Advanced Computer Architecture
Lecture 18

DRAM Controllers & Address Mapping
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DRAM Subsystem Organization

“ Channel

% DIMM

“ Rank
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“ Bank

“ Row

» Column

“ B-Cell



DRAM Rank
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DRAM access latency varies depending on which row is stored in the row buffer _




Basic DRAM Operation

«» CPU — controller transfer time
s Controller latency

** Queuing & scheduling delay at the controller

% Access converted to basic commands
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% DRAM bank latency

< Simple CAS (column address strobe) if row is “open”

“* RAS (row address strobe) + CAS if array precharged

** PRE + RAS + CAS (worst case)

% DRAM — Controller transfer time : Bus latency (BL)

«» Controller to CPU transfer time



Multiple Banks and Channels

s Multiple banks

s Enable concurrent DRAM accesses
¢ Bits in address determine which bank an address resides in
¢ Multiple independent channels
TR paraiferas they Ve Separats dats Blised Yo Jose. [T Guwahal
¢ Increased bus bandwidth
“* More wires, area and power consumptions
“* More pins for on-chip memory controller

s Enabling more concurrency requires reducing

+»» Bank conflicts, Channel conflicts



Multiple banks to reduce delay
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Address Mapping (Single Channel)

* Single-channel system, 8B memory bus

s 2GB memory, 8 banks, 16K rows & 2K columns per bank

** Row interleaving

+» Consecutive rows of memory in consecutive banks
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| Row (14 bits) | Bank (3 bits) | Column (11 bits) | Byte in bus (3 bits) |

% Cache block interleaving

% Consecutive cache block addresses in consecutive banks
¢ 64 B cache blocks, Accesses to consecutive cache blocks in parallel

| Row (14 bits) | High Column | Bank (3 bits) | Low Col. | Byte in bus (3 bits) |
8 Dits 3 bits




Address Mapping (Multiple Channels)

(c] Row (14 bits) | Bank (3 bits) | Column (11 bits) | Byte in bus (3 bits) |

| Row (14 bits) || Bank (3 bits) | Column (11 bits) | Byte in bus (3 bits) |
Row (14 bits) Bank (3 bits) |C Column (11 bits) Byte in bus (3 bits)
Row (14 bits) Bank (3 bits) Column (11 bits) C| Byte in bus (3 hits)

< Where are consecutive cache blocks?

Bank (3 bits) | Low Col.

Row (14 bits)

Row (14 bits) High Column Byte in bus (3 bits)
8 Difs 3 DIS
| Row (14 bits) [c|] High Column | Bank (3 bits) | Low Col. | Byte in bus (3 bits) |
2Pifs 3Dils
| Row (14 bits) | High Column |c| Bank (3 bits) | Low Col. | Byte in bus (3 bits) |
pItS 2 DItS
| Row (14 bits) | High Column | Bank (3 bits) |C| Low Col. | Byte in bus (3 bits) |
hits S DIIS
|

| High Column | Bank (3 bits) | Low Col. Byte in bus (3 bits) |

8 DIts 3 bits



Virtual To Physical Address Mapping

s Operating System influences where an address maps to in DRAM

I Virtual Page number: (52 bits) I Page offset (12 bits) I VA

Physical Frame numbier (19 bits) Page offset (12 bits) PA

Bank (3 blts Column (11 blts) Byte in bus (3 bits) | PA

NP | ' ] | M Jose, 1] suwariatl
X Operatlng system can mfluence WhICh bank/channel/rank a virtual page is

mapped to.

¢ It can perform page coloring to

+» Minimize bank conflicts

* Minimize inter-application interference



DRAM Controller: Functions

¢ Ensure correct operation of DRAM

s Address mapping, refresh and timing
s Service DRAM requests while obeying timing constraints of DRAM chips

+» Constraints: resource conflicts (bank, bus, channel), minimum write-
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¢ Translate requests to DRAM command sequences
+» Buffer and schedule requests to improve performance

*» Reordering, row-buffer, bank, rank, bus management

* Manage power consumption and thermals in DRAM

s Turn on/off DRAM chips, manage power modes



<,
X

\/
0’0

\/
0‘0

DRAM Controller: Where to Place ?

In chipset

More flexibility to plug different DRAM types into the system
Less power density in the CPU chip
On CPU chip
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Reduced latency for main memory access
Higher bandwidth between cores and controller

More information can be communicated between CPU and controller



DRAM Controller Overview

DRAM memory controller

queue bank
cpu pool management
—— Bank O
cpu arbiter ————— Bank 1 > .
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DRAM Controller Logic

L2 Cache O L2 Cache N—1
To/From Cores Eequests Eequests

ﬂ ¢ ¢

‘E L Crossbar J
i R % _____________________________ %_ | Memory Request
f : : Buffer
& : BANK 0 BANK B—1 !
: REQUEST ST REQUEST |
— BUFFER BUFFER i
NPTEL Online Course : Advanced Computer Architecture : Dr. Jolhn Jose, |IT Guwahat

. i N [ Memory Access
z Bank O - - . Bank B—1 . Scheduler

= Scheduler Scheduler :

= . .

g R v

=T

% DRAMN Bus Scheduler

Selected Address and DEAM Command

DEAM Address/Command Bus

Y
To/From DRAM Banks To DRAM Banks



DRAM Scheduling Policies

s FCFS (first come first served)

¢ Oldest request first
** FR-FCFS (first ready, first come first served)

s Row-hit first and then Oldest first
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s maximize DRAM throughput

% Scheduling is done at the command level

% Column commands (read/write) prioritized over row commands
(activate/precharge)

/

* Within each group, older commands prioritized over younger ones



DRAM Scheduling Policies

% A scheduling policy is essentially a prioritization order
¢ Prioritization can be based on
** Request age
% Row buffer hit/miss status
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** Request mode (load miss or store miss)
** Requestor Type (CPU, DMA, GPU)
“* Request criticality
** How many instructions in core are dependent on it?

s Will it stall the processor?
¢ Interference caused to other cores



Row Buffer Management Policies

 Open row

/7

% Keep the row open after an access
% Next access might need the same row - row hit
% Next access might need a different row - row conflict, wasted energy
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»» Close the row after an access (if no other requests already in the request buffer
need the same row)

* Next access might need a different row = avoid a row conflict
% Next access might need the same row - extra activate latency

% Adaptive policies- Predict whether or not the next access to the bank will be to the
same row



Open vs Closed Row Policies

Policy First access Next access Commands needed for next
access

Open row Row 0O Row O (row hit) Read
Open row Row O Row 1 (row conflict) Precharge + Activate Row 1 +
Read
NPTEL Online Course : Advanced Computer Architecture : Dr. John Jose, [IT Guwahati
Closed row Row O Row O — access in request Read
buffer
(row hit)
Closed row Row O Row 0 — access not in Activate Row 0 + Read +

request buffer (row closed) Precharge

Closed row Row 0 Row 1 (row closed) Activate Row 1 + Read +
Precharge



DRAM Refresh

** DRAM capacitor charge leaks over time

s The memory controller needs to read each row periodically to restore the
charge

¢ Activate + precharge each row every Nms
NPT TYpicaliNi#64 ms{Refreshhinterval)yhitecture : Dr. John Jose, IIT Guwahat
¢ Implications on performance?

*+ DRAM bank unavailable while refreshed

¢ Long pause times: If we refresh all rows in burst, every 64ms the
DRAM will be unavailable until refresh ends



DRAM Refresh

s Burst refresh: All rows refreshed immediately after one another

+» Distributed refresh: Each row refreshed at a different time, at regular
intervals

¢ Distributed refresh eliminates long pause times
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