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£r©\��¢]°�¨J© ² © ² ¢]°pµÃ§Z¨J£xÅj¦0©\°�¢¬±� j«{°k«0��¢]¤�¢d° ²Z· �A£¹¤�¯\¥ ² ¢]Írµ«,�� �¡ª¢ ¾ ¤�¯\¢.Ï�Áá i¨,°p¤ ² «{°�¢<¥ª£�¥Â¤�¥�«0¡ª¥ªäZ¢¬±�«,¤ ² ¤k«,°p¤�©\ �¨,°±x©\°�¥ª£�¦9°�¢ ² ¢]¤¹­�Àa¤�¯\¢	Ì�� ê Ð:°�¨0©\¤�¥ª£�¢ ²Z¾´² ¨m¤�¯�¢d°�¢%«{°�¢£\¨�«0§]¤�¥ª¨J£ ² ¥ª£�¤�¯�¢	¥ª£�¥Â¤�¥�«0¡ª¥ªä¬«,¤�¥ª¨J£Ø°�¨J©x¤�¥�£\¢ ·:Æ ¯�¢�°�¢]µ§]¢Z¥ªÄL¢]°�±\¢d³ï«0©\¡Â¤<¥ª£\¥ª¤�¥�«,¡�¥ªä¬«{¤�¥ª¨J£ ² ¢]¤ ² ¤�¯�¢.�pÐ\Ñ °�¢Z§Z¢]¥�ÄJ¢]°
§k¯j«,£�£\¢Z¡-«J±\±x°�¢ ²p² ¤�¨È­i¢:«0£×©\£x© ² ¢¬±É�pË ê  i¨,°p¤m«0±xµ
±r°�¢ ²p²Z·�Æ ¯�¢ .)E-2 ,GFIHJ5K+ °�¢ ² ¨J¡ªÄL¢¬±	±�«{¤k«�¤RÀ\ i¢¿³|°�¨0�¤�¯\¢ 5L/	/J/3MN.)E-2 ,9FIH	5K+ O�OQPSR ¡ª¥�­x°k«,°pÀÈ¥ ² © ² ¢¬±È³|¨0°
¤�¯\¢m­�¥ÂµR±\¥Â°�¢Z§]¤�¥ª¨0£j«0¡�±�«,¤k«� i¨,°p¤ ²Z· Æ ¯\¢ ² ¢a«{°�¢ ² ¢]¤%¤�¨¯\¥ª¦J¯9¥ª�� i¢¬±\«0£�§]¢-±\©x°�¥�£\¦.¥ª£�¥Â¤�¥�«0¡ª¥ªä¬«{¤�¥�¨0£ ·

í ·UT;��&WVYX�Z�������#�['�'* ÚÇ¥ª¦J©x°�¢ ² ñF«0£�±àë ² ¯�¨¬® ¤�¯�¢9Ï�Á
² ¢]£j±�«0£�±�º�»�¼�½%°�¢Z§Z¢Z¥ªÄL¢¿°�¨J©x¤�¥ª£�¢ ² ³X¨,°¿«-­rÀr¤�¢/¤p°k«,£ ² µ³|¢]° ·.Æ ¯�¢�Ï�ÁO¥ª£�¥Â¤�¥�«,¤�¢ ² «,£:�ÔË ê ®�°�¥Â¤�¢¹§]Àx§Z¡ª¢ ¾ ­�ÀF¢]Írµ¢]§Z©\¤�¥ª£�¦	«,£ ê�\�Æ ¥ª£ ² ¤p°�©\§]¤�¥ª¨J£ ·�Æ ¯\¢ ê-ê Á/½�°�¢Z§Z¢]¥�ÄJ¢
 x°�¨�§Z¢¬±x©\°�¢- \°�¨�§]¢Z¢¬± ² ³|¨0°�¤�¯�¢��ÔË ê ®�°�¥Â¤�¢�§]Àx§Z¡ª¢ ·
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V¢]°�¢]£r¤� i¨J¡ª¡ª¥ª£�¦<«0 � x°�¨L«,§d¯\¢ ² «,°�¢�© ² ¢Z±�¤�¨¥ª£j±\¥ª§¬«{¤�¢�¤�¯�¢�§Z¨0�� �©\¤k«{¤�¥ª¨J£
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--Flag address approch for the gcd example using the 

