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2 XWOLQH

„ Then
„ Now Å (60% )

„ Soon 
„ My stuff

' LVFODLP HU� � , �XVH�6XQ�DUFKLWHFWXUHV�LQ�VRP H�
H[ DP SOHV� �2 WKHUV�P DNH�JUHDW�P DFKLQHV�WRR«



7KHQ
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7KH�HUD�RI �WKH�´ 5 RFNHW�6 FLHQFH�
6 XSHUFRP SXWHUV´ �� � � � � � � � � �

„ The one with the m ost  blinking lights wins

„ The one with the nift iest  languages wins
„ The m ore different  the bet ter!
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5 RFNHW�VFLHQFH�
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7KH�VHUYHU�P DUNHW�� � � �

6HUYHU
6L] H

+ LJK�3 HUI�
&RP SXWLQJ

&RP P HUFLDO
&RP SXWLQJ

� � � � N 1% 19%

� � � � N 5% 25%

� � � � � N 5% 24%

� � � 0 2% 9%

! � � 0 3% 8%

The target of the rocket sciencesupercomputers

UNI X
shared-

m em
servers
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, V�2 SHQ0 3 �P DNLQJ �WKH�VDP H�P LVWDNH"

6HUYHU
6L] H

+ LJK�3 HUI�
&RP SXWLQJ

&RP P HUFLDO
&RP SXWLQJ

� � � � N 1% 19%

� � � � N 5% 25%

� � � � � N 5% 24%

� � � 0 2% 9%

! � � 0 3% 8%

,V�2 SHQ0 3�DFWLYHKHUH" "

+ RZ �GR
\ RX�J HW
KHUH"
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7KH�6 KDUHG�0 HP RU\ �0 RGHO
� SLFNHG�E\ �WKH�FRP P HUFLDO�P DUNHW�

7KUHDG7KUHDG7KUHDG7KUHDG7KUHDG7KUHDG7KUHDG7KUHDG

6KDUHG�0 HP RU\



1 RZ
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&DFKHV�
$ XWRP DWLF�5 HSOLFDWLRQ�RI � ' DWD

6KDUHG�0 HP RU\

7KUHDG

�

7KUHDG

�

7KUHDG

�

5 HDG�$

5 HDG�$

«

«

5 HDG�$

$ �

���

5 HDG�$

«

%�

5 HDG�%

«

5 HDG�$
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7KH�&DFKH�&RKHUHQW�´ 8 SJ UDGH´

6KDUHG�0 HP RU\

7KUHDG

�

7KUHDG

�

7KUHDG

�

5 HDG�$

5 HDG�$

«

«

$ �

���

5 HDG�$

«

: ULWH�$

%�

5 HDG�%

«

5 HDG�$

,1 9 ,1 9
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&RKHUHQW�FDFKH� WR� FDFKH�WUDQVI HU

6KDUHG�0 HP RU\

7KUHDG

�

7KUHDG

�

7KUHDG

�

5 HDG�$

5 HDG�$

«

«

5 HDG�$

$ �

���

5 HDG�$

«

: ULWH�$

%�

5 HDG�%

«

5 HDG�$
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&RKHUHQW�FDFKH� WR� FDFKH�WUDQVI HU

6KDUHG�0 HP RU\

7KUHDG

�

7KUHDG

�

7KUHDG

�

5 HDG�$

5 HDG�$

«

«

5 HDG�$

$ �

���

5 HDG�$

«

: ULWH�$

%�

5 HDG�%

«

5 HDG�$

2 SHQ0 3 %HZ DUH� < HV� �\ RX KDYH
>LP SOLFLW@FRP P XQLFDWLRQ� Z KLFK�
FDQ EH P RUH�H[ SHQVLYH�WKDQ
>H[ SOLFLW@�0 3 , FRP P XQLFDWLRQ�

2 SHQ0 3 %HZ DUH� < HV� �\ RX KDYH
>LP SOLFLW@FRP P XQLFDWLRQ� Z KLFK�
FDQ EH P RUH�H[ SHQVLYH�WKDQ
>H[ SOLFLW@�0 3 , FRP P XQLFDWLRQ�
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6 XP P LQJ �XS�&RKHUHQFH

7KHUH�FDQ�EH�P DQ\ �FRSLHV�RI�D�
GDWXP � �EXW�RQO\ �RQH�YDOXH

7KHUH LV�D VLQJOH JOREDO�RUGHU�RI
YDOXH�FKDQJHV WR HDFK GDWXP

7RR VWURQJ

GHILQLWLRQ�
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4 � What  
value will

get printed?

