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 NXP Viper2 (PNX8550) 

 0.13 m

 ~50 M transistors

 ~100 clock domains

 more than 70 IP blocks

Worst-Case Bandwidth (WCBW)?
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DRAM Memories

 DRAM is accessed by scheduling commands

 ACT, PRE, RD, WR, REF, NOP

 Subject to timing constraints
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Dynamically Scheduled Memory Controller

 A transaction is translated into a sequence of commands

 Scheduling algorithm

 First-Come First-Serve (FCFS) for transactions

 RD or WR commands have higher priority than ACT
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Scheduling Dependencies of a Transaction

 A transaction     is executed by scheduling commands to 

successive banks

 Worst-case analyses have been carried out based on

analyzing individual dependency [4][10][11][12]
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Dataflow Modeling of Command Scheduling

 From command scheduling to actor firing

 Commands are represented by actors

 Timing constraints are captured by delay actors

 Scheduling dependencies are depicted by the edges between 

actors

ACT RD
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RD
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ACT RCD RD
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RD

𝑡 𝑅𝐷𝑗 = max{𝑡 𝐴𝐶𝑇𝑗 + 𝑡𝑅𝐶𝐷,

𝑡 𝑅𝐷𝑗−1 + 𝑡𝐶𝐶𝐷}
Max-plus algebra
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Dataflow Modeling of Command Scheduling
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Command scheduling dependencies

 Dataflow model of transactions (e.g., 32-byte read)

 Dynamisms
 Unknown order of 

accessing different banks

 Variable transaction sizes 

need different number of 

banks
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 MCDF is a restricted variant of Boolen data-flow

 capturing dynamisms while being analyzable

 The structure includes

 actors behaving as switch and select, which are controlled by an 

actor, named mode-controller (MC)

 Dynamism is captured by defining mode sequences (MS)

Mode-Controlled Dataflow Model (MCDF)
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Mode-Controlled Dataflow Model (MCDF)
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Mode-Controlled Dataflow Model (MCDF)
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Mode-Controlled Dataflow Model (MCDF)
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Mode-Controlled Dataflow Model (MCDF)

MCDF & SMS

Single rate 

dataflow graph 

(SRDF)

𝑆𝑀𝑆 = 𝑀0 | 𝑀1
∗

Src_1

MC_1

SW_1

A_1

SL_1

a_1

Tsw_

1

Tsl_1

Src_2

MC_2

SW_2

B_1

SL_2

b_1

Tsw_

2

Tsl_2

𝑀0_0 𝑀1_0



14

Mode-Controlled Dataflow Model (MCDF)
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MCDF Modeling of Dynamic Command Scheduling
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MCDF Modeling of Dynamic Command Scheduling

 From transactions to mode sequences

 Worst-case bandwidth (WCBW)

 From Maximum cycle mean (MCM) to WCBW

Transaction Commands Mode sequence
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MCDF Modeling of Dynamic Command Scheduling
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 MCDF model

 Commands are captured by cmd actors

 Timing constraints are described by delay actors

 A mode is constructed with these actors

 Transactions are translated in to static mode sequences (SMS)
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Experiments

 Goal

 Validate the MCDF model

 Obtain the worst-case bandwidth results

 Setup

 Heracles: a temporal analysis tool developed at Ericsson

 RTMemController: an open-source analysis tool for a real-time 

memory controller with dynamic command scheduling.

http://www.es.ele.tue.nl/rtmemcontroller/

 16-bit DDR3-800D/1600G/2133K SDRAMs with 2Gb

 Transaction sizes include 16-byte, 32-byte, 64-byte, 128-bytes, 

256-byte

http://www.es.ele.tue.nl/rtmemcontroller/
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Experiment 1 

 Validation of the MCDF model

 Simulating the MCDF model with Heracles gives identical command 

schedules as the cycle-accurate RTMemController simulator
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Experiment 2: Fixed transaction sizes

 MCDF >= Analytical

 MCDF < Scheduled only for 16-byte due to cmd collision
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[4] Y. Li et.al. Architecture and analysis of a dynamically-scheduled real-time memory controller. 

Real-Time Systems Journal, pp 1-55, Springer, 2015.
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Experiment 3: Variable transaction sizes

 64-byte transactions followed by 128-byte transactions 

(known order)

 Random mix of 64-byte and 128-byte transactions 

(unknown order)
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Real-Time Systems Journal, pp 1-55, Springer, 2015.
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 A mode-controlled dataflow (MCDF) model of dynamic 

command scheduling for RT memory controllers

 Supports simulation

 Provides worst-case bandwidth results

 Is easy to adapt to other memory controllers 

 The MCDF model outperforms several existing analysis 

approaches

Conclusions
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