-- The ports for the transfer are declared in the  entity
entity CL_S_ISA is

port(addr_p :  in bit16;

gcd_done_s = ’0’;

signal gcd_done_s :  bit  := ’0’;

begin

flag: process

gcd:process
variable x,y :  STD_LOGIC8;

begin

loop
gcd_done_s <=  ’0’;
--Receive x and y

--Compute the gcd from x and y (not shown)
<= ’1’;gcd_done_s  --Set the gcd flag

--Send the result

end loop;
end process;

--Initializationbegin

loop
while (gcd_done_s = ’0’) loop -- gcd not done

wait until clk_p’event and clk_p=’1’ and 

aen_p :  in bit;
reset_p :  in bit;
clk_p :  in bit;
data_p :  inout STD_LOGIC8;
iow_p :  in bit;
ior_p :  in bit);

end CL_S_ISA;
architecture ACL_S_ISA of CL_S_ISA is

constant gcd_send_addr  :  bit 16  := X"0300";
-- Using  addresses from unused  block 0300-0377h

-- gcd done global

-- Initializations

I/O Port Connections

data_p

addr_p
ale_p
reset_p
clk_p
aen_p
iow_p’
ior_p’
iochrdy_p
iocs16_p’

Logic
Buffer/Driver

D0-D15

A0-A15

FPGA (Servant)

ISA ports 

CL_InitSendSrvISA(send_chan_s, data_p, 
gcd_send_addr, clk_p);

gcd_rec_addr, clk_p);

signal gcd_done_chan_s 
signal rec_chan_s
signal send_chan_s
-- Declare the send, receive and the gcd done channels

:  CL_SEND_S_ISA;
:  CL_REC_S_ISA;
:  CL_SEND_S_ISA;

--Sentinel approch for the gcd example using the 
-- ISA protocol and the FPGA as a co-processor

constant gcd_rec_addr  :  bit 16  := X"0301";

-- The entity, architecture declarations and the 

-- need for a flag address (gcd_done_addr)

-- Instead of the flag process the sentinel process
-- described below is used

sentinel: process

end process;

(b)

(c)

--Initializationbegin

loop

while (gcd_done_s = ’0’) loop

end loop;
wait until clk_p’event and clk_p=’1’ and 

gcd_done_s = ’0’;
end loop;

-- Tell master that gcd result is not ready yet

CL_SendSrvISA(send_chan_s, x, addr_p. data_p,

CL_InitSendSrvISA(gcd_done_chan_s, data_p, 

CL_SendSrvISA(gcd_done_s, X"01", addr_p,

CL_SendSrvISA(gcd_done_chan,s, X"00",

CL_InitSendSrvISA(gcd_done_chan_s, data_p, 
gcd_send_addr, clk_p);

CL_SendSrvISA(gcd_done_chan,s, X"00",
addr_p, data_p, aen_p, reset_p, ior_p, clk_p);

data_p, aen_p, reset_p, ior_p, clk_p);

gcd_done_addr, clk_p);

addr_p, data_p, aen_p, reset_p, ior_p, clk_p);

aen_p, reset_p, ior_p, clk_p);

aen_p, reset_p, iow_p, clk_p);

aen_p, reset_p, iow_p, clk_p);
CL_RecSrvISA(rec_chan_s, x, addr_p, data_p,

CL_RecSrvISA(rec_chan_s, x, addr_p, data_p,

CL_InitRecSrvISA(rec_chan_s, data_p, 

use work.CL_ISA.all;
-- ISA protocol and the FPGA as a co-processor

-- gcd process are exactly the same as in the flag
-- approach (the only difference is that there is no

end loop;

end loop;
end process;

end ACL_S_ISA; (a)

constant gcd_done_addr  :  bit 16  := X"0302";

� U|exTV^]b � 
9��y�`úbK�itxl9sV�fb.vx_F[d�Vb ��� �¹�åTuckU|_Ve%[d�Vb.okgi�åsV^]vr[dviW,vx��
� Rt�¡�TuckU|_Ve=t�¢
txe%t\�V�i^]b0c]c,n) £�-¡�TucdUf_ue=t%ckb0_\[]Uf_ub,�Aq



data_p

addr_p
ale_p
reset_p
clk_p
aen_p
iow_p’
ior_p’
iochrdy_p
iocs16_p’

Bus Controller process

bc_data_s
bc_gcd_req_s
bc_rsa_req_s

RSA processGCD process

Buffer/Driver
Logic

FPGA (Servant)

D0-D15

A0-A15

D0-D7

use work.CL_ISA.all;
use work.CL_CUSTOM.all;

-- VHDL  ISA and 
-- custom libraries 

architecture ACL_S_ISA of CL_S_ISA is
--Using addresses from unused block 0300-0377h
-- The first 12 bits common, used for module address

constant  rsa_send_addr
constnat  rsa_rec_addr

signal bc_data_s
--Ports for the D8P2 bus between bc and processes

: STD_LOGIC8;
: STD_LOGIC;
: STD_LOGIC;

: bit := ’0’;
:= ’0’;: bit   

-- Sentinels for the gcd and rsa process

signal gcd_send_chan_D8P2_s
signal gcd_rec_chan_D8P2_s
signal rsa_send_chan_D8P2_s
signal rsa_rec_chan_D8P2_s
signal bc_gcd_send_chan_D8P2_s

: CL_REC_S_D8P2;
: CL_SEND_S_D8P2;

: CL_SEND_S_D8P2;
: CL_REC_S_D8P2;

: CL_REC_M_D8P2;
: CL_SEND_M_D8P2;

signal bc_gcd_rec_chan_D8P2_s
signal bc_rsa_send_chan_D8P2_s
signal bc_rsa_rec_chan_D8P2_s : CL_REC_M_D8P2;

--Send, receive cghannels for the ISA intereface
signal bc_send_chan_ISA_s : CL_SEND_S_ISA;
signal bc_rec_chan_ISA_s : CL_REC_S_ISA;

-- The functions to test if a particular bit in a bit vector
-- is set and to encode a message for the RSA process
-- go here (not shown)

begin

constant  gcd_send_addr 
constant ISA_module_addr : bit16 := X"0300"

: bit4 := "0010";
: bit4 := "0011";

: bit4 := "0000";
constant  gcd_rec_addr           : bit4 := "0001";

-- The bus controller (servant) uses the ISA protocol
-- to talk with the PC and acts as the master for the 

bus_controller : process
-- D8P2 protocol it uses to talk to other processes

ISA_module_addr, clk_p);

ISA_module_addr, clk_p);

variable ISA_Ready
variable ISA_module_addr_lsb : int2 := 4;

: bit    := ’0’;

variable read_addr : bit16;
varaible char_data : STD_LOGIC8;

begin

CL_InitRecSrvISA(bc_rec_chan_ISA_s, data_p,

CL_initSendSrvISA(bc_send_chan_ISA_s, data_p,

loop

while (ISA_Ready = ’0’) loop
-- Wait until a read or write command  is issued

--Send, receive channels for the D8P2 interface 

end loop;

CL_ReadySendSrvISA(bc_send_chan_ISA_s, ISA_

CL_ReadRecSrvISA(bc_rec_chan_ISA_s, ISA_

I/O Port Connections

(b)

--Bus controller approach for multiple FPGA processes 

signal bc_rsa_req_s’
signal bc_gcd_req_s’

end ACL_S_ISA;

case read_addr(3 downto 0) is
--Read raw data or send result as per the address

when gcd_send_addr =>

when gcd_rec_addr =>

if (gcd_done_s = ’0’) then

--The cases for rsa_send_addr and rsa_rec_addr 

when others => -- Error erport can be asserted 

else

end if;

-- are similar (not shown)

-- in a subsequent figure
-- The GCD and RSA processes go here and are shown 
end loop;

end case;
end process;

CL_SendMstD8P2(bc_gcd_send_chan_D8P2

-- Read gcd raw data

-- If the gcd has been computed send the result 

char_data, bc_data_s, bc_gcd_req_s’, clk_p);

: CL_SEND_M_D8P2;

Ready, ISA_module_addr_lsb, read_addr, 

Ready, ISA_module_addr_lsb, read_addr, 

addr_p, aen_p, reset_p, ior’_p, iochrdy_p, clk_p);

(a)

CL_GetDataSrvISA(char_data, data_p
iochrdy_p, iow_p, clk_p);

_s, char_data, bc_data_s, bc_gcd_req_s, clk_p);

-- from gcd process, otherwise send sentinel

iochrdy_p, ior_p’, clk_p);

CL_RecMstD8P2(bc_gcd_rec_chan_D8P2_s,

CL_PutDataSrvISA(char_data, data_p,
iochrdy_p, ior_p’, clk_p);

CL_PutDataSrvISA(X"00", data_p,

-- The entity declaration is the same as in the gcd exmaple

signal gcd_done_s
signal rsa_done_s

-- Initilaizations

addr_p, aen_p, reset_p, ior’_p, iochrdy_p, clk_p);
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-- RSA process for the bus controller example--GCD process for the bus contoller example 
gcd : process

variable x : STD_LOGIC8;
variable y : STD_LOGIC8;

begin
--Initializations

rsa : process
variable pubkey_d
variable pubkey_n
variable msg_item_raw
variable msg_item_encoded

