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ne one with the most blinking lights wins
ne one with the niftiest languages wins
ne more different the better!
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., Coherence defines a per-datum value
change order

. Memory model defines the value

change order for all the dat/a.
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$ if store causality T ”1” will be printed
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- Global order achieved by IOVAUBIDYIQJ all memory
accesses from different processes

© “Programmer’s intuition is maintained®
f Store causality? Yes
f Does Dekker work? Yes

- Unnecessarily restrictive ==> performance penalty
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f Store causality? No
f Does Dekker work? No
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., Have to consider both coherence and
memory models
., Two Implementation options

« Snoop-based
« Directory-based
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. A serialization point [°bus®] helps
coherence and memory ordering

. Upgrade is faster [producer/ consumer
and migratory sharing]

, Cache-to-cache is P_XFK faster [I.e.,
communication..]

. Synchronization, a combination of both

..but 1t 1s hard to scale the bandwidth/
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. P2P messages A& KLJK bandwidth
~ Sulits out-of-the-box coherence

-~ Note:

« Dir-based can be used to build a uniform-
memory architecture (UMA)

« Bandwidth will be great!!
« Memory latency will be OK
« Cache-to-cache latency will not!
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., 1988: 80MB/s A& 1997: 10GB/s
(w/64B CL)
« Split transactions
« Data crossbar
« Qut-of-order reply
« P2P implementation (rings and hierarchies)
« On-chip snoop tags
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Data Repeater

DataBW= 14.4 GB/s

Latency = 200-240ns m

SnoopBW=9.6 GB/s

Data Repeater
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Future improvements are possible

« Asynchronous snooping

« Larger cache lines (may result in false sharing / )
« Multi-facet (U. of Wisconsin)

“ 1/4

« 10-20x bandwidth is possible
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Memory latency = 200-340ns(??) (nUMA)
Cache-to-cache latency = 220-450ns(??) (NUCA)

Sum(L ocal BW) = 86 GB/s
Global BW =43 GB/s

Up to 104 CPU (trading for 1/0O)
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. Physical size of a box
« Elevators
« Door frames
« Cargo holds of airplanes

, Cooling
« %as many CPUs as you can cool in a box®
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Bring coherence outside of a box
© cc-NUMA, 3-10 times non-uniformity
* Has historically been popular
- SMP applications performance = ???
* Is there a market?

High-performance cluster interconn.
 Proprietary, expensive

* Message-passing

 Is replacing inter-box coherence (i.e., cc-NUMA)!
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~ Glueless coherence

« [Almost] no extra chips needed
« Limited scalability (4-8 CPUSs)

. Blades technology
Efficient packaging
. High-bandwidth cluster interconn.
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. Are we hitting the wall?
, Is atechnology shift happening?
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. Diminishing return on..
« pipeline stages
« parallel pipelines
. Smaller reach 1
« hard to add complexity, smaller caches
. Memory is often the bottleneck anyhow
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., Have you ever heard of parallel threads?

A Multiple “threads per CPU chip

Y2 SMT (Simultaneous Multi Threading)
Y2 CMP (Chip Multi Processor)
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Chip Multiprocessor (CMP): Mem
External Mem Simple fast CPU
|/F |/F local caches
L2$

$1 11 $1 || $1 1
CPU||CPU||CPU||CPU
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, Intel XEON: 2x SMT °hyperthreading®

., IBM Power4: 2x CMP

., Compaq EV8 (Alpha 21464): 2x SMT
, Sun: °real soon now?®

., HP: °real soon now?®

., |A64: Maybe 2005
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Old
Malnframes

Super Minis;

Microprocessor:

Chip Multiprocessor (CMP):
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., The box is the absolute limit!

, Heat I1s the enemy

, Parallelism Is another limitation

, Guess: < 64 CPUchips a’ 16-32 strands
. Approx: 1000 strands (» threads)

. OS scalability??

. Application scalability??

, Starting to look like rocket science -
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., CPUchip » SMP multiprocessor
. Multi-CPUchip » cc-NUMA

., NUCA (non-uniform communication
architecture) big time !!

, 1000 OpenMP threads, please!
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Cheap high-bandwidth, low-latency cluster
Interconnect will emerge
Infiniband (??)

« User-level non-coherent read/write/atomics to
remote memory

« User-level access to DMA engine
« Glgabytes of bandwidth
« Sub-microsecond latency

. Will replace inter-box cc-NUMA
. What about intra-box???
Good or bad news for OpenMP?
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« Now: too expensive! 90\ Vi [FH VH
DP RXQWRI +: JHW VSHHGXS'

« Soon: it's great! 6RP H+: ZIOEH XOXVHG
XQBIW \ RX SDID@d H [P SUIRYHP HOQW
"IRUIUHH LV JUWHDW
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. Locking primitives are needed to
ensure that only one process can be
In the critical section:

[ 2&. (| OCk_Vari abl e) /* wait for your turn */
sum : = nmy_sum + sum Critical Section
81/ 2&. (I OCk_Vari abl €) /* release the | ock*/

2 SHOO 3 %HZ DUH <HV \ RX KDYH
/ RW RI >lP SQFIV@W\ QFKURQL] DVIRQ
VRR
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., The shoe-sale’s model
., When the store opens the °war® starts

. TATAS: Test-and-(test-and-set)
[ATAS-EXP: TestExpBO-and(test-and-set)
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4 XHXH EDVHG / RFENV

. Only walit for the completion of your
predecessor before entering the CS

- Orders the contenders in a FIFO order

AEFairness
AEReduces Traffic

Examples: 0 &6 lock and &/ + lock
68
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. A Software Distributed Shared Memory (DSM)
Creates the illusion of coherent shared memory
Fine-grain coherence, Total Store Ordering (TSO)

Binary modification inserts necessary coherence
checks and [implicit] communication

Targeting °Infiniband® technology
Proof-of-concept: 30% slower than HW cc-NUMA

o6&

. Working on THROOM: A POSIX pthread runtime
system
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. Good

« Shared-memory is here to stay
« CMP/SMT will create new °customers®

« New cluster interconnects may be OpenMP-
friendly

- Bad

« Clusters will be part of high-end solutions
« Can OpenMP suit commercial apps?
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