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Anecdote I:  System Issues 
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Anecdote II:  DDR’s DLL 
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Anecdote II:  DDR’s DLL 
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Anecdote II:  DDR’s DLL
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Anecdote III:  Circuit v System
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Vision

 

Must make cir cuit-le vel decisions
considering system-le vel ramifi cations

 

(holistic appr oach)
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Past Work:  Device-Le vel 
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Past Work:  Device-Le vel
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Past Work:  Device-Le vel
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Past Work:  Device-Le vel

 

Band width-Enhancing Techniques II:
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Past Work:  System-Le vel

 

Even when we restrict our f ocus …
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Past Work:  System-Le vel

 

... the design space is F AR fr om regular …
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Past Work:  System-Le vel

 

... and the cost of poor judgment is high.
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An Aside

 

Past w ork  used first-or der  models.

Present w ork  uses models 
accurate to 

 

second & thir d or der

 

 effects …
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[ Defi nition:  

 

Zero’th Or der

 

 ]

 

...

if ( INSTR.is_loadstore ) {
if (L1_cache_miss( INSTR.daddr )) {

if (L2_cache_miss( INSTR.daddr )) {

cycles += DRAM_LATENCY;

OR

INSTR.ready = now() + DRAM_LATENCY;

}
}

}

...
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An Aside
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Past & Present Work 
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Present Work:  DRAMsim
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Present Work:  DRAMsim
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Present Work:  DRAMsim 

 

Memor y Access Latenc y Distrib ution

 

Memory Access Latency: In CPU cycles

   0

500

1000

1500

2000

 

N
um

be
r 

of
 A

cc
es

se
s 

at
 e

ac
h 

La
te

nc
y 

V
al

ue 2 GHz CPU, 200 MBPS 8 Byte wide DDR SDRAM

 
0 500 1000 1500

0

2000

4000

6000

8000

0 500 1000 1500
 

GCCMCF

 

Minimum Latency 
~ 180 CPU cycles

Most accesses
satisfied immediately.
Latency distribution 
favors low latency values

Most accesses
must be pipelined.
Long queueing delay, 
Large range of latency values

Dominant Latency
“modes” evident:

CAS Hit Latency

Bank Conflict Latency



 

A HOLISTIC
APPROACH

 

to DRAM

 

Bruce Jacob

University of

 

Maryland

 

SLIDE 22

 

Present Work:  

 

Why?

 

Benefi t: 
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Present Work:  

 

Why?

 

Benefi t: 
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Present Work:  

 

Why?

 

Benefi t: 

 

Insights (Anecdote II,  revisited) 
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Present Work:  

 

Why?

 

Benefi t: 

 

Insights (Anecdote II,  revisited) 
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Anecdote III,  revisited 
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Anecdote III,  revisited
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Anecdote III,  revisited
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But Wait, There’s More …

 

t

 

DQS

 

 

 

protocol-le vel limitation placed 
upon ranks  to pre vent data-b us 
collisions

 

 

 

on rank hand-off

 

• Severel y limits b us effi cienc y fr om m ultiple ranks
• Luc kil y, it is defi ned in 

 

cycles

 

 and not 

 

nanoseconds

 

Cloc k

Cmd 

Internal Cmd

Data 

 t  DQS    

C CC

C

CR RR R

C C CC C

C CC C

C

R R RR

 

data data data data data data data data 



 

A HOLISTIC
APPROACH

 

to DRAM

 

Bruce Jacob

University of

 

Maryland

 

SLIDE 32

 

Solution I:  Scheduling
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Solution I:  Scheduling
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Solution I:  Scheduling 
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Solution II:  Topology , etc.

 

Problems solved b y t
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Bus collisions on rank handoffs

 

Any alternative solution will do … 

 

• Topology eliminates collisions (can account f or static 
DIMM-DIMM skew with Vernier -type solution)

• Note:  solution requires sour ce-sync hronous c loc king
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Other Items,  e.g. ESDRAM

 

How eff ective is the write-ar ound f eature? 
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Perspective , Future Work 

 

• Investigating these types of issues (local-vs-system) 
at all le vels of the hierar chy (cac he, disk,  etc).

• MKP book to come (“holistic appr oach”  ??)
• Goal:  SYSim will be open-sour ce release w/ book
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Summar y 

 

No long er appr opriate to optimiz e 
subsystems in isolation:  local optima do not 
yield globall y optimal system

Systemic beha vior s: unanticipated 
interactions yielding ineffi ciencies

Specifi c instances:

 

• t

 

FAW

 

 + t

 

RRD

 

 + t

 

DQS

 

 severel y limits BW
• Choice of DLL on DDR SDRAMs to de-ske w par ts  
Many pr oblems can be ad dressed b y 
system-le vel solutions;  can be better than 
cir cuit-le vel solutions
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Et Cetera

 

MEMORY-SYSTEMS RESEARCH SUPPORT:

 

• NSF (CAREER Award)
• Intel
• Cray

 

(CURRENT) MEMSYS GRAD STUDENTS:

 

• Dave Wang:  

 

DRAMsim
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 studies, etc.

 

• Ankush Varma:  

 

SystemC system-on-chip energy model

 

• Nuengw ong Tuaycharoen:  

 

SYSim

 

 development

 
• Sean Leventhal:  

 
Other studies (e.g. ESDRAM, MC, etc.)
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