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The function timerafter treats the timer’s counter as having two separate ranges,
as illustrated below.

after afterbefore

0 232-1

time - 231 time

All values in the range (time − 231..time − 1) are considered to come before time,
with values in the range (time+ 1..time+ 232−1, 0..time− 231) considered to come
afterwards. If the delay between the two input values fits in 31 bits, timerafter is
guaranteed to behave correctly, otherwise it may behave incorrectly due to overlow
or underflow. This means that a timer can be used to measure up to a total of
231/100,000,000 = 21s.
A programming error may be introduced by inputting the new time instead of�

ignoring it with a cast to void, as in

t when timerafter(time) :> time;

Because the processor completes the input shortly after the time specified is reached,
this operation actually increments the value of time by a small additional amount.
This amount may be compounded over multiple loop iterations, leading to signal
drift and ultimately a loss of synchronisation with a receiver.

2.5 Case Study: UART (Part 1)

A universal asynchronous receiver/transmitter (UART) translates data between par-
allel and serial forms for communication over two 1-bit wires at fixed data rates.
Each bit of data is driven for the time defined by the data rate, and the receiver must
sample the data during this time. The diagram below shows the transmission of a
single byte of data at a rate of 115200 bits/s.

TXD
start
bit

stop
bit

8.68 s 8.68 s 8.68 s 8.68 s 8.68 s 8.68 s 8.68 s 8.68 s 8.68 s 8.68 s

B0 B1 B2 B3 B5 B6 B7B4

The quiescent state of the wire is high. A byte is sent by first driving a start bit (0),
followed by the eight data bits and finally a stop bit (1). A rate of 115200 bits/s
means that each bit is driven for 1

115200 = 8.68μs.
UARTs are often implemented with microcontrollers, using interrupts to schedule

memory-mapped input and output operations. Implementing a UART with an XMOS
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B.1 The Functional Model of Clocked I/O 113

The declaration

void clkTimeStrobe(port pins , port clk , chanend isa)

declares clkTimeStrobe to be a function that takes a raw data port on which to sample and
drive data, a raw port on which to sample clock edges and a channel end for interfacing with
a processor. The type pwidth_t is the same size as the port width.

The function performs the following I/O operations on raw ports:

• pins <: data;

The data in variable data is driven on the pins immediately.

• pins :> data;

The value on the pins is read immediately and assigned to the variable data.

• clk when pinsneq(clkVal) :> clkVal;

The value on the clock pin is input when it becomes unequal to its present value.

The clocking component waits for both clock edges and for requests from the processor.
After receiving an output request, on the next falling edge of the clock, the data is driven and
an acknowledgement is communicated to the processor. After receiving an input request, on
the next sampling edge of the clock, data is sampled and communicated to the processor.

The program below shows the use of the clocked port by a thread, assumed to be executed
on a processor, that performs the same sequence of outputs as the example given in §4.1.
(Note that on XCore devices, the ports are interfaced directly by the ISA, rather than using a
channel interface, so this program is not in practice generated.)

port p, c;

int main(void) {
chan isa;
par {

clkTimeStrobe(p, c, isa); // implemented in hardware
for (int i=0; i<5; i++) { // implemented in software

isa <: OUTPUT;
isa <: i;
isa :> int;

}
}

}

The for loop outputs data to the function clkTimeStrobe, which then drives this data on the
next falling edge of its clock. On XS1 devices, all ports used for data are buffered (see §C.1),
which means that the acknowledgement happens almost immediately.

Note that XC’s I/O semantics do not require a clock to provide edges at regular intervals,
or even to provide edges at all. Neither do the semantics specify the state in which a port
is initialised. The I/O semantics are therefore captured entirely within the for loop, with
implementation-defined initialisation appearing outside of the loop (see §C.2). I/O timing
characteristics are implementation-defined.















B.4.3 Buffered Input

The behaviour of inputting on a buffered port is defined as follows:

• On each input edge, data is sampled by the port and inserted into the port’s FIFO; if
the FIFO is full then the oldest value is discarded to make room for the most recently
sampled value.

• An input fetches the next data from the FIFO; the processor blocks until the FIFO
contains data.

• If a buffered port is configured with a ready-out strobe, the ready-out signal is driven
high on each falling edge of the clock when the FIFO is not full.

• The time in a timed input represents time in the future; it causes the processor to
discard any data in the buffer prior to performing the input.

