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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

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

 

(holistic appr oach)



 

A HOLISTIC

 

APPROACH

 

Bruce Jacob

University of

 

Maryland

 

SLIDE 8

 

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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[Cuppu & Jacob ISCA 2001]
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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

 

Past w ork  used first-or der  models.

Present w ork  uses models 
accurate to 

 

second & thir d or der

 

 effects …



 

A HOLISTIC

 

APPROACH

 

Bruce Jacob

University of

 

Maryland

 

SLIDE 18

 

Past & Present Work 
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Past & Present Work 

 

IEEETC

 

 1996: System-le vel anal ytical tool f or cost/perf ormance

 

ISCA

 

 1999, 

 

IEEETC

 

 2001: DRAM device-le vel c haracterization

 

CASES

 

 2001, 

 

IEEETC

 

 2003: Performance & ener gy modeling of R TOS, CPU, memor y

 

ISCA

 

 2001, 

 

IEEE Micr o

 

 2003: DRAM system-le vel c haracterization

 

SPIE

 

 2005: SystemC modeling of ener gy in systems-on-c hip

 

SIGARCH

 

 2005: DRAMsim released to comm unity

 

ISPASS

 

 2005, 

 

HPCA

 

 2006: Characterization of bioinf ormatics w orkloads

 

CPU

 

$

 

SimBed

 

 

 

C-langua ge embed ded-system model

 

DRAMsim

 

C-langua ge
DRAM model

 

(SIGARCH 2005)

 

SYSim

 

C-langua ge

 

(MKP book)

 

system
model

 

CMP$im

 

Pin tool to model
CMP cache (and
DRAM) systems

 

(HPCA 2006)

 

EmPower

 

SystemC model of
SoC, heat & po wer

 

(SPIE 2005)

(CASES 2001, 
IEEETC 2003)

 

IEEETC

 

1996

 

Analytical
model

 

ISCA

 

 1999,

 

IEEETC

 

 2001

 

Device-level study

 

ISCA

 

 2001

 

System-level study



 

A HOLISTIC

 

APPROACH

 

Bruce Jacob

University of

 

Maryland

 

SLIDE 20

 

DRAMsim

 

Execution of a Load Instruction
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DRAMsim
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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

 

Bruce Jacob

University of

 

Maryland

 

SLIDE 23

 

DRAMsim

 

http://www .ece.umd.edu/dramsim
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Accurac y: 

 

Why?

 

Benefi t: 

 

Insights (Anecdote II,  revisited) 
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Accurac y: 

 

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 …
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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

 

FAW

 

 + t

 

RRD

 

 + t

 

DQS

 

• t

 

FAW

 

 + t

 

RRD

 

Instantaneous current dra w in de vice
• t

 

DQS

 

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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M
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CMD & write data

read data
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Interesting Side Note

 

Full y Buff ered DIMM
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Nth Or der Eff ects:  Heat, EMI

 

EmPower:  

 

First Target Application
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Nth Or der Eff ects:  Heat, EMI

 

EmPower: Initial Results
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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

 

(CURRENT) MEMSYS GRAD STUDENTS:

 

• Dave Wang:  

 

DRAMsim

 

, t

 

FAW

 

 + t

 

RRD

 

 + t

 

DQS

 

 studies, etc.

 

• Aamer Jaleel:

 

 

 

CMP$im

 

, bioinformatics, etc.

 

• Brinda Ganesh:  

 

DRAMsim

 

, FB-DIMM power mgmt

 

• Samuel Rodriguez:

 

 SRAM circuit-level details

 

• Ankush Varma:  

 

SystemC system-on-chip energy model

 

• Sadagopan Sriniv asan:  

 

SoC memory system issues

 

• Nuengw ong Tuaycharoen:  

 

SYSim

 

 development

 

• Hongxia Wang:

 

 SRAM circuit integrity issues

 

• Joe Gr oss:  

 

DRAMsim II 

 

development

 CONTACT INFO:  

• Prof . Bruce Jacob 
ECE Dept., Univer sity of Mar yland,  Colleg e Park, MD

•

 

www.ece.umd.edu/~blj/
blj@ece.umd.edu
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DRAM: Brief Primer 

 
Dual In-line Memor y Module (DIMM)

(printed cir cuit boar d w/ DRAM c hips on it)

 

Switching element

Storage
Bit Line

Word Line
(transistor)

element
(capacitor) 
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DRAM: Brief Primer 

 
The memor y system  (in blue)
… and DRAM’ s typical place within it.

(typical PC-style desktop system)

 

DRAM
ArrayDRAM

ArrayDRAM
Array

Secondary
Cache

CPU

Secondary
Cache

Memory
Controller

Memory modules

CPU

Graphics
Co-Processor

Primary
Cache

I/O
Controller

Hard
Drive/s

Network
Interface

SCSI
Controller

 

Backside bus

Frontside bus
DRAM busAGP bus

PCI bus

 

Other Low-BW
I/O Devices

Keyboard

Mouse

 

D
R

A
M

D
R

A
M

D
R

A
M

D
R

A
M

 

SCSI bus

 

North Bridge
Chipset

South Bridge
Chipset
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DRAM: Brief Primer

 

The DRAM de vice

 

... Bit Lines...

Memor y
Arra y

R
o

w
 D

ec
od

er

 

. .
. W

or
d 

Li
ne

s 
...

 

DRAM

 

Storage element

Switching 
element

Bit Line

Word Line

 

Data In/Out
Buff ers

Sense Amps

Column Decoder

 

(capacitor)
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DRAM: Brief Primer

 

Access Pr otocol

 

1 2

t

 

RCD

 

t

 

CAS

 

cmd

data

t

 

RAS

 

4

t

 

RP

 

t

 

DATA

 

1

 

1

 

Active: Open Row, t

 

RCD

 

 time later, a CAS command may be issued to the DRAM chip

 

2

 

CAS: Column Read command, t

 

CAS

 

 time later, data begins to be placed 
onto the Data bus. We use t

 

CAC

 

 to factor out command transmission time.  

 

3

 

Data: The number of cycles that the data transmits over the Data bus

 

4

 

Precharge: Close the Row, this command may be issued t

 

RAS

 

 time after
the Active command. After t

 

RP

 

 time, another active command may be issued.

 

3

t

 

RC

 

t

 

CAC

 

1 2

t

 

RCD

 

t

 

CWD

 

cmd

data

t  RAS  

4

t  RP  

t

 

DATA

 

1

 

2

 

CWD: Column Write Delay, the number of cycles that the controllers must
wait before placing the data onto the data bus. 

 

3

t
 

RTR
 

5

 

5

 

RTR: Retirement delay, this is for systems with write delay buffers.(RDRAM)

 

READ:

WRITE:


