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Definition

shim \’shim\ n

1 : a thin often tapered piece of material (as wood, metal,
or stone) used to fill in space between things (as for
support, leveling, or adjustment of fit).

2 : Software/Hardware Integration Medium, a language for
describing hardware/software interfaces



Target Architecture: HW/SW Systems

Processor

R/W
Enable
Address
Data

Memory Peripheral Peripheral



A timer in SHIM

module timer {
shared uint:32 counter; // Visible to HW and SW

hw void count() { // Hardware process
counter = counter + 1;

}

out void reset_timer() { // Software function
counter = 0;

}

out uint get_time() { // Software function
return counter;

}
}



Generated C header file timer.h

#ifndef _TIMER_H

#define _TIMER_H

extern void reset_timer(void);

extern unsigned int get_time(void);

#endif /* _TIMER_H */



Generated C source file timer.c

#include "timer.h"

#include "xio.h"

#define IO_BASE 0xfeff0200

#define counter (IO_BASE + 0x0)

void reset_timer() {

XIo_Out32(counter, 0);

}

unsigned int get_time() {

return XIo_In32(counter);

}



Generated VHDL source (excerpt)

signal counter : UNSIGNED(31 downto 0);

count : process(Clk)
begin

if Clk’event and Clk = ’1’ then
counter <= counter + 1;
if cs1 = ’1’ and RNW = ’0’ then

if offset = 0 then
counter <= DBus;

end if; end if; end if;
end process count;

read_shared_variables : process(Clk)
begin

if Clk’event and Clk = ’1’ then
if cs1 = ’1’ and RNW = ’1’ then

DBus_out <= read_data;
else DBus_out <= "0"; end if;
if offset = 0 then

read_data <= counter;
end if; end if;

end process read_shared_variables;



An I2C Bus Controller (Software)

shared out bool SCL; // I2C clock
shared out bool SDA; // I2C data out
shared out bool SDA_oe; // Output enable for data
shared bool SDA_data; // I2C data in

void send(uint:8 byte) {
SDA_oe = 0; delay();
for (int i = 7 ; i >= 0 ; i = i - 1) {
SDA = (byte & 0x80) >> 7; delay();
SCL = 1; byte = byte << 1; delay();
SCL = 0; delay();

}
SDA_oe = 1; delay();
SCL = 1; delay();
bool acknowledge_received = SDA_data;
if (!acknowledge_received)
xio.print("Acknowledge not received\r\n");

delay();
SCL = 0; delay();

}



An I2C Bus Controller (Hardware)

stared uint:8 sreg; // Send/receive shift register
shared uint:5 state; // Controller state
shared bool ready; // true => controller idling
shared uint:3 command; // Command for the controller
shared const uint:3 IDLE = 0; // Commands
shared const uint:3 SEND = 2;

hw void controller() {
const uint:5 IDLE = 0; const uint:5 SEND1 = 5;
const uint:5 SEND2 = 6; const uint:5 IDLE0 = 24;
uint:3 bit_counter;

if (reset) state = IDLE;
if (i2c_clock) {
ready = 0;
switch (state) {
case IDLE:

ready = 1;
switch (command) {
case START: state = START1; break;
case SEND: state = SEND1; break;
case RECEIVE: state = RECV1; break;
case STOP: state = STOP1; break;
default: state = IDLE; break;
}
break;



An I2C Bus Controller (Hardware)
case SEND1:

SDA_oe = 0; bit_counter = 0; state = SEND2;
break;

case SEND2:
SDA = sreg[7]; state = SEND3; break;

case SEND3:
SCL = 1; sreg = sreg << 1;
bit_counter = bit_counter - 1; state = SEND4;
break;

case SEND4:
SCL = 0; if (bit_counter == 0) state = SEND5;
else state = SEND2; break;

// Receive Acknowledge
case SEND5:

SDA_oe = 1; state = SEND6; break;
case SEND6:

SCL = 1; state = SEND7; break;
case SEND7:

acknowledge_received = SDA_in; state = SEND8;
case SEND8:

SCL = 0; state = IDLE0; break;
case IDLE0:

if (command == IDLE_BIT) state = IDLE;
else state = IDLE0; break;

}
}

}

void send(uint:8 byte) {
sreg = byte;
command = SEND_BIT; while (ready) ;
command = IDLE_BIT; while (!ready) ;

}



Results

Example SHIM C VHDL

I2C Software (by hand) 259 133

I2C Software 171 175 136

I2C Bit-level 283 173 337

I2C Byte-level Receive 299 163 358

I2C Byte-level Send/Receive 323 116 344

Timer 15 20 98



Under the hood

SHIM compiler: 3000 lines of OCAML

500 lines: interface synthesis for Xilinx/Microblaze/OPB

Most translation syntax-directed (no optimization)

Enumerate shared variables, assign addresses

Modify software R/Ws of shared variables

Add reads and write ports to hardware processes



What’s Next?

Problem: language is fundamentally nondeterministic

Timer illustrates problem: software runs at rate
independent of hardware

Standard solution: simulate hardware in concert with
cycle-accurate ISS

I used handshaking to make I2C example work reliably

What should the semantics be? I want
correct-by-construction


