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Abstract  Single program multiple data (SPMD) is a main execution mode in the high-performance
computing domain. While processing the same program segment, each adjacent core’s execution
varies depends on the data it processes and its own control flow. Many-core processor has been
widely used in high performance computing domain for its advantages in high peak performance,
high calculated density and high energy efficiency. While ensuring the performance, many-core
processor has put forward higher requirements on power and area cost for it incorporates more
cores and larger scale logic into a single chip. The SPMD execution mode can be effectively
utilized by sharing the L1 instruction cache across adjacent cores. The strain on the on-chip
resources is also alleviated by using the shared instruction cache. However, the sharing structure
has the negative impact on performance, which is caused by access conflicts in the shared instruction
cache. In this paper, we first give a theoretical analysis on access conflicts of the shared instruction
cache based on the queuing network. Rather than physically corresponding banks of the instruction
cache to queuing nodes, we model the shared instruction cache according to the cores’ instruction
fetch pattern. Queueing network reflects the steady-state performance of system when time tends

to infinity. However, the access frequencies on each instruction cache bank tend to be the same in
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such a long period of time. In other words, queueing network on physical cache banks may not
precisely reflect the intensive conflicts on each bank. The theoretical analysis can achieve more
accurate characteristics of access in shared instruction cache by utilizing the model on cores’
instruction fetch pattern. The model of shared instruction cache given in this paper is later
verified by simulation results. Based on the causes of performance loss in the theoretical analysis,
we then design an XOR-hash function to minimize access conflicts in the shared L1 instruction
cache. In the design of XOR-hash function, we accelerate the search of the hash function by
leveraging null space of the hash matrix to eliminate the hash functions with the same hash
effects. Under the premise of getting better randomization hash effects in the linear space of hash
function, search cost and hardware implementation complexity are also taken into consideration
by controlling the timing and power overhead. To control the propagation delay of the hash
function, the maximum stages of the XOR-gate are restricted. We also limit the maximum load
on each driver feeding to the XOR-gate to control the power overhead. By adjusting transformation
probabilities of the instruction cache queueing network, this XOR-based hash function can effectively
reduce bank conflicts in the shared L1 instruction cache. Experimental results show that in a
4-core cluster with 32 KB instruction cache in all, the XOR hash-indexing shared instruction cache
yields an 11% performance improvement compared to the private instruction cache and yields an
8% performance improvement compared to the set-interleaving shared instruction cache. The
XOR hash-indexing shared instruction cache yields an 3. 2% performance improvement compared
to the shared instruction cache using the hash function for stride-based access.

Keywords  single program multiple data; instruction cache; many-core processor; queueing
network; XOR-hash function
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Background

This work focuses on XOR-hash indexing for the shared
instruction cache of many-core processor in high performance
computing.

Many-core processor has become the main development
trend in high performance computing domain for its advantages
in high peak performance, high calculated density and high
energy efficiency. Single Program Multiple Data (SPMD) is
a main execution mode of applications in high-performance
computing domain. While processing the same program segment,
every core’s execution varies depends on the data it processes
and its control flow. It is important to improve the efficiency
of instruction cache in many-core processor to achieve higher
performance in SPMD execution mode. While ensuring the
performance, many-core processor has put forward higher
requirements of power and area cost for it incorporating more
cores and larger scale logic into a single chip. In the aspect of
area, it is essential to limit the complexity and capacity of
on-chip cache because the instruction cache consumes a part
of the area and power of many-core processor.

There exist several previous works focus on power and
performance of instruction cache system between L1 instruction
cache to front-end of pipeline. For example, micro-op cache.
loop buffer, filter cache, instruction register file, tagless hit
instruction cache and revolver modified issue are designed for
reducing instruction cache’s power dissipation. Researches
on processors performance are also widely studied, such as
temporal instruction fetch, proactive instruction fetch, shared
history instruction fetch table. However, there are few

researches making use of SPMD execution mode or focusing
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on bank conflicts of shared instruction cache. Implementation
complexity and hardware overhead are other disadvantages of
previous works.

In this paper. we design an XOR-hash function to minimize
access conflicts in the shared L1 instruction cache. In the
design of XOR-hash function. under the premise of getting
better randomization hash effects in the linear space of hash
function, search cost and engineering implementation complexity
are also taken into consideration. By adjusting transformation
probabilities of the instruction cache queueing network, this
XOR-based hash function can effectively reduce bank conflicts
in the shared L1 instruction cache. Experimental results
show that in a 4-core cluster with 32 KB instruction cache
in all, the XOR hash-indexing shared instruction cache yields
an 11% performance improvement compared to the private
instruction cache and yields an 8% performance improvement
compared to the set-interleaving shared instruction cache.

Our group has been working on the high-performance
computing and processors design. We have developed several
designs for instruction cache on home-grown heterogeneous
many-core processor architecture. Such as instructions win-
dow buffer and level 0 instruction cache.

This work is supported by the National Key Technology
Research and Development Program of China under Grant
No. 2016 YFB0200500. The target of this projects is to build
validation system for key technology in exascale supercom-
puter by home-grown many-core processors and home-grown

network processors.





