Machine Architecture: Things Your Herb Sutter
Programming Language Never Told You Software Development Consultant
www.gotw.ca/training

Machine Architecture
(Things Your Programming Language Never Told You)

Herb Sutter

Machine Architecture

Highlevel languages insulate the programmer from the machine.
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The C++ and C# programmer is less insulated than most, and still v
find that programmers are consistently surprised at what simple
code actually does and how expensive it can-i®t because of

any complexity of a language, but because of being unaware of the
complexity of the machine on which the program actually runs.
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we write and run especially on commaodity and server systems, by
delving into the performance effects bhndwidth vs. latency
limitations, the everdeepeningnemory hierarchy the changing
costs arising from theardware concurrencexplosion,

memory modeleffects all the way from theompilerto the CPUo

tRe chipsetto the cachg and more-- and what you can do about
them.
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GAP: ASSEMBLE REVISION 131 OF AGC PRCGRAM LUMINARY BY NASA 202]\!2'0‘"_
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Quiz: What Does It Cost?

} Nostalgic AGC lunar landing code:
CAF DPSTHRSH // A =*delta_per_sec_thrust_h (??)

TS DVTHRUSH //*delta_v_thrust h=A
CAF FOUR Il A = *four
TS DVCNTