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* SDRAM basics & performance
* NRT —-RT performance
* NRT — RT — RT+NRT memory controllers
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SDRAM architecture
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+ can read & write only to open rows

pre-charge
([T (close)
ﬁ read/write
data
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access time

» depends on address locality
— bank: can be kept open simultaneously
— row
— column

* worst case:
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— no locality = precharge, activate, R/W for every access ﬁ read/write
— bandwidth is at most 16% of maximum

all data for DDR3-800, x16, BC=1, Bl=4, 64B data accesses;
faster, wider memories fare worse
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access time
7

» depends on address locality

— row @ D
— column ([T
act ﬁ pre

* worst case: Xt

— no locality = precharge, activate, R/W for every access ﬁ read/write
— bandwidth is at most 16% of maximum
* best case:
— maximum locality =» activate, R/'W, R/W, ...
— 98% bandwidth
* real case:
— aim for 75% (and dropping)
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memory controller objectives

* real-time (RT):
— maximise guaranteed bandwidth

* non real-time (NRT):
— minimise average latency

* mixed-criticality (RT & NRT):
— first, guarantee enough bandwidth (for RT)
— and then, minimise average latency (for SRT or NRT)
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common memory controller policies

* close page
— activate, read/write, pre-charge
— row access: 37 cycles, 16 of which are data @c=1, 8i=4, wite)
— good when locality is low, or when it cannot be assumed

* open page
— pre-charge & activate when necessary, read/write

— row miss: 15 ¢ make these numbers
. correspond to the 37
— row hit: 4 cycle cycles above

— good when loc
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access time & mapping

[assume continuous memory map] AKy)

bank 0 bank 1 bank 2 bank 3
burst count: oo Tl
amortise ° )7
precharge over :
all row accesses 1L [T

(avoid high bc otherwise

bank interleaving: il i il
hide precharge ST e
by pipelining = I A FIAARRR R
(bi=2 gives most of the gain)

([T (OO OO D

© Kees Goossens ARPA TU / Tl Unversi
Electronic Systems 2013-01-22 University of Technology




© Kees Goossens <k.g.w.goossens@tue.nl>
Eindhoven University of Technology

memory controller strategies

NRT dyn.
controller

non real time

assume &

optimise

for locality
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memory controller strategies

cannot assume locality
optimise for max. bw.

static memory NRT dyn.
controller controller
real time non real time

assume &
optimise
for locality
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memory controller strategies
static memory RT conservative | speculative RT+NRT NRT dyn.
controller Predator open page open page open page controller
real time non real time
assume &
cannot assume locality optimise
optimise for maximum bandwidth for locality
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memory controller strategies

static memory RT conservative | speculative RT+NRT NRT dyn.
controller Predator open page | open page open page controller
real time

non real time

assume &
cannot assume locality optimise
optimise for maximum bandwidth for locality
policy close page open page
100% mixed 100%
scheduler static static cmds, dyn.trans. dynamic
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memory controller strategies

static memory RT conservative | speculative RT+NRT NRT dyn.
controller Predator open page open page open page controller
real time non real time
assume &
cannot assume locality optimise
optimise for maximum bandwidth for locality
policy close page open page
100% mixed 100%
scheduler static static cmds, dyn.trans. dynamic
burst count small large variable small
interleaving over many banks over fewer bank
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memory controller strategies

raw memory efficiency
120 maximum total (RT+NRT)
bandwidth (as % of raw)
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memory controller strategies

raw memory efficiency
120
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worst case
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in the worst case, RT traffic
requires the maximum total
and nothing is left for NRT

e===max RT guar.

em=BC RT+NRT
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good case (illustrative)
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requires much less

in a good case, RT traffic
and a lot is left for NRT

e===max RT guar.
=#=actual RT
=t=actual RT+NRT

@==BC RT+NRT
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where to play?
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NRT memory controller architecture

integrated transaction & command scheduling

NRT (LL+HB)
requestors memory scheduler & controller memory
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memory
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transactions
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Predator RT memory controller architecture

predictable resource

v

RT requestors scheduler memory controller memory
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memory
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patterns
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Predator RT memory controller architecture
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Predator RT memory controller architecture

predictable resource
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Predator RT memory controller architecture
predictable sharing predictable resource R
RT requestors scheduler memory controller memory
— command .
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T-CREST - focussing on real time platform

* a RT memory controller is not enough
* RT interconnect (NOC)

* RT processor & RTOS

* programming model

* efc.

« T-CREST focus on real-time:

minimise the worst case, not the average case!

* leveraging the experience of CompSOC platform
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conclusions

* building a RT or NRT memory controller is fun (except for the PHY)
* but building RT+NRT memory controller requires more trade offs:

guaranteed — average
bandwidth — latency — power

» key is to trade RT efficiency for better NRT locality
« this is possible when traffic is a mix of RT and NRT

* “just” bolting on RT on a NRT controller is very limited (16%)
» higher RT guarantees require restriction on access patterns
— be careful to not pay in terms of data efficiency
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more information: www.compsoc.eu

* CompSOC in CRTS12 and in

« Aethereal real-time NOC, DAC’10

» Predator real-time DRAM memory controller, DATE’11

*+ CompOSe RTOS, MICPRO’11

» composable power management, SAMOS’11

» SDF3, DAC’06 Stuijk, et al. http://www.es.ele.tue.nl/sdf3/
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Multiprocessor System-on-Chip. Huebner (ed), Springer, 2010
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