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そうだ！
M-Core/SimMcがあるじゃないか

メニーコアアーキテクチャを
お気楽、お手軽に試してみよう♪
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Abstract—Many-core processors which have thousands of cores
on a chip will be realized. We developed an infrastructure which
accelerates the research and development of such many-core pro-
cessors. This paper describes three main elements provided by our
infrastructure. The first element is the definition of simple many-
core processor architecture called M-Core. The second is SimMc,
a software simulator of M-Core. The third is the software library
MClib which helps the development of application programs for
M-Core. The simulation speed of SimMc and the parallelization
efficiency of M-Core are evaluated using some benchmark pro-
grams. We show that our infrastructure accelerates the research
and development of many-core processors.

I. INTRODUCTION

The progress of LSI technology have realized various multi-
core processors. These multi-core processors are used widely
since processing speed and power efficiency are improved
compared to a single-core processor by packaging several cores
on one chip. By the continuous process shrinking, the many-
core processors of more than dozens of cores will be realized in
the near future. Now is the time to develop the technologies for
high-performance many-core processors.

This paper describes an easy-to-use infrastructure to ac-
celerate research and development of many-core processors.
Our infrastructure consists of three main elements. The first
element is the many-core processor architecture M-Core. The
second is the processor simulator SimMc and the third is the
software library MClib. The M-Core architecture is our defined
many-core processor architecture where each core connected
by a 2-dimensional mesh network. In research on processor
architectures, processor simulators are used widely. For the
purpose, we provide SimMc which is a processor simulator of
M-Core. In addition to the processor simulator, we provide the
software library MClib which helps the development of parallel
programs on M-Core.

The rest of this paper is organized as follows. In section
II, we define M-Core architecture. In section III, we describe
the software simulator SimMc. In section IV, we show the
evaluation results and we describe the real researches using our
infrastructure. The future work is discussed in section V, and
this paper is concluded in section VI.

II. M-CORE ARCHITECTURE

The M-Core architecture is a simple many-core processor
architecture we defined from scratch. This architecture is de-
signed to help research and development of various many-core

Comp.
Node
(1,1)

Comp.
Node
(1,2)

Comp.
Node
(1,8)

Comp.
Node
(2,1)

Comp.
Node
(2,2)

Comp.
Node
(2,8)

Comp.
Node
(3,1)

Comp.
Node
(3,2)

Comp.
Node
(3,8)

Comp.
Node
(8,1)

Comp.
Node
(8,1)

Comp.
Node
(8,8)

Operation
Node
(0,0)

Memory
Node
(1,0)

Memory
Node
(2,0)

Memory
Node
(3,0)

Memory
Node
(8,0)

Off chip memory modules and switch

Conventional 
I/O

Many-core
processor chip

Fig. 1. The architecture model of M-Core. This figure shows a case that 8x8
computational nodes are implemented in a chip.

processor architectures. We summarize the concepts of M-Core
architecture.

• M-Core architecture should support the scalability to im-
plement up to 64 thousand cores in a chip.

• It consists of many lightweight cores to use the hard-
ware resources effectively. Complicated interruption con-
trol mechanisms and speculative processing mechanisms
are eliminated from each core dedicating on computation.

• Many lightweight cores and system software cooperate
to realize various functions such as task migration and
CoreSymphony.

• In order to achieve the high parallelization efficiency of a
processor, data communication overheads between cores
should be minimized.

Fig.1 shows the M-Core architecture model. The M-Core
architecture consists of many nodes. Each node is connected
by a 2-dimensional mesh network. The network is used for
communication between nodes. The mesh size is variable, so
the number of the node on a chip is also variable. Fig.1 shows
the case of 8×8 mesh size. The node ID which is unique
identifier within a chip is assigned to each node. It is expressed
using the X coordinate and Y coordinate. The node ID is
used for communication between nodes. In this paper, the node
whose node ID is (X,Y) is written as “node (X,Y)“.

There are three kinds of nodes, a computational node, an
operation node, and a memory node. Nodes from node (1,1)
to node (8,8) in Fig.1 are computational nodes. Each com-

M-Coreアーキテクチャ

4

メニーコアシステム設計のベースアーキテクチャ 2

Comp. Node

INCC
Node

memory

Core

Router

load/store

read/write

Fig. 2. A block diagram of computational node. Core is a MIPS32 like RISC
processor. INCC is an Inter-Node Communication Controller.

putational node contains one core. The core is simplified just
for computation by eliminating interruption processing mecha-
nisms and speculative processing mechanisms. These computa-
tional node runs application programs.

Node (0,0) in Fig.1 is the operation node. This node has func-
tions equivalent to the conventional general-purpose processor.
This node controls peripheral device I/O and allocates tasks to
computational nodes.

The nodes from node (1,0) to node (8,0) in Fig.1 are memory
nodes. These nodes connect with off-chip main memories.
Computational nodes and the operation node can access main
memories using DMA transfer.

Fig.2 shows the details of the computational node. The
computational node consists of a core, a node memory (local
memory), an INCC (Inter-Node Communication Controller),
and a router. Core is a MIPS32 like RISC processor. In order
to access the node memory in the same node, the core executes
load/store instructions. DMA transfer is used in order to ac-
cess the main memory or the node memory on another node
(remote node). In order to distinguish between node memory
accesses from cores and node memory accesses from INCCs,
the former is described as load/store and the latter is described
as read/write in this paper.

