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Address event representation (AER)1 has 
long been considered a convenient trans-
mission protocol for neuromorphic devices. 
This is because messages are transmitted by 
an asynchronous sequence of all-or-none, 
‘digital’ spikes, carrying information in 
the (analog) pattern of inter-spike time 
intervals. One evolution of the originally 
proposed point-to-point AER protocol is 
a many-to-many, fully-arbitrated protocol 
that supports the design of fairly general-
purpose prototyping systems (as in the 
Silicon Cortex project2).

One missing and long-needed feature 
of AER-based systems is the ability to 
acquire data from complex neuromorphic 
systems, to stimulate them using suitable 
data, and to support the design and the 
operation of multi-chip AER-based sys-
tems. Such needs have been only partially 
met so far through commercial or home-
made hardware and software built for a 
particular purpose and idiosyncratically 
dependent on the specific system. We have 
implemented a general-purpose solution 
to this problem in the form of a PCI (pe-
ripheral component interconnect) board,3 
developed at the Italian Institute of Health, 
supported by software developed at the 
Insitute for Neuroinformatics. The article 
on page 4 of this issue illustrates the use 
of the this board with VLSI networks of 
spiking neurons

The PCI-AER board can handle up to 
four sender and four receiver chips. Figure 
1 illustrates the three main functions that 
the board can perform independently in a 
typical environment: monitoring, sequenc-
ing, and mapping.

The monitoring function involves read-
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ing and time-stamping events from the 
AER bus, and making them available to the 
host PC for further processing. The moni-
tor taps any AER transaction and, as the 
transaction is detected, stores a time label 
and the address in the FIFO (first in, first 
out). This decouples the management of 
AER events from the PCI read operation. 
Extra bits are used to identify time labels 
and address words so that the software 
can recover if words are missing due to 
FIFO overruns. Figure 2, left, illustrates 
the monitor data path.

Another function that is performed is 
sequencing: generating spike traffic on the 
AER bus on the basis of pre-computed 
information (e.g., to emulate hardware 
components). The ability to inject pre-
computed spike sequences into the AER 
bus also allows software simulations and 
VLSI hardware to be seamlessly inter-
changed. The sequencer is decoupled from 
the PCI bus using a FIFO. The sequencer 
checks the FIFO state and, if it is not 
empty, reads its content. Depending on 
the two most significant bits, it can either 
generate a transaction on the AER bus (a 
spike), or it can generate a relative or an 
absolute time delay. The transactions gen-
erated by the sequencer can be transmitted 
via any one of the four output channels. 
Figure 2, middle, illustrates the sequencer 
data path.

Finally, the mapper maps incoming 
AER-in to outgoing AER-out addresses, 
and can operate in three modes: pass-
through, one-to-one, and one-to-many. In the 
pass-through mode, the AER-in address is 
simply replicated at AER out, whereas in 
one-to-one mode the AER-in address is 

used as a pointer to a look-up table. The 
retrieved content will be the target address 
at AER out. In the case of the one-to-
many mode, the AER-in address generates 
multiple events to be dispatched to differ-
ent targets. This is achieved by using the 
AER-in address as a pointer into the same 
look-up table as in one-to-one mode, but 
in this case the retrieved content is used 
as a further pointer to a list of AER-out 
addresses.

The mapper itself is composed of three 
main parts. First, the mapper-in forwards 
AER input, as events, to the mapper FIFO. 
It can also complete the AER transaction in 
the absence of a receiver chip. Second, the 
FIFO is needed to decouple the manage-
ment of the AER-in and AER-out fluxes. 
Lastly, the mapper-out manages the look-
up table scanning and the corresponding 
AER-out transactions. Figure 2, right, 
illustrates the mapper data path.

The main interface can adapt to dif-
ferent AER standards, and is connected 
via a cable to a small board that is directly 
connected to the AER bus. To enable the 
functionality of the board to be accessed 
robustly and conveniently from user pro-
grams, we have provided a device driver 
for Linux and, layered on top of this, a 
C library.

The open-source, GNU-General-Pub-
lic-Licensed (GPL)4 driver provides full in-
tegration of the PCI-AER board into Linux 
systems following the Unix everything-is-a-
file model. This allows AE data streams 
to be read and written using standard 
Unix read and write calls and/or supports 
the use of standard shell redirection and 
command-line tools. The driver supports 

separate logical devices for 
each of the major functional 
blocks of the board—mapper, 
monitor, and sequencer—and 
can support multiple boards. 
It also ensures that the AE 
data streams being read or 
written remain coherent. For 
instance, it prevents multiple 
programs from attempting 
to read the monitored AE 
data at the same time, thus 
splitting the data stream un-
predictably. It also forces 
word-multiple-sized reads 

Figure 1. Multi-chip AER communication framework based on the PCI-AER 
board. Colored arrows indicate, diagrammatically, the information flow for the 

different operating modes of the board.
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and writes  to prevent corruption of the 
data streams due to misalignment prob-
lems. IOCTL (input/output control) calls 
are provided to set and get all possible 
sensible configuration states, and user 
programs are prevented from putting the 
board into an inconsistent state. The driver 
also performs memory management for 
the mapper SRAM (static random-access 
memory) so that the user does not need to 
perform necessary but onerous and error-
prone indexing arithmetic. This helps the 
user to avoid accidentally corrupting the 
mapping table. At the time of writing, the 
driver is available for Linux kernel versions 
2.4 and 2.6. 

The library consists mainly of thin, fast 
wrappers for the driver functions (open, 
close, read, write, flush) and IOCTL calls. 
However, functions are also provided to 
convert from the PCI-AER hardware-spe-
cific format to a generic inter-spike interval/
address-event format for reading, and vice 
versa for writing. The conversion function 
for reading also implements a state machine 
to attempt recovery when data are received 
out of order in the event  of monitor FIFO 
overruns or other hardware errors.

Both driver and library are fully docu-
mented.

Some users have written small applica-
tions in C or C++ for spike-train genera-
tion and data logging directly using the 
API (application programming interface) 
provided by the library. Dylan Muir of the 
Institute of Neuro Informatics (INI) has 
developed a Matlab toolbox for the offline 
generation and manipulation of spike trains 
to be sent to, or read from, the PCI-AER 

board via library and driver. Matthias Oster 
(see bottom of page 9) has developed a cli-
ent-server architecture on top of the library 
to enable the use of the board on-line from 
within Matlab, including real-time data dis-
play. Future developments should include a 
refinement of this client-server architecture 
to enable multiple data-sinks (including 
simple graphical display tools and other 
software packages) to read the monitored 
AE stream concurrently in a coordinated 
way. Other possible future developments 
include a command-line-driven configura-
tion tool, Java support, and a stimulation 
tool for the on-line generation of AE pat-
terns to drive the sequencer. 

The design of the PCI-AER interface 
is now being developed to provide better 
integration of the AER-related functions 
with other needs, such as setting and con-
trol. We are aiming for better performance. 
In the meantime, the current board and as-
sociated software are being used by several 
groups (including two European-Union-
funded projects), and are made available 
to interested research groups through INI 
thanks to a formal agreement between it 
and the ISS.

Figure 2. The three panels show, from left to right, information flow for the monitor, sequencer, and mapper functionalities.
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