: STD_LOGIC32;

: STD_LOGIC8;
: STD_LOGIC32;

: STD_LOGIC32;
begin

--Initialzations
CL_InitSendSrvD8P2(rsa_send_chan_D8P2_s,

--Receive the public keys
CL_RecLongSrvD8P2(rsa_rec_chan_D8P2_s,

CL_RecLongSrvD8P2(rsa_rec_chan_D8P2_s,

loop
rsa_done_s <= ’0’;
--Receive a character
CL_RecSrvD8P2(rsa_rec_chan_D8P2_s,

--Encode the message
msg_item_encoded := EncodeMsg(msg_item_raw,

pubkey_d, pubkey_n);

CL_InitRecSrvD8P2(rsa_rec_chan_D8P2_s,

rsa_done_s    <= ’1’; --Set the RSA global
--Send the result

CL_InitRecSrvD8P2(gcd_rec_chan_D8P2_s,

loop

--Receive x
CL_RecSrvD8P2(gcd_rec_chan_D8P2_s, x,

-- Receive y
CL_RecSrvD8P2(gcd_rec_chan_D8P2_s, y,

while (x /= y) loop
--Compute the gcd

if (x < y) then
y := y - x;

else x := x - y;
end if;

end loop;

gcd_done_s <= ’0’;

-- Set the GCD global

CL_SendSrvD8P2(gcd_send_chan_D8P2_s, x, 

<= ’1’;gcd_done_s  
-- Send the result

end loop;
end process;

bc_data_s,bc_gcd_req_s’,clk_p);

bc_data_s, bc_gcd_req_s’, clk_p);

bc_data_s, bc_gcd_req_s’, clk_p);

bc_data_s, bc_gcd_req_s’, clk_p);

msg_item_raw, bc_data_s, bc_rsa_req_s’, clk_p);

pubkey_n, bc_data_s, bc_rsa_req_s’, clk_p);

pubkey_d, bc_data_s, bc_rsa_req_s’, clk_p);

bc_data_s, bc_rsa_req_s’, clk_p);

bc_data_s, bc_rsa_req_s’, clk_p);

bc_data_s, bc_gcd_req_s’, clk_p);
CL_InitSendSrvD8P2(gcd_send_chan_D8P2_s, 

-- The communication library procedure for checking

(a) (b)

-- The companion  for receiving is ReadyRecSrvISA
procedure CL_ReadySendSrvISA(

signal chan
variable ready
variable addr_LSB
variable read_addr
signal addr_p
signal aen_p
signal reset_p
signal ior_p’
signal iochrdy_p
signal clk_p

: in CL_SEND_S_ISA;
: out bit;
: in int4;
: out bit16;
: in bit16;
: in bit;
: in bit;
: in bit;
: out bit;
: in bit) is

begin
wait until clk_p’event and clk_p=’1’;

-- if it is the servant’s turn to write data to the ISA bus.

if(aen_p=’0’ and reset_p=’0’ and ior_p’=’0’ and 

read_addr := addr_p;
iochrdy_p <= ’0’;
ready := ’1’;
wait until clk_p’event and clk_p=’1’;

else
ready := ’0’;

end if;
end CL_ReadySendSrvISA;

-- Receiver’s turn
-- Request an extension

addr_p(15 downto addr_lSB) = chan.addr(15 
downto addr_LSB) then

--Read the address

-- the ReadyRecSrvISA procedure has been called
-- Library procedure to read data from the ISA bus after

procedure CL_GetDataSrvISA(

-- The companion procedure for sending is PutData
-- SrvISA

CL_SendLongSrvD8P2(rsa_send_chan_D8P2_s, msg
_item_encoded, bc_data_s, bc_rsa_req_s’, clk_p);

end loop;
end process;

(c)

signal data_p : out bit;
signal iochrdy_p : out bit;
signal iow_p’ : in bit;
signal clk_p : in bit) is

begin
char_received := data_p;
iochrdy_p <= ’1’;

end CL_GetDataSrvISA;
wait until clk_p’event and clk_p=’1’; and iow_p’=’1’;

