Hash Sorter – A building block for FPGA implementation of high-energy physics trigger systems.

Introduction

In trigger systems of high-energy physics experiments, it is often necessary to match or pair-up two data items from two sets of them.  The two data item sets may or may not be the same type ones.  The order of the data items within a set may not be know to the user.

One example of such data item pairing-up is track segment matching.  In many experiments, the track segments can be found in different portions of the detector.  The track segments produced by the same track in different detector portions must be collected together for further track fitting.

Another example is track extension.  XXX.  In this case, the data items to be matched are in different types (i.e., track segment and hit types).

The tasks we described above belong to an O(n2) algorithm.  When we implement this kind of algorithm in software, we need two layers of loops, an inter loop for all data items in one set and an outer loop for ones in the other set.  In hardware implementations, it is possible to “unroll” a layer of the loop so that the algorithm becomes a nearly O(n) ones.  One of the most popular hardware implementation methods is using contents addressable memory (CAM) or associative memory (AM).  The method we will describe in reference [1] and this document is called hash sorter.

Hash sorter can be visualized as a memory block organized into bins that are indexed by a key number.  The data items with a particular key number are stored in the particular bin.  The data items having same key number can then be retrieved quickly later.

In reference [1], we have discussed an implementation of hash sorter for track segment matching.

Single clock cycle operations – write, read and reset/refresh

An alternate of CAM

Implemented with regular RAM, portable to any FPGA