The rest of this section describes the programming model and
micro-architecture of M-Core.

A. programming model
In the computational node, the core of each node can access

to the node memory in the same node with the load/store
instruction and to the node memory in the other nodes and the
main memory with DMA transfers.

There are two kinds of DMA transfers, DMA PUT and
DMA GET. The former transmits the data from a node memory
in the same node to the node memory in the other node or
a main memory. The latter transmits the data from a node
memory in the other node memory or the main memory to the
node memory in the same node.

The DMA transfer requires six parameters as follows: desti-
nation node ID, read address, write address, read stride, write
stride and size. Own node ID can also be used as destination
node ID.
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Fig. 3. The model of stride transfer. Data of Node (1,1) are read as ”read
stride” and they are written to the node memory of Node (2, 1) as ”write
stride” at DMA PUT (a). In contrast, data of Node (2,1) are read and written
to Node (1,1) as each stride at DMA GET (b). Each of ”read stride” and ”write
stride” is set independently.

Fig.3 shows a case of processing DMA transfer using stride
access. Stride access realizes continuous memory access skip-
ping a fixed address interval. Fig.3 (a) shows a case that
node (1,1) executes DMA PUT to node (2,1). Fig.3 (b) shows
a case that node (1,1) executes DMA GET to node (2,1).

A stride value can be specified independently as read stride
and write stride. DMA transfers using stride access enhance the
processing performance such as acquiring the column data of
2-dimensional array.

In order to realize various functions such as execution of
DMA transfer. Then, We provide library MClib. MClib is a API
and consists of many functions as below: acquisition of node
ID and network size, execution of DMA PUT and DMA GET,
synchronization control, exclusion control and so on. This
library enhances application development efficiency, because
application programmers can concentrate on development of
programs, without considering memory maps.

B. micro-architecture
The instruction set architecture of the core in each computa-

tional node is MIPS32.
The core accesses to the node memory directly by load/store

instruction. The instruction and the data are stored in the node
memory. It has approximately hundreds of KB capacity. It
needs 4 ports as follows: instruction fetch, load/store instruc-
tion, read, write 1. A memory access reads or writes 1 word (32
bits). It is completed in 1 cycle.

Fig.4 shows the INCC architecture. Core-INCC interface is
memory mapped registers. Using Core-INCC interface, the core
sends parameters required for DMA transfer to the INCC. The
values stored in Core-INCC interface are copied to current

1In each node memory of computational node, reduction of the number of
ports is one of the future works

MIPS32互換コア
INCC　
X-Y次元順ワームホール
ルーティング
Send/Recvなデータ転送API
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SimMcをはじめよう
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無料、ソースコードも公開
http://www.arch.cs.titech.ac.jp/mcore/

簡単実行
./SimMc -x2 -y2 a.out

簡単プログラミング
mipsel-linux-gcc -I${LIB} -static MClib.o test.c

M-Coreアーキテクチャのお手軽シミュレータ

http://www.arch.cs.titech.ac.jp/mcore/
http://www.arch.cs.titech.ac.jp/mcore/
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SimMcでできること
ステップ１: はじめてのメニーコア

パラメタ変更による性能測定

MClibを使ったプログラミング

データ転送のダンプ/解析

ステップ２:もっとメニーコア
新しいアーキテクチャの試行

各種プログラミングモデルの試行

ステップ３: もっともっとメニーコア
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SimMcでのプログラミング

ID関連

MC_get_id

MC_get_rank

転送命令

MC_dma_put

MC_dma_get
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MClibを使いこなして、並列プログラミング
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SimMc“の”プログラミング　
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シンプルなSimMcのクラス階層
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SimMc“の”プログラミング　
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500 void Env::execute()
501 {
502    while (finishcond()) {
503       core_update();
504       memory_update();
505       incc_update();
506       router_update();
508       router_switching();
511       comm_update();
515       post_update();
518     }
519 }

シンプルなメインループ

sim/env.cc
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SimMc“を”使った研究事例

タスク配置の最適化 [三好_09] [佐野_10]

キャッシュメモリ [入谷_10]

ディペンダビリティ向上 [佐藤_10]

ソフトウェアキャッシュ [三好_10_1]

アクセス競合の影響軽減 [三好_10_2]

可変レベルキャッシュ用モード切換手法 [城田_10]
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Let’s Enjoy Many-core Architecture♪
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関連リンク

M-Coreプロジェクト: メニーコアプロセッサの
研究・教育を支援する実用的な基盤環境

SimMcの使い方解説

Buildroot: making Embedded Linux easy
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http://www.arch.cs.titech.ac.jp/mcore/

http://www.wasamon.net/miyo/index.cgi?page=SimMc

http://buildroot.uclibc.org/

http://www.arch.cs.titech.ac.jp/mcore/
http://www.arch.cs.titech.ac.jp/mcore/
http://www.wasamon.net/miyo/index.cgi?page=SimMc
http://www.wasamon.net/miyo/index.cgi?page=SimMc
http://buildroot.uclibc.org
http://buildroot.uclibc.org
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SimMc“を”使った研究事例
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