: out STD_LOGIC8;variable char_received

(d)
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§Z¢ ²p² ¤�¯\¢Z£�¢]Í\«0��¥ª£�¢ ² ¤�¯�¢�°�¢]¡�¢]ÄJ«,£r¤Ç­�¥Â¤ ²Z¾ ¤�¨z±\¢d¤�¢]°���¥ª£�¢C®¿¯�¥ª§d¯§d¯�«0£\£�¢Z¡ ¤�¯\¢.�ÔÐ\Ñ5­�© ² ��« ² ¤�¢]°�¥ ² «0±�±x°�¢ ²p² ¥�£\¦ ¾ «0£�±�«,§Z§Z¨,°k±xµ¥ª£�¦J¡ÂÀ%°�¨J©\¤�¢ ² ¤�¯\¢�±�«{¤k«.¤�¨¹¨0°�³|°�¨0� ¤�¯\¢�Û-Á�¼ã¨0° ì ÐxÑß \°�¨,µ§Z¢ ²p²Z¾ © ² ¥ª£\¦�¤�¯\¢�¤A®/¨,µÃ �¯j« ² ¢ ê-ê Á/½m­\© ²Z·CÆ ¯\¢ ² ®¿¥Â¤�§k¯ ² ¤k«{¤�¢]µ��¢Z£�¤ ² ¯�¨¬® ² ¤�¯�¢9§Z« ² ¢ ² ³X¨,°%¤�¯\¢�Û-Á�¼î \°�¨�§Z¢ ²p²Z¾ ¤�¯\¢m¨J£\¢ ²³X¨,°�¤�¯�¢ ì Ð\Ñ7 x°�¨�§Z¢ ²p² «{°�¢9¥�±\¢Z£�¤�¥ª§¬«0¡ ·ÈÆ ¯�¢ H z?© 2 {�©t{��A� ¨,°
ª9« © 2 {�©t{��N� °�¨J©x¤�¥�£\¢ ² «,°�¢�© ² ¢¬±�³X¨,°�¤�¯�¢ ² ¢d°�ÄJ«,£r¤�°�¢Z§Z¢Z¥ªÄL¢-«,£j±
² ¢Z£j±�°�¢ ²  i¢Z§]¤�¥ªÄL¢]¡ªÀ=«0£�±%¯�«{ÄJ¢-­i¢Z¢Z£9«0±�±x¢¬±	¤�¨ ê-ê Á/½ ·ÚÇ¥ª¦J©\°�¢�û Ü ±jÞ ² ¯\¨¬® ² ¤�¯�¢ H z?© 2 {�©t{��N�  \°�¨�§Z¢Z±\©\°�¢ ¾ ¤�¯\¢9ª�« ©£¬2 {�©t{��A�  \°�¨�§Z¢¬±x©\°�¢�¥ ² ¥f±x¢Z£�¤�¥ª§¬«0¡ · ¼-«{¤k«z¥ ² °�¢¬«0±�³f°�¨J�O¤�¯\¢��ÔÐ\Ñ
­�© ² «,£j±�«,³f¤�¢]°/¤�¯�¢ � x@u6�­|�v�� �  i¨,°p¤/¥ ² ±x¢]µR« ²p² ¢]°p¤�¢Z± ¾ ¤�¯�¢� \°�¨,µ§Z¢¬±x©\°�¢-®�«,¥ª¤ ² ©�£�¤�¥ª¡
¤�¯�¢�§]Àx§Z¡ª¢�¥ ² §Z¨0�� �¡ª¢]¤�¢¬± ·�Æ ¯�¢ ² ¢Z£�¤�¥�£\¢Z¡«0 \ \°�¨L«,§d¯m¥ ² © ² ¢¬±	³X¨0°�­i¨0¤�¯=¤�¯\¢�Û-Á�¼ «0£j±=¤�¯\¢ ì ÐxÑß§Z¨0�¹µ �©x¤k«,¤�¥ª¨J£ ²Z¾ ³|¨0° ² ¢Z£�±\¥ª£�¦¿¤�¯�¢´°�¢ ² ©�¡Â¤ ¾ « ² ±x¥ ² §Z© ²p² ¢¬±�¥ª£�¤�¯\¢� x°�¢]µÄr¥�¨0© ²�² ¢Z§]¤�¥ª¨J£ · »�¨¬®�¢ZÄL¢]° ¾ ¥�£9¤�¯\¥ ² §¬« ² ¢�« ² ¢Z j«{°k«,¤�¢ ² ¢Z£�¤�¥�£\¢Z¡ \°�¨�§Z¢ ²p² ¥ ² £�¨,¤/£\¢Z¢¬±\¢Z± ¾�² ¥ª£�§]¢�¤�¯\¢z­\© ² µÃ§Z¨J£�¤p°�¨0¡�¡ª¢]°�¢]Í\«0��¥ª£�¢ ²¤�¯�¢<§Z¨0°p°�¢ ²  i¨0£j±x¥�£\¦=¦0¡�¨0­j«,¡ ¾ «0£�±:«,§Z§Z¨0°k±x¥ª£�¦J¡ÂÀ ² ¢Z£�± ² ¢Z¥Â¤�¯\¢]°¤�¯�¢ ² ¢]£r¤�¥ª£\¢Z¡
¨,°¿¤�¯�¢�°�¢ ² ©\¡ª¤ ·ÚÇ¥ª¦J©\°�¢	ù Ü ­jÞ ² ¯\¨¬® ² ¤�¯�¢�­�¡ª¨�§ ¶ ±\¥�«,¦0°k«0�ø³X¨,°¹¤�¯�¢�¥ª£�¤�¢]°pµ³ï«,§Z¢ ·ÊÆ ¯\¢=­\© ² §Z¨0£�¤p°�¨J¡ª¡ª¢]°	 \°�¨�§Z¢ ²p² «,§]¤ ² « ² ¤�¯\¢=�ÔÐ\Ñ ² ¢]°pµÄJ«,£�¤ ¾ «0£�±à§Z¨0µÃ¨,°k±\¥ª£j«{¤�¢ ² ¤�¯\¢F±�«{¤k«:¤p°k«0£ ² ³X¢]°	¤�¨Î«0£�±Ø³|°�¨0�¤�¯�¢-¨,¤�¯�¢]°� \°�¨�§]¢ ²p² ¢ ² ¨J£=¤�¯\¢-ÚÒÏ�Û�Ñ5��¨r±x©�¡ª¢ ¾ ­�À%«0§]¤�¥ª£�¦�« ²¤�¯�¢�­\© ² ��« ² ¤�¢]°�³X¨,°.¤�¯\¢�¤R®/¨,µR \¯j« ² ¢	­\© ²Z· Ñ ² ¢Z j«{°k«,¤�¢�°�¢]µó�©�¢ ² ¤�¡ª¥�£\¢¿¥ ² © ² ¢¬±.³|¨0°�¢¬«0§k¯�§d¯�«0£�£\¢Z¡�¨0£¹¤�¯�¢�¤A®�¨0µÃ �¯�« ² ¢�­�© ²¥ª£ ² ¤�¢¬«0±F¨,³�© ² ¥ª£�¦�¤�¯�¢<«J±\±x°�¢ ²p² ¢¬±m��¨r±x¢ · Ðx¥ª£�§Z¢�¢¬«,§d¯F§k¯j«0£xµ£�¢Z¡i¥ ²  i¨0¥�£�¤pµ�¤�¨0µÃ i¨0¥�£�¤ ¾ £\¨.«0±�±r°�¢ ²p² ¥ ² £�¢Z§]¢ ²p² «,°pÀ ¾ ¡ª¢¬«J±x¥ª£�¦<¤�¨³ï« ² ¤�¢]°�¥ª£�¤�¢]°�£j«,¡\¤p°k«0£ ² ³X¢]° ²Z· Ñ�£�«J±�±r°�¢ ²p² ®/¨J©\¡�±�¨0£�¡ÂÀ¹­i¢�£�¢]§]µ¢ ²p² «,°pÀ:¥Â³�¤�¯�¢]°�¢¹®�¢]°�¢�ÄL¢]°pÀ���«,£rÀF x°�¨�§Z¢ ²p² ¢ ² ¤�¨=®¿¯�¥ª§k¯a¤�¯�¢
­�© ² §Z¨0£�¤p°�¨J¡ª¡ª¢]°-®�« ² ¥ª£�¤�¢]°p³ï«,§Z¥ª£�¦ · Ñã­x°�¥ª¢]³´£�¨0¤�¢�¨J£F£�«0��¥ª£�¦§Z¨J£rÄL¢]£r¤�¥ª¨0£ ² ÷Ç¢Z«0§k¯.§k¯j«0£\£�¢Z¡�¤RÀ\ i¢�­i¢Z¦J¥ª£ ² ®¿¥Â¤�¯ +-, ³X¨0°´§Z¨0�¹µ
�.©\£�¥ª§¬«,¤�¥ª¨0£<¡ª¥ª­\°k«{°pÀ ¾ ³X¨0¡ª¡�¨¬®�¢¬±.­�À�¢Z¥Â¤�¯�¢]° .­/�132 ¨,° 8G/I+ ³|¨0°
² ¢Z£j±x¢]°�¨,°�°�¢Z§Z¢]¥�ÄJ¢]° ¾ ³X¨0¡�¡ª¨¬®/¢Z±:­�À9¢Z¥Â¤�¯\¢]° 4 ¨0° . ³|¨0°-¢Z¥Â¤�¯\¢]°
��« ² ¤�¢]°�¨,° ² ¢]°�ÄJ«,£�¤ ¾ ³|¨J¡ª¡ª¨{®�¢¬±�­�Àm¤�¯�¢¹ x°�¨0¤�¨�§Z¨0¡�¤RÀ\ i¢ ¾ ² ©\§d¯« ² �pÐxÑá³X¨,°z¤�¯\¢-�pÐxÑO­�© ²  \°�¨0¤�¨�§]¨J¡ ¾ ¨0°�¼ � Ï�ë<³|¨0°�«¹§Z© ² ¤�¨0� \°�¨,¤�¨�§Z¨J¡u®¿¥ª¤�¯ � ±�«{¤k«.¡ª¥�£\¢ ² «0£�±9ë{µÃ \¯j« ² ¢-¯�«0£�± ² ¯j« ¶ ¥�£\¦ ·ÚÇ¥ª¦J©\°�¢�û Ü «LÞ ² ¯\¨¬® ² ¤�¯�¢�Û-Á�¼Ø \°�¨�§Z¢ ²p²Z·ÒÆ ¯�¥ ² ¯j« ² «0¡Â°�¢¬«0±xÀ­i¢Z¢Z£à±\¥ ² §Z© ²p² ¢Z±É¥�£ÉÐx¢Z§d¤�¥�¨0£Êí · ñ ·5Æ ¯\¢m¨J£�¡ÂÀà±\¥�
V¢]°�¢Z£\§Z¢m¥ ²¤�¯j«{¤�¥�£ ² ¤�¢¬«J±�¨0³�°�¢Z§Z¢Z¥ªÄr¥ª£�¦9¨,° ² ¢Z£j±x¥�£\¦9±\«,¤k«%¨{ÄL¢d°-¤�¯�¢.�ÔÐ\Ñ§d¯�«0£\£�¢Z¡ ² ¤�¨�¤�¯�¢¿Ï�Á)±\¥Â°�¢Z§]¤�¡ÂÀ ¾ ¤�¯�¢�±\«,¤k«z¤p°k«,£ ² ³X¢d°�¤�¨�¤�¯\¢�­�© ²§Z¨J£�¤p°�¨0¡�¡ª¢]°�¤k« ¶ ¢ ²  �¡�«0§Z¢-¨{ÄL¢d°�¤�¯�¢-¥ª£�¤�¢]°�£j«,¡V¤R®/¨,µR \¯j« ² ¢-­�© ²Z·ÚÇ¥ª¦J©\°�¢-û Ü ­iÞ ² ¯�¨¬® ² ¤�¯�¢ ì Ð\ÑÊ x°�¨�§Z¢ ²p²Z· ¼�¥ ² ¤�¥ª£�§]¤ ê-ê Á/½² ¢]°�Ä0«0£�¤ ² ¢Z£j±9«,£j±=°�¢Z§]¢Z¥ªÄL¢-§d¯�«0£\£�¢Z¡ ² «,°�¢�±\¢Z§]¡f«{°�¢¬±m«0£�±=¥ª£�¥Âµ¤�¥�«0¡ª¥ªäZ¢¬± ·�� ¢]Ír¤	¤�¯�¢F �©\­�¡ª¥ª§ ¶ ¢]À ² «{°�¢�°�¢Z§]¢Z¥ªÄL¢¬±É³|°�¨0�4¤�¯�¢