0 HP RU\ �2 UGHULQJ
„ Coherence defines a per-datum  value 

change order
„ Mem ory m odel defines the value 

change order for all the data. 

«

$ � �

«

«

���

: KLOH��$   � � �^̀

%�� ��

5 HDG�$

« �

«

«

: KLOH��%  � ��^̀

3ULQW�$

,QLWLDOO\ $ � �%� ��

$ � if store causality Î ”1” will be printed
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' RHV�WKH�Z ULWH
EHFRP H�JOREDOO\
YLVLEOH
EHIRUH�
WKH�UHDG�LV�
SHUIRUP HG"

' HNNHU¶V�$ OJ RULWKP

$ �� ��

LI��%  �� � �SULQW�³ $ �Z RQ́ �

%�� ��

LI��$ �  �� � ��SULQW�³ %�Z RQ́ �

,QLWLDOO\ $ � �%� ��

³ IRUŃ

4 ��,V�LW�SRVVLEOH�WKDW�ERWK�$ �DQG�%�Z LQV"

,W�GHSHQGV�RQ�WKH�P HP RU\ �P RGHO�HG�$ � ,I JOREDO�RUGHUEHWZ HHQDOO�P HP DFFHVVHV Æ QR
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6 HTXHQWLDO�&RQVLVWHQF\

“ Global order achieved by LQWHUOHDYLQJ all m em ory 
accesses from  different  processes

“ “Program m er’s intuit ion is m aintainedº
ƒ Store causality? Yes

ƒ Does Dekker work? Yes

“ Unnecessarily rest r ict ive = = >  perform ance penalty

7KUHDG7KUHDG7KUHDG7KUHDG7KUHDG7KUHDG7 7KUHDG

6KDUHG�0 HP RU\

ORDGV��VWRUHV

6KDUHG�0 HP RU\



�
� �

�

�

�

�
�

�

�
�

	


�

�

��

�

� 


�
� �

�

��

�

�

� � ���

�

�
�

� �

�

��

�
�

�

��

�

 � �

�

�

�

� �

�

� � ���

�

� 
 �
�

� �

�

��

�
�

�

�18

EWOMP
2002
Rom a

: HDN� UHOHDVH�&RQVLVWHQF\

“ 0 RVW�DFFHVVHV�DUH�XQRUGHUHG
“ ³ 3 URJ UDP P HU¶V�LQWXLWLRQ�LV�QRW�P DLQWDLQHG´

ƒ Store causality? No
ƒ Does Dekker work? No

“ * OREDO�RUGHU�RQO\ HVWDEOLVKHG�Z KHQ�WKH�
SURJ UDP P HU�H[ SOLFLWO\ �LQVHUWV�P HP RU\ �EDUULHU�
LQVWUXFWLRQV�

“ %HWWHU�SHUI RUP DQFH� �
“ , QWHUHVWLQJ �EXJ V� �

7KUHDG7KUHDG7KUHDG7KUHDG

6KDUHG�0 HP RU\

ORDGV
VWRUHV
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, P SOHP HQWDWLRQ�RSWLRQV�I RU�
FRKHUHQFH�DQG P HP RU\ �P RGHOV

„ Have to consider both coherence and 
m em ory m odels 

„ Two implem entat ion opt ions
“ Snoop-based
“ Directory-based
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6KDUHG�0 HP RU\

6 QRRS� EDVHG�3 URWRFRO�, P SOHP HQWDWLRQ

$ �WDJ 6WDWH ' DWD

&38 �DFFHVV

%8 6 VQRRS

&38

´ %8 6´

&DFKH

%XV
WUDQVDFWLRQ
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6KDUHG�0 HP RU\

0 RGHUQ�VQRRS� EDVHG�DUFKLWHFWXUH

%8 6 VQRRS

&38

%8 6

$ �WDJ 6WDWH ' DWD

&DFKH

%XV
WUDQVDFWLRQ

$ �WDJ 6WDWH
6QRRS 7DJ
(possibly time-sliced access 

to cache tags)

&
DFK

H
DFFHVV
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' LUHFWRU\ � EDVHG�VQRRSLQJ � �
SHU� &DFKH/ LQH�LQI R�LQ�WKH�P HP RU\

7KUHDG

�

7KUHDG

�

7KUHDG

�

$ � %�

&DFKHDFFHVV &DFKH�DFFHVV &DFKH�DFFHVV

' LUHFWRU\ �3URWRFRO

Who has 
a copy

Who has 
a copy

S
ta

te

S
ta

te

S
ta

te
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´ 8 SJ UDGH´ �LQ�GLU� EDVHG

7KUHDG

�

7KUHDG

�

7KUHDG

�

5 HDG�$

5 HDG�$

«

«

$ �

���

5 HDG�$

«

: ULWH�$

%�

5 HDG�%

«

5 HDG�$

,1 9 ,1 9

Who has 
a copy

Who has 
a copy

I NV

$ &. $ &.

$ &.
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´ 8 SJ UDGH´ �LQ�VQRRS� EDVHG

7KUHDG

�

7KUHDG

�

7KUHDG

�

5 HDG�$

5 HDG�$

«

«

$ �

���

5 HDG�$

«

: ULWH�$

%�

5 HDG�%

«

5 HDG�$

%XV, 1 9

+ DYH�WR�
, 1 9

+ DYH�WR�
, 1 9

0 \
, 1 9
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5 HDG�$

5 HDG�$

«

«

5 HDG�$

&DFKH� WR� FDFKH�LQ�GLU� EDVHG

7KUHDG

�

7KUHDG

�

7KUHDG

�

$ �

���

5 HDG�$

«

: ULWH�$

%�

5 HDG�%

«

5 HDG�$

) RUZ DUG

5 HDG5 HTXHVW

Who has 
a copy

Who has 
a copy

5 HDG' HP DQG

$ FN
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&DFKH� WR� FDFKH�LQ�VQRRS� EDVHG

7KUHDG

�

7KUHDG

�

7KUHDG

�

$ �

���

5 HDG�$

«

: ULWH�$

%�

5 HDG�%

«

5 HDG�$

%XV5 76

0 \ �5 76
Æ Z DLW
I RU�GDWD

* RWWD
DQVZ HU

5 HDG�$

5 HDG�$

«

«

5 HDG�$
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: K\ �VQRRS"

„ A serializat ion point  [ ºbusº]  helps 
coherence and m em ory ordering

„ Upgrade is faster [ producer/  consum er 
and m igratory sharing]

„ Cache- to-cache is P XFK faster [ i.e., 
com municat ion…]  

„ Synchronizat ion, a com binat ion of both
„ …but  it  is hard to scale the bandwidth/
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: K\ �GLUHFWRU\ � EDVHG

„ P2P m essages Æ KLJ K bandwidth
„ Suits out -of- the-box coherence
„ Note:

“ Dir-based can be used to build a uniform -
m em ory architecture (UMA)

“ Bandwidth will be great ! !
“ Mem ory latency will be OK

“ Cache- to-cache latency will not !
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+ RZ �WR�VFDOH�VQRRS�%:
„ 1988:  80MB/ s   Æ 1997:  10GB/ s 

(w/ 64B CL)
“ Split  t ransact ions

“ Data crossbar
“ Out -of-order reply

“ P2P im plem entat ion ( r ings and hierarchies)
“ On-chip snoop tags
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&38� &38 �D
C
D
S

M
E
M

M
E
M

&38� &38 �D
C
D
S

M
E
M

M
E
M

Data Repeater

Addr. Rep.

CPU
board

Addr. Rep.

Data Repeater

Latency = 200-240ns
DataBW= 14.4 GB/s
SnoopBW=9.6 GB/s

) LUH3 ODQH� �� � �&3 8 V

DR DR DRDRDR
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) XUWKHU�VQRRS�LP SURYHP HQWV

„ Future  im provem ents are possible
“ Asynchronous snooping
“ Larger cache lines (m ay result  in false sharing / )
“ Mult i- facet  (U. of Wisconsin)
“ ¼
“ 10-20x bandwidth is possible
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1 8 0 $ � � WKH�QHFHVVDU\ �HYLO
� 1 RQ� 8 QLI RUP 0 HP RU\ $ UFKLWHFWXUH�

CPU

Mem

$

Switch

CPU

$

CPU

$

CPU

$

I / F

CPU

Mem

$

Switch

CPU

$

CPU

$

CPU

$

I / F

¼

Switch

6 DP H�ORJ LF 6 : �YLHZ � �2 QH�6 KDUHG�0 HP RU\
1 RQ� XQLI RUP �DFFHVV�WR�WKH�VKDUHG�P HP RU\

6 QRRS
� P D\ �DOVR
EH�GLU« �

' LU�
%DVHG�
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StarCat
Sun Fire 15k
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6 WDU&DW��� � � �&3 8 V�

&38� &38 �D
C
D
S

M
E
M

M
E
M

&38� &38 �D
C
D
S

M
E
M

M
E
M

Data Repeater

Addr. Rep.
CPU
board

Glob-coh Data Rep.Dir$Expander
board

18x18 addr X-bar 18x18 addr X-bar
Active 
Backplane

Total
18 slots

Repeater  Snoop 
Coherence

P2P Dir  
Coherence
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6 WDU&DW�3 HUI RUP DQFH

Memory latency = 200-340ns(??)  (nUMA)
Cache-to-cache latency = 220-450ns(??) (NUCA)

Sum(Local BW) = 86 GB/s 
Global BW = 43 GB/s

Up to 104 CPU (trading for  I /O)
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: KDW�LV�WKH�OLP LW�WR�VFDOLQJ " �

„ Physical size of a box
“ Elevators

“ Door fram es
“ Cargo holds of airplanes

„ Cooling
“ ºas m any CPUs as you can cool in a boxº



�
 !

"
#

$
%

&

$

#

'

()

"

*

# &

+

 ,

-

&#

.

# /
0

1

2 2 2�3

*

"
3

4 4

3

5 

6
7

'

*8

9
) /  

'

5

"

 &

1

2 2 2�3

:

# , 5
3

4 4

3

5 

;
<

 

-37

EWOMP
2002
Rom a

, QWHU� ER[ �FRP P XQLFDWLRQ"

„ Bring coherence outside of a box
“ cc-NUMA, 3-10 t im es non-uniform ity
“ Has histor ically been popular
“ SMP applicat ions perform ance = ???
“ I s there a m arket?

„ High-perform ance cluster interconn.
“ Proprietary, expensive
“ Message-passing
“ I s replacing inter-box coherence ( i.e., cc-NUMA) !
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%HRZ XOI �
$ �EXQFK�RI �3 &V� : 6 V� 6 HUYHUV�´ QHWZ RUNHG´ �WRJ HWKHU

CPU

Mem

$

Switch

CPU

$

CPU

$

CPU

$

I / F

CPU

Mem

$

Switch

CPU

$

CPU

$

CPU

$

I / F

¼

I nterconnect

• 1 R�J OREDOFDFKH�FRKHUHQFH
• ( [ SOLFLWP HVVDJ H� SDVVLQJ �FRP P XQLFDWLRQ
• 0 XFK�ORZ HU�EDQGZ LGWK�WKDQ ´ FF� 1 8 0 $ ´
• 0 XFK�� � � � �FKHDSHU
• + DUG�WR�LP SOHP HQW�HI I LFLHQW6 : � ' 6 0
• 8 VHG�P RVWO\ I RU�+ 3 &�WKURXJ KSXWDSSOLFDWLRQV
• , QFUHDVHG LQWHUHVW�I URP �WKH�FRP P HUFLDO�Z RUOG
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$ �QHZ �FURVV� EUHHG

„ Glueless coherence
“ [ Alm ost ]  no ext ra chips needed

“ Lim ited scalabilit y (4-8 CPUs)

„ Blades technology
“ Efficient  packaging

„ High-bandwidth cluster interconn.
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4 XHVWLRQV�
„ Are we hit t ing the wall?
„ I s a technology shift  happening?

³ 7KH�I XWXUH�LVQ¶W�Z KDW�LW�XVHG�WR�EH´ �
>$ �&� �&ODUNH@
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7HFKQRORJ \ �³ , P SURYHP HQWV´

2000 2005 2010 2015 Year

4 XDQWLWDWLYH�GDWD�DQG�WUHQGV�DFFRUGLQJ�WR�9��$JDUZDO�HW�DO���,6&$�� � � �

 � �6,$ � ��6HP LFRQGXFWRU�,QGXVWU\ �$ VVRFLDWLRQ��SUHGLFWLRQ��� � � �

Wire delay 5mm trace (RC model)

390ps

170ps

830 ps
(1.2GHz)

70 ps (14 GHz)

C
lock cycle tim

e, SIA
*)

tim
e
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7HFKQRORJ \ �³ , P SURYHP HQWV´

2000 2005 2010 2015 Year

16 0.7GHz 5GHz

8 1.9GHz 10GHz

# Gate Delays/Clock Period

SIA prediction, 1999

1.2GHz

14GHz

Clock

N

10

5
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7HFKQRORJ \ �³ , P SURYHP HQWV´

2000 2005 2010 2015 Year

Span (bits reachable in one cycle)
[M bits, log scale]

FORFN � � �JDWH�GHOD\ V

FORFN � ��JDWH�GHOD\ V

6,$10

100



�
 !

"
#

$
%

&

$

#

'

()

"

*

# &

+

 ,

-

&#

.

# /
0

1

2 2 2�3

*

"
3

4 4

3

5 

6
7

'

*8

9
) /  

'

5

"

 &

1

2 2 2�3

:

# , 5
3

4 4

3

5 

;
<

 

-45

EWOMP
2002
Rom a

7HFKQRORJ \ �³ , P SURYHP HQWV´

2000 2005 2010 2015
.25          .18             .13              .10           .070           .050          .0035                            Feature size(micron)

Year

Span (Fraction of the chip area reachable in one cycle)

6,$

� ��

� �� �

� �� �

� �� �

&ORFN � � JDWHGHOD\ V

&ORFN � JDWHGHOD\ V

100%

0.4 - 1.4 %
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&DQ�Z H�FRQWLQXH�WR�P DNH�ODUJ H�DQG�
FRP SOLFDWHG�&3 8 " «

„ Dim inishing return on..

“ pipeline stages
“ parallel pipelines

„ Sm aller reach Î
“ hard to add com plexity, sm aller caches

„ Mem ory is often the bot t leneck anyhow
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7HFKQRORJ \ �³ , P SURYHP HQWV´

2000 2005 2010 2015 Year

Relative Performance
[log scale]

+ LVWR
ULF

DO�UD
WH�

�� � � ��\

1000

100

10

1

%XVLQHVV�DV�XVXDO��6DP H�DUFK�� ��a

=� � � ��\
6.0 - 7.4 x

1720 x
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&3 8 �) XWXUH� �WKHUH�LV�KRSH

„ Have you ever heard of parallel threads?
Æ Mult iple “ threads per CPU chip

¼ SMT (Sim ultaneous Mult i Threading)
¼ CMP (Chip Mult i Processor)
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6 XSHUVFDODUV

Mem

I R

Regs

B M M W

I R B M M W

I R B M M W

I R B M M W

I

I

I

I

I ssue
logic

£

¼

SEK

150cycles

30 cycles

10 cycles

2 cycles

1GB

2MB

64kB

2kB

Thread 1

¼PC
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9 / , : � �9 HU\ �/ RQJ �, QVWUXFWLRQ�: RUG

Mem

I R

Regs

B M M W

I R B M M W

I R B M M W

I R B M M W

I

I

I

I

£

¼

SEK

1GB

2MB

64kB

2kB

¼
PC
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6 0 7 � �6 LP XOWDQHRXV�0 XOWLWKUHDGLQJ

Mem

I R

Regs 1 ¼

B M M W

I R B M M W

I R B M M W

I R B M M W

I

I

I

I

I ssue
logic

£

¼

SEK

1GB

2MB

64kB

2kB

Thread 1

Thread N

¼

PC

PC

Regs N
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&0 3 � �&KLS�0 XOWLSURFHVVRU

Mem

I R

Regs

B M M W

I R B M M W

I R B M M W

I R B M M W

I

I

I

I
I ssue
logic

£

¼

SEK

Thread 1

Thread N

¼

PC

PC Regs
SEK

I ssue
logic
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&0 3 � �&KLS�0 XOWLSURFHVVRU

MemChip Multiprocessor (CMP):

CPU

$1

CPU

$1

CPU

$1

CPU

$1

L2$

Mem 
I/F

External
I/F

Wtreads

Simple fast CPU
local caches
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7KH�I XWXUH�LV�KHUH�WRGD\ �

„ I ntel XEON:  2x SMT ºhyperthreadingº

„ I BM Power4:  2x CMP 
„ Com paq EV8 (Alpha 21464) :  2x SMT
„ Sun:  ºreal soon nowº 
„ HP:  ºreal soon nowº
„ I A64:  Maybe 2005
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7KH�&RP SXWHU�6 KUXQN�$ J DLQ�

Old 
Mainframes

Super Minis:

Microprocessor: Mem

Chip Multiprocessor (CMP): Mem
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0 XOWL� &0 3 �0 XOWLSURFHVVRU

Mem

F�
�c

hi
ps

Mem

Mem

Mem

Mem

Mem

Mem

Mem

In
te

rc
on

ne
ct

3 LUDKQD�� , 6 &$ �� � � � � �
TXRWHV D�� � [ �1 8 &$ QHVV
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+ RZ �P DQ\ �&3 8 FKLSV�LQ�
KDUGZ DUH�VKDUHG� P HP "

„ The box is the absolute lim it !
„ Heat  is the enem y
„ Parallelism  is another lim itat ion
„ Guess:  <  64 CPUchips a’ 16-32 st rands
„ Approx:  1000 st rands (» threads)
„ OS scalabilit y??
„ Applicat ion scalabilit y??
„ Start ing to look like rocket  science -
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6 HUYHU�) XWXUH�

„ CPUchip » SMP mult iprocessor
„ Mult i-CPUchip » cc-NUMA
„ NUCA (non-uniform  comm unicat ion 

architecture)  big t im e ! !
„ 1000 OpenMP threads, please!
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&OXVWHU�I XWXUH
„ Cheap high-bandwidth, low- latency cluster 

interconnect  will em erge
„ I nfiniband (??)  

“ User- level non-coherent  read/ write/ atom ics to 
rem ote m em ory

“ User- level access to DMA engine
“ Gigabytes of bandwidth 
“ Sub-m icrosecond latency

„ Will replace inter-box cc-NUMA
„ What  about  int ra-box???
„ Good or bad news for OpenMP?
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/ RZ � HQG� �$ XWR�3 DUDOOHOL] DWLRQ

“ Now:  too expensive!  º%X\ �WZ LFH�WKH�
DP RXQW�RI�+ : � �JHW�� � � �VSHHGXS´

“ Soon:  it ’s great !  ´6RP H�+ : �Z LOO�EH�XQXVHG�
XQOHVV�\ RX�SDUDOOHOL] H� � � � � �LP SURYHP HQW�
´ IRU�IUHH́ �LV�JUHDW�
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6 XQ�: LOG) LUH� �� � D�6 LP SOH�
&2 0 $ �%XLOW�) URP �6 0 3 V

OS

$
P

Interconnect

$
P

...

Memory I/F

$
P

Interconnect

$
P

...

Memory I/F

Interconnect

28x

4x
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: LOG) LUH� �2 QH�6 RODULV�VSDQQLQJ �
I RXU�QRGHV
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6 HOI � RSWLP L] LQJ �) HDWXUHV

$
P

Interconnect

$
P

...

I/F

$
P

Interconnect

$
P

...

I/F

Interconnect

+ LHUDUFKLFDO�$ IILQLW\ �6FKHGXOHU

&RKHUHQW�0 HP RU\ �5 HSOLFDWLRQ
$ GDSWLYH�5 HSOLFDWLRQ�0 LJUDWLRQ
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6 XQ�: LOG) LUH� �/ RRNV�/ LNH�D�
1 8 0 $ � � ' ULYHV�/ LNH�DQ�6 0 3

+ 3&$ � � +DJHUVWHQ�. RVWHU
6&� � � � ��1RRUGHUJUDDI �YDQ�GHU�3DV
( : 2 0 3�� � %XOO�-RKQVVRQ
&RP SXWHU�$ UFKLWHFWXUH��D�4 XDQWLWDWLYH$ SSURDFK� � UG�HG�+ HQQHVVH\ �3DWWHUVVRQ

$
P

$
P...

$
P

$
P...

� �
•SMP

•OLTP Perf: � ��

Memory

$
P

$
P...

$
P

$
P...

�

Interconnect�

$
P

$
P...

$
P

$
P...

�
•Sun WildFire 

•Hier Aff. + Mem. Repl

•OLTP Perf: � �� �

Interconnect�

•Skinny NUMA

•OLTP Perf: � �� �
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6 \ QFKURQL] DWLRQ

„ Locking pr im it ives are needed to 
ensure that  only one process can be 
in the cr it ical sect ion:  

Critical Section
/ 2&. ( l ock_var i abl e)  / *  wai t  f or  your  t ur n * /

sum : = my_sum + sum
81/ 2&. ( l ock_var i abl e)  / *  r el ease t he l ock* /

2 SHQ0 3 �%HZ DUH� �< HV� �\ RX�KDYH�
/ RWV�RI �>LP SOLFLW@�V\ QFKURQL] DWLRQ
WRR�

2 SHQ0 3 �%HZ DUH� �< HV� �\ RX�KDYH�
/ RWV�RI �>LP SOLFLW@�V\ QFKURQL] DWLRQ
WRR�
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7UDG� �ORFN�LP SOHP HQWDWLRQ

„ The shoe-sale’s model
„ When the store opens the ºwarº starts

„ TATAS:  Test -and- ( test -and-set )

„ TATAS-EXP:  TestExpBO-and( test -and-set )
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4 XHXH� EDVHG�/ RFNV

„ Only wait  for the com plet ion of your 
predecessor before entering the CS
( i.e., enter the shoe store one by one)

„ Orders the contenders in a FI FO order

ÆFairness

ÆReduces Traffic

Exam ples:  0 &6 lock and &/ + lock
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1 8 0 $ �

CPU

Mem

$

Switch

CPU

$

CPU

$

CPU

$

I / F

CPU

Mem

$

Switch

CPU

$

CPU

$

CPU

$

I / F

¼

Switch

6 QRRS

' LUHFWRU\ �
%DVHG� � � [ �VQRRS
L�H� � �URXJ KO\ �&0 3 � 6 0 7
1 8 &$ � QHVV

: )

1 8 &$ �
1 RQ� XQLI RUP �
&RP P �$ UFK�
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7UDG��FKDUW�RYHU�ORFN�SHUI RUP DQFH
RQ�D�KLHUDUFKLFDO�1 8 0 $
� URXQG�URELQ�VFKHGXOLQJ �
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, QWURGXFLQJ �5 + �´ VSLQ´ �ORFNV
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5 + �ORFNV� � �( I I LFLHQW�ORFNV�I RU�1 8 &$
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5 + �ORFNV� �HQFRXUDJ HV�XQI DLUQHVV�

0

10

20

30

40

50

60

70

80

90

100

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
3URFHVVRUV

1
R

G
H�

K
DQ

G
R

II
V�

>�
@

TATAS

TATAS_EXP

MCS

CLH

RH

0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

0,40

0,45

0,50

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
3URFHVVRUV

7
LP

H�
3

UR
FH

VV
R

UV
�>

VH
FR

Q
G

V@

TATAS
TATAS_EXP
MCS
CLH
RH



\
] ^

_
`

a
b

c

a

`

d

ef

_

g

` c

h

]i

j

c`

k

` l
m

n

o o o�p

g

_
p

q q

p

r]

s
t

d

gu

v
f l ]

d

r

_

] c

n

o o o�p

w

` i r
p

q q

p

r]

x
y

]

j74

EWOMP
2002
Rom a

( [ � �6 SODVK�5 D\ WUDFH�6 SHHGXS
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3 HUI RUP DQFH�XQGHU�FRQWHQWLRQ
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$ �) DVW�' 6 0 � � ' 6 =2 2 0
� � WXUQV�D�%HRZ XOI �LQWR�D�FF� 1 8 0 $

„ A Software Dist r ibuted Shared Mem ory (DSM)  
„ Creates the illusion of coherent  shared m em ory
„ Fine-grain coherence, Total Store Ordering (TSO)
„ Binary m odificat ion inserts necessary coherence 

checks and [ im plicit ]  com m unicat ion
„ Target ing ºI nfinibandº technology
„ Proof-of-concept :  30%  slower than HW cc-NUMA

„ Working on THROOM:  A POSI X pthread runt im e 
system

6 &� � � �
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2 SHQ0 3 �J RRG� EDG�QHZ V

„ Good
“ Shared-m em ory is here to stay

“ CMP/ SMT will create new ºcustom ersº
“ New cluster interconnects m ay be OpenMP-

fr iendly

„ Bad
“ Clusters will be part  of high-end solut ions

“ Can OpenMP suit  com m ercial apps?