The function below defines the buffering input component:

void portBufferIn(chanend serIn , chanend serOut , chanend isa ,
int isReadyOut , chanend clrIn , chanend clrOut) {

FIFO b = EMPTY;
twidth_t data = 0;
int isTimed = 0, isTS = 0;
counter_t time = 0, ts = 0;
while (1) {

if (! isReadyOut || !isFull(b))
putInReq(serIn , 0, 0, 1);

select {
case !isEmpty(b) => isa :> int op :

switch (op) {
case OUTPUT : /* implementation -defined behaviour */

break;
case INPUT :

getInReq(isa , isTimed , time , isTS);
if (! isTimed)

{data , ts} = getHead(b); // get buffered input (data)
else {

clrOut <: 1; // clear any pending inputs
select {

case clrIn :> int :
doEmpty(b);
break;

case serOut :> twidth_t :
clrIn :> int; doEmpty(b);
break;

}
putInReq(serIn , 1, time , isTS);
serOut :> data; // get input (data)
serOut :> ts; // get ts (data)

}
isa <: data; // put input (data)
if (isTS) isa <: ts; // put ts (data)
break;

}
break;

case serOut :> data : // get input (data)
serOut :> ts; // get ts (data)
addTail(b, data , ts); // add buffer (data)
break;

} } }

120 XC I/O Specification
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A P P E N D I X C
XS1 Implementation of XC

The following sections describe the XS1 implementation of XC, including the extent to which
the I/O specification is implemented, the standard port library, port-to-pin mappings, and
the size and alignment of types.

C.1 Support for XC Port Specification

The XC port declaration

port p;

declares a raw port. On XS1 devices, all ports used for inputting and outputting data are
clocked by a 100MHz reference clock (see §C.2.1) and use a single-entry buffer, even if their
declarations are not qualified with the keyword buffered.
The table below can be used to determine which I/O operations are supported on XS1

ports, depending on whether or not the corresponding XC declaration is qualified with the
keyword buffered.

Operation

Mode Serialisation Strobing @ when

Unqualified � � �

buffered � � �

A compiler is required to detect and issue an error in the following cases:

• Serialisation: A port not qualified with buffered is declared with a transfer width
different from the port width.

• Strobing: A port not qualified with buffered is configured to use a ready-in or ready-out
signal.

• An input uses both @ and when: Both of these operators are used in an input statement
with a port whose declaration is not qualified with buffered.













Table I
Available ports and links for each pin

⇐ highest Precedence lowest ⇒
Pin link 1-bit ports 4-bit ports 8-bit ports 16-bit ports 32-bit port

XnD00 1A
XnD01 A4 in/out 1B
XnD02 A3 in/out 4A0 8A0 16A0 32A20

XnD03 A2 in/out 4A1 8A1 16A1 32A21

XnD04 A1 in/out 4B0 8A2 16A2 32A22

XnD05 A0 in/out 4B1 8A3 16A3 32A23

XnD06 A0 out/in 4B2 8A4 16A4 32A24

XnD07 A1 out/in 4B3 8A5 16A5 32A25

XnD08 A2 out/in 4A2 8A6 16A6 32A26

XnD09 A3 out/in 4A3 8A7 16A7 32A27

XnD10 A4 out/in 1C
XnD11 1D

XnD12 1E
XnD13 B4 in/out 1F
XnD14 B3 in/out 4C0 8B0 16A8 32A28

XnD15 B2 in/out 4C1 8B1 16A9 32A29

XnD16 B1 in/out 4D0 8B2 16A10

XnD17 B0 in/out 4D1 8B3 16A11

XnD18 B0 out/in 4D2 8B4 16A12

XnD19 B1 out/in 4D3 8B5 16A13

XnD20 B2 out/in 4C2 8B6 16A14 32A30

XnD21 B3 out/in 4C3 8B7 16A15 32A31

XnD22 B4 out/in 1G
XnD23 1H

XnD24 1I
XnD25 1J
XnD26 4E0 8C0 16B0

XnD27 4E1 8C1 16B1

XnD28 4F0 8C2 16B2

XnD29 4F1 8C3 16B3

XnD30 4F2 8C4 16B4

XnD31 4F3 8C5 16B5

XnD32 4E2 8C6 16B6

XnD33 4E3 8C7 16B7
XnD34 1K
XnD35 1L

XnD36 1M 8D0 16B8

XnD37 1N 8D1 16B9

XnD38 1O 8D2 16B10

XnD39 1P 8D3 16B11

XnD40 8D4 16B12

XnD41 8D5 16B13

XnD42 8D6 16B14

XnD43 8D7 16B15

XnD49 C4 in/out 32A0

XnD50 C3 in/out 32A1

XnD51 C2 in/out 32A2

XnD52 C1 in/out 32A3

XnD53 C0 in/out 32A4

XnD54 C0 out/in 32A5

XnD55 C1 out/in 32A6

XnD56 C2 out/in 32A7

XnD57 C3 out/in 32A8

XnD58 C4 out/in 32A9

XnD61 D4 in/out 32A10

XnD62 D3 in/out 32A11

XnD63 D2 in/out 32A12

XnD64 D1 in/out 32A13

XnD65 D0 in/out 32A14

XnD66 D0 out/in 32A15

XnD67 D1 out/in 32A16

XnD68 D2 out/in 32A17

XnD69 D3 out/in 32A18

XnD70 D4 out/in 32A19
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