­�© ² §]¨J£�¤p°�¨J¡ª¡ª¢]° ¾ «{³|¤�¢]°�®¿¯�¥ª§k¯9¤�¯�¢ ì Ð\ÑO x°�¨�§Z¢ ²p² ¢Z£�¤�¢]° ² ¥ª£r¤�¨«È¡ª¨�¨J  ·îÆ ¯\¢ ì ÐxÑø¦0¡ª¨J­j«,¡<¥ ²m² ¢]¤m¤�¨ÈäZ¢]°�¨ ¾ «,³|¤�¢d°m®¿¯�¥ª§d¯°k«Z®�±�«{¤k«m¥ ² °�¢Z§Z¢Z¥ªÄL¢Z±�¨,ÄJ¢]°.¤�¯\¢ |6�?{ |�zwu u6��{�y ·aÆ ¯�¥ ² ±�«,¤k«¥ ² ¢Z£�§Z¨r±x¢¬±�«0£j±m¤�¯�¢]£ ² ¢Z£�¤-­�«0§ ¶ ¨{ÄL¢]°�¤�¯\¢ |6�S{ �Sz?y'v u6��{�y ·Ñz¦J«0¥ª£ ¾ ¥Â¤¹¥ ² « ²p² ©\��¢¬±�¤�¯j«{¤.¤�¯�¢�°�¢Z¡ª¢ZÄ0«0£�¤.¨J i¢]°k«{¤�¨0° ² ¯j«¬ÄL¢­i¢Z¢Z£-¨{ÄL¢]°�¡ª¨J«J±\¢Z±�¤�¨ ² ©\ � i¨,°p¤u¤�¯\¢ .)E-2 ,GFIHJ5K+ ±�«{¤k«�¤AÀx i¢ ²Z·Æ ¨ ² ©\����«,°�¥ªäZ¢ ¾ ¥ª£m«J±\±\¥Â¤�¥ª¨J£9¤�¨ ² ©\ � i¨0°p¤�¥ª£\¦¹¤�¯�¢-¥ª£�¥Â¤�¥�«0¡Âµ¥ªä¬«,¤�¥ª¨J£Ø«,£j±a¤�¯�¢ ² ¢Z£�±)«0£�±a°�¢Z§Z¢Z¥ªÄL¢���¢]¤�¯\¨r± ²Z¾ ¤�¯�¢ ê-ê Á/½² ¢]°�Ä0«0£�¤´§d¯�«0£�£\¢Z¡ ² ¯j«¬ÄL¢�­i¢Z¢Z£.¢Z£�¯�«0£�§]¢¬±�®¿¥Â¤�¯¹°�¨J©x¤�¥ª£�¢ ² ¤�¯j«{¤±\¢]¤�¢d°���¥�£\¢�¥Â³\¤�¯�¢�§k¯j«,£�£\¢Z¡�¥ ² °�¢¬«J±rÀ�¤�¨ ² ¢Z£�±�¨,°Ç°�¢Z§Z¢]¥�ÄJ¢�±�«{¤k« ¾«0£�±=®¿¥ª¤�¯m¨,¤�¯�¢]°z°�¨J©x¤�¥�£\¢ ² ¤�¯j«,¤�¤�¯�¢]£m \°�¨�§Z¢Z¢Z±=¤�¨	§]¨J�� �¡ª¢]¤�¢¤�¯�¢¹¤p°k«,£ ² ³X¢d° ·FÆ ¯�¥ ² ¢]£j«0­\¡ª¢ ² ¤�¯\¢ ê-ê Á/½É��¢]¤�¯�¨r±x¨J¡ª¨J¦,À:¤�¨
­i¢Uo�¢]Íx¥ª­�¡ª¢.¢Z£\¨J©\¦J¯m¤�¨%­i¢<«0 \ �¡ª¥ª¢¬±F¥�£�«��.©\¡ª¤�¥Âµ�¤k« ²p¶ ¥ª£�¦�¢Z£xµÄr¥ª°�¨0£���¢Z£�¤�¥ª£9­i¨,¤�¯=¯�«,°k±x®/«,°�¢�«,£j± ² ¨,³|¤A®/«,°�¢ ·

® "!�%(�+�b0&���*,�%(��
ê-ê Á/½á­x°�¥�±\¦J¢ ² ¤�¯�¢=¦J«0 È­i¢]¤A®�¢Z¢Z£Î¤�¯�¢9«,­ ² ¤p°k«,§]¤���¢ ²p² «0¦0¢ j« ²p² ¥�£\¦� \°�¥ª��¥Â¤�¥�ÄJ¢ ² ±x¢ ² ¥Â°�¢¬±�­�À.¤�¯�¢¿© ² ¢]° ¾ «0£�±.¤�¯�¢¿©�£�±\¢]°�¡ÂÀrµ¥ª£�¦�§Z¨J���<©�£\¥�§Z«,¤�¥ª¨J£9¥ª�� \¡�¢]��¢Z£�¤k«,¤�¥ª¨J£ · �Ã¤� x°�¨{Äx¥�±x¢ ² «�§Z¨0£\µ
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