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Web 2.0 and Cloud Challenges

Unmanageable Data Growth

ÁWeb traffic 

ÁWeb transactions

ÁUser interaction response time
Web Traffic
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Response Time

Database Size

Data Complexity

ÁToo much data to process effectively

ÁRequires extensive data partitioning, 
application level mapping, caching, 
replication/recovery, load balancing

ÁCommodity, non-application-specific 
hardware difficult to use and manage

Rack, Power, and Pipe Usage

ÁIncreasing power costs

ÁLimited datacenter rack space

ÁInefficient, underutilized hardware 
means wasted energy
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http://www.internetworldstats.com/stats.htm
http://www.internetworldstats.com/stats.htm
http://www.scribd.com/doc/2683604/Internet-trends-2008
http://www.scribd.com/doc/2683604/Internet-trends-2008
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Computing Trends and New Technologies

Four transformational technologies:

ÁMulti-core processors

ÁState-of-the-art, enterprise-class flash memory

ÁLow-latency interconnects

ÁOptimized data access and caching applications
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Multi-Core Processors

Benefits:

ÁHigh computational density (4-8 cores/chip)

ÁHigh speed data access (on-chip caches)

ÁHigh thread-level throughput 

ÁMulti-chip coherency

ÁStandard and commodity products

Challenges:

ÁRequires extensive optimization to exploit, including:

īHigh thread level parallelism in software

īGranular concurrency control

īMemory affinity to a core

īThread affinity to a core
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Leading-Edge Example: IntelÈ CoreÊ i7  

Á Announced April 1, 2009 

Á 4 cores/chip, 8 simultaneous threads/chip

Á 32kB  L1, 512 kB L2, shared inclusive 8MMB L3 cache

Á Fast switching, low power 45nm high-k metal gate silicon

Á Multi-chip shared memory coherency with point-to-point memory 
interconnects (4 x memory bandwidth)

Á Commodity and standard
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Enterprise-Class Flash Memory  

Compared to HDD:

Á100x faster 

ÁMore reliable

Compared to DRAM:

ÁConsume 1/100th power of DRAM

ÁMuch higher densityŸcapacity

ÁCheaper than DRAM 

ÁPersistent when written 

Can be organized into modules of different 
capacities, form factors, physical and 
programmatic interfaces 
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Flash Memory Challenges

Write access is different from read access behavior

Writes done in large blocks (~128 kB) 

ÁSmall writes need to be buffered and combined into 
large blocks before writing (write coalescing)

Before writing, region must be erased 

ÁNeed background garbage collection to create free 
regions for writing

Limits on how many times erased (~100k) 

ÁWrites must be spread uniformly across  total flash 
memory subsystem to maximize effective lifetime 
(wear levelling)
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All Flash Memory Is Not the Same

  Read B/W Write B/W Erase Lat. Read Lat. Cost per GB 

HDD 100 mb/s 150.00 mb/s  5,000.00 us $0.10 

NAND MLC 250 mb/s 70.00 mb/s 3.5 ms 85.00 us $3.50 

NAND SLC 250 mb/s 170.00 mb/s 1.5 ms 75.00 us $11.00 

NOR SLC 58 mb/s 0.13 mb/s 5,000.00 ms 0.27 us $70.00 

DRAM 2,000 mb/s 2,000.00 mb/s  0.08 us $75.00 
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NOR vs. NAND Comparison

NOR flash memory chips:

ÁLow density  

ÁLong  write and erase latencies 

ÁHigh cost

ÁMinimal technology investment by tier 1 memory suppliers 

ÁUsed primarily in consumer devices

NAND flash memory chips:

ÁLeading SSDs all designed with NAND flash

Á2-8x capacity of equivalent-sized NOR chips

Á5x bandwidth for large reads, 100x write bandwidth 

Á1/7th the cost of NOR
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Flash: SLC vs. MLC Comparison 

ÁMLC increases density by storing more than a 
single bit per memory cell

ÁMLC costs less than SLC

ÁMLC write bandwidth and erase latency ~2.5 
times slower than SLC

ÁMLC has significantly lower lifetime than SLC

ÁSLC dominant in enterprise flash usage
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Innodb - DBT2

8 Drives

64 GB/drive

45,000 TPM

750 NewOrders/Second

15 Buffer writes/NewOrder

4096 Bytes/page

11250 Writes/Sec per node

1406 Writes/Sec per drive

5.5 MB/Sec/drive

11930 seconds to rewrite drive

3.3 hours to rewrite drive

3.8 Write amplification

0.9 Page reprogram hours

87211 Hours lifetime

10.0 Years lifetime

Memcache

8 Drives

64 GB/drive

240,000 req/Sec

10% SET fraction

2048 Bytes/object

24000 SET/Sec per node

3000 Writes/Sec per drive

5.9 MB/Sec/drive

11185 seconds to rewrite drive

3.1 hours to rewrite drive

3.8 Write amplification

0.8 page reprogram hours

81760 Hours lifetime

9.3 Years lifetime

Wear Levelling: Typical Flash Lifetimes
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Flash Form Factor/Interface: 

SSDs vs. PCIe Cards 

ÁFlash memory can be installed using SSD or PCIe cards

ÁPCIe flash cards use lots of server  processor cycles and 
memory for garbage collection, write coalescing, wear 
leveling, mapping:

ƄSSDs have ASICs+memory that perform these functions efficiently 
close to the flash, freeing server processor cores and memory for 
productive use

ÁSSDs provide higher degree of parallelism, balance, and 
maintainability over PCIe flash  cards:

ïConfigurations can be adjusted to match workload capacity, 
bandwidth, latency requirements 

ïServers can be provisioned with higher capacity than PCIe flash 
memory subsystems

ïEasier to replace SSDs than PCIe cards
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The Intel® X25-E Extreme SSD

ÁLeading-edge example of flash
technology

Á64 GB 2.5ò SATA SSD

Á10 parallel channels accessing
SLC NAND flash memory

ÁNative command queuing for
up to 32 concurrent operations

ÁEach device delivers 55k of IOPS at 75 us read latency with 
write buffering for virtually instantaneous writes

ÁOn-board ASIC provides write coalescing, wear levelling, 
space management


