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How does MDTM work?

An MDTM application spawns three types of threads:
• Management threads to handle user requests and management‐related functions

• Dedicated disk/storage I/O threads to read/write from/to disks/storages

• Dedicated network I/O threads to send/receive data

An MDTM data transfer application accesses MDTM middleware services explicitly via APIs.

In operation, an MDTM middleware daemon will be launched. It will support two types of services

• Query service allows MDTM APP to access system configuration and status

• Scheduling service assigns system resources based on requirements of data transfer application(s)

Initial Results (Year‐1 prototype)
Test environment:  2 HPC servers connected at 40GE

MdtmApp server – 8 parallel groups of network/storage threats
GridFTP server  ‐ 8 parallel, independent instances of GridFTP
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MDTM Client – Server data transfer

MDTM thirty party data transfer

MDTM server works with a standard FTP client

Data Transfer Applica ons/Servers 
 
 
 
 
 
 
 
 
 

Request/data preprocessing Storage I/O interface: 
a) Local disks,  b) SAN, 
c) parallel FS(Lustre) 
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Key techniques: 
• Metedata access 

– Automa c preprocessing for 
various type of storages 

– Knowledge on storage system 
performance via test 

• Obtain knowledge on system 
layout (cores, disks, NICs, etc)  

• File grouping, sor ng, load 
balancing 

• Interface: file systems, storage, 
MDTM for layout 

• Data structures: lists, sets, layout 
table, various sta s cs 

• Communica on: none 

MDTM App Preprocessing module

Shared Memory 
System Layout 

• The data can be sta c like System 
Layout, which is published once 
and the APIs can retrieve it by 
calling the synchronous read 
func on. 

• The data can be dynamic like Core 
Workload, which is published 
periodically. Our implementa on 
provide two ways to handling this 
case: polling and async reading:  

– Polling:  use synchronous read 
func on many mes in case of data 
changes. 

– Asynchronous Reading: register the 
event of data change; upon event 
occur, calling callback func on to 
invoke a read. 

App. 
 

App. 
 

Core workload 

MDTM Daemon 

Publish once 

Sync Reading Polling or 
Async Reading 

Publish dynamically 

MDTM IPC design
CPUs/
Cores 

PCI Hubs/
Bridges… 

NICs, Disks 

Connec on between devices 
Devices 

MDTM Middleware Scheduling

MDTM deployment scenarios:

Throughput FTP CPU Consumption

Problem Space
Multicore/manycore has become the norm for high‐performance computing. However, existing data
movement tools are still limited by major inefficiencies when run on multicore systems:

• Existing data transfer tools can’t fully exploit multicore hardware, especially on NUMA systems

• Disconnect between software and multicore hardware renders network I/O processing inefficient

• Performance gaps between disk and network devices difficult to narrow on NUMA systems

• Data transfer tools receive only best‐effort handling for their process threads

These inefficiencies will ultimately result in performance bottlenecks on end systems. Such
bottlenecks also impede the effective use of advanced high‐bandwidth networks

Our Solution: The Multicore‐aware Data Transfer Middleware (MDTM) Project:
• Collaborative effort by Fermilab and Brookhaven National Laboratory

• Funded by DOE’s Office of Advanced Scientific Computing Research (ASCR)

MDTM aims to accelerate data movement toolkits on multicore systems

MDTM Architecture

MDTM consists of two components:
• MDTM data transfer applications (client or server) ‐ adopts an I/O‐centric architecture that uses
dedicated threads to perform network and disk I/O operations

• MDTM middleware service ‐ harness multicore parallelism to scale data movement toolkits on host
systems

MDTM Middleware Services

OS Services

MDTM Data Transfer Applications/Tools

Hardware

Access services

Access services

Access 
services

MDTM Architecture

OS Kernel (and hardware below)

Resource Scheduler

Thread Load Estimation

MDTM App Interface

System Monitor

Thread/flow Management

Statistics Store

Qos/Policy Manager

Request/data Preprocessing

Data Transfer Service Interface

Data Access and Transmission

Admin user input

NUMA access cost 
modelling

User Interface

Authentication & Access Control

...Data Transfer 
Application's Native 
Functions & Modules

MDTM-based 
Data Transfer 
Functions & Modules

MDTM 
Middleware 
Functions & Modules

Data Transfer Application
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MDTM Software Logical Functions and Modules

Reader
...

Sender
...

Disk/Storage NICs

Receiver
...

Writer
...

Disk/StorageNICs

Networks

SEND System RECV System

... ...

Buffers Buffers

MDTM Data Transfer Model

I/O‐centric architecture
Parallel data transfer

Data flow‐centric scheduling 
NUMA‐awareness scheduling

I/O locality optimization
Maximizing parallelism

• Data transfer application’s native functions
• Data transfer service interface
• Request/data preprocessing
• Thread/flow management
• Data access and transmission
• App interface

• System profiling and monitoring
• Thread load estimation
• Resource scheduler
• QoS/Policy manager


