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Last	  Time	  

•  Trends	  in	  Power	  
•  Trends	  in	  IC	  Cost	  
– Non-‐recurring	  expenses	  (NREs)	  
– Recurring	  expenses	  
•  Manufacturing	  

•  Tes:ng	  
•  Losses	  
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Today	  

•  Trends	  in	  Dependability	  
•  Quan:ta:ve	  Principles	  of	  Computer	  Design	  

•  Looking	  ahead	  …	  
– On	  Friday,	  Pipelining	  
•  Read	  Appendix	  A!	  

– Homework	  1	  due	  Monday	  
•  OH	  Today:	  2-‐3	  PM,	  Thursday:	  11	  AM-‐12	  PM	  
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IC	  Scaling	  and	  Resilience	  
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[Sources:	  Borkar,	  2003;	  Bowman,	  2005;	  
Baumann,	  2005;	  Borkar,	  2005]	  

Power	   Variability	  

Reliability	  

around the target Vt. In the future (the dashed
line), for nanometer-scale technologies, fewer
transistors will actually approach the target
Vt, and this distribution will flatten out. These
variations in the transistors could become
severe enough that it would be impossible to
correct for them during design—you might
have to somehow compensate for them at the
level of the entire system.

Single event upsets (soft errors) are anoth-
er source of concern. These errors are caused
by alpha particles and, more importantly, cos-
mic rays (neutrons) hitting silicon chips, cre-
ating charge on the nodes that flips a memory
cell or a logic latch. These errors are transient
and random. It is relatively easy to detect these
errors in memories by protecting them with
parity checking, and correcting these errors in
memory is also relatively straightforward using
error correcting code. However, if such a sin-
gle-event upset occurs in a logic flip-flop, then
it is difficult to detect and correct.

Researchers expect about an 8 percent
increase in soft-error rate per logic state bit
each technology generation.7 Because the
number of logic state bits on a chip double
each technology generation (following
Moore’s law), the aggregate effect on soft-error
rate failure in time of a chip is shown in Fig-
ure 5. Notice that by the 16-nm generation,
the failure rate will be almost 100 times that
at 180 nm.

Aging has had significant impact on tran-
sistor performance. Studies have shown that a
transistor’s saturation current degrades over
years because of oxide wear out and hot-car-
rier degradation effects, as Figure 6 shows. So
far, the degradation is small enough to
account for as an upfront design margin in
the VLSI component’s specification.
Researchers expect this degradation to become
worse as we continue to scale transistor
geometries beyond the 32-nm node. It might
become so bad that it would be impractical to
absorb degradation effects upfront in a system
design. 

Impact on test
Future transistor scaling will have signifi-

cant impact on test methodology as well. One
important limiter is gate leakage. The gate
dielectric (gate oxide) thickness must decrease
as transistor dimensions scale downward to

improve performance and reduce short-chan-
nel effects. However, as this oxide scales, den-
sity Jox of the gate leakage current increases
exponentially, as Figure 7 shows, because of
quantum mechanical tunneling.

One preferred method of screening for
defects and decreasing infant mortality in
VLSI chips is called burn-in, where the chips
are stressed with higher supply voltage at high-
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Figure 4. Extreme device variations will become more typi-
cal in the future.
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Figure 5. Soft-error failure-in-time of a chip (logic and
memory).
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Figure 6. Time-dependent device degradation.

Degrada2on	  
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Service	  Level	  Agreements	  (SLAs)	  

•  Provider	  pays	  a	  penalty	  to	  the	  customer	  when	  
down%me	  >	  threshold	  over	  a	  given	  period	  

•  Two	  states	  
1.  Service	  accomplishment	  (service	  delivered	  as	  spec.)	  
2.  Service	  interrup:on	  (service	  deviates	  from	  spec.)	  

•  Service	  failures:	  state	  1-‐>2	  
•  Service	  restora:on:	  state	  2-‐>1	  
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Quan:fying	  Reliability	  

•  Mean	  Time	  To	  Failure	  (MTTF)	  
– On	  average,	  how	  long	  un:l	  the	  first	  failure?	  

•  Failures	  in	  Time	  (FIT)	  
– On	  average,	  how	  many	  failures	  per	  109	  hours?	  
– MTTF	  =	  1,000,000	  hours	  ⇒	  109/106	  =	  1000	  FIT	  
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Quan:fying	  Availability	  

•  Mean	  Time	  To	  Repair	  (MTTR)	  
– Service	  :me	  

•  Mean	  Time	  Between	  Failures	  (MTBF)	  
– MTBF	  =	  MTTF	  +	  MTTR	  

•  Availability	  =	  MTTF	  /	  MTBF	  
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Dependability	  Examples	  (1)	  
•  Example:	  Disk	  subsystem	  
– 10	  disks,	  each	  rated	  at	  1,000,000	  hour	  MTTF	  
– 1	  SCSI	  controller,	  500,000	  hour	  MTTF	  
– 1	  power	  supply,	  200,000	  hour	  MTTF	  
– 1	  fan,	  200,000	  hour	  MTTF	  
– 1	  SCSI	  cable,	  1,000,000	  hour	  MTTF	  

•  Assume	  
– Failures	  are	  independent	  
– Exponen:ally	  distributed	  life:mes	  

•  Compute	  the	  MTTF	  of	  the	  disk	  subsystem	  
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Dependability	  Examples	  (2)	  

•  Example:	  Disk	  subsystem	  with	  redundant	  power	  
supplies	  

•  What	  is	  the	  MTTF	  of	  the	  power	  supply	  pair,	  
compared	  with	  a	  single	  power	  supply?	  

•  What	  is	  the	  new	  MTTF	  of	  the	  disk	  subsystem?	  
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MTTFpsp =
MTTFps/2

MTTRps

MTTFps



Quan:ta:ve	  Principles	  of	  Design	  

•  Take	  advantage	  of	  parallelism	  	  
•  Take	  advantage	  of	  locality	  
•  Make	  the	  common	  case	  fast	  
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Exploit	  Parallelism	  at	  All	  Levels	  of	  Design	  

•  Improve	  performance	  by	  performing	  many	  tasks	  
simultaneously	  

•  Hardware	  level:	  Mul:ple	  memory	  banks	  
– Set-‐associa:ve	  caches	  search	  the	  bank	  in	  parallel	  

•  Instruc:on	  level:	  Pipelining	  and	  ILP	  exploita:on	  
– Overlapping	  instruc:on	  execu:on	  stages	  

•  Thread	  and	  data	  level:	  Mul:processors	  
– Dividing	  the	  workload	  among	  mul:ple	  processors	  

•  What	  are	  the	  trade-‐offs?	  	  Is	  parallelism	  “free?”	  
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Exploit	  Spa:al	  and	  Temporal	  Locality	  
•  Locality	  and	  the	  90%/10%	  rule	  
–  90%	  of	  execu:on	  :me	  spent	  on	  only	  10%	  of	  the	  code	  

•  Spa:al	  locality	  
–  Items	  with	  nearby	  addresses	  tend	  to	  be	  referenced	  
nearby	  in	  :me	  (code	  without	  branching,	  array	  accesses)	  

•  Temporal	  locality	  
–  Recently	  accessed	  items	  are	  likely	  to	  be	  accessed	  again	  
soon	  (loop,	  reuse)	  

•  Exploi:ng	  Locality	  
–  Branch	  or	  trace	  predic:on	  to	  guess	  next	  instruc:ons	  
– Hierarchical	  memory	  with	  mul:-‐word	  cache	  lines	  
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Make	  the	  common	  case	  fast	  

•  Focus	  op:miza:on	  effort	  on	  the	  common	  case	  
•  E.g.,	  fetch	  and	  decode	  vs.	  mul:plica:on	  
– Fetch	  and	  decode	  are	  performed	  on	  every	  instruc:on	  

– Mul:ply	  instruc:ons	  occur	  only	  occasionally	  

•  Small	  improvements	  in	  the	  common	  case	  trump	  
massive	  improvements	  in	  the	  uncommon	  case	  

•  The	  common	  case	  is	  open	  simpler	  
– E.g.,	  overflow	  is	  rare	  when	  adding	  2	  numbers,	  so	  
op:mize	  the	  more	  common	  case	  of	  no	  overflow	  
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Amdahl’s	  Law	  
•  When	  op:mizing	  a	  frac:on	  of	  total	  execu:on,	  
what	  is	  the	  resul:ng	  speedup?	  

•  F	  is	  the	  frac:on	  of	  computa:on	  affected	  by	  the	  
improvement	  

•  This	  frac:on	  is	  sped	  up	  by	  factor	  S	  
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€ 

Speedupoverall =
ExecTimeold
ExecTimenew

=
1

1− F( ) +
F
S

1	  –	  F	  

1	  –	  F	  

F	  

F	  /	  S	  

ExecTimeold	  

ExecTimenew	  



Amdah’s	  Law:	  the	  Limits	  of	  Parallelism	  
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Amdahl’s	  Law	  and	  Reliability	  
•  Example:	  Disk	  subsystem	  
–  10	  disks,	  each	  rated	  at	  1,000,000	  hour	  MTTF	  
–  1	  SCSI	  controller,	  500,000	  hour	  MTTF	  
–  1	  power	  supply,	  200,000	  hour	  MTTF	  
–  1	  fan,	  200,000	  hour	  MTTF	  
–  1	  SCSI	  cable,	  1,000,000	  hour	  MTTF	  

•  Assume	  
–  Failures	  are	  independent	  
–  Exponen:ally	  distributed	  life:mes	  

•  The	  MTTF	  of	  the	  disk	  subsystem	  =	  43,500	  hours 	  	  
•  Power	  supply	  MTTF:	  200K	  to	  830M	  hours,	  4150x	  beuer	  
– What	  is	  the	  improvement	  in	  system	  MTTF?	  
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Summary	  

•  Trends	  in	  Dependability	  
– Emerging	  resilience	  challenges	  
•  Manufacturing	  defects	  
•  Failure	  in	  the	  field	  (transient	  and	  permanent)	  

– Availability	  =	  Time	  to	  Failure	  /	  Time	  Between	  Failures	  

•  Principles	  of	  Computer	  Design	  
– Exploit	  locality	  
– Exploit	  parallelism	  
– Make	  the	  common	  case	  fast	  
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Next	  Time	  

•  Quan:fying	  Processor	  Performance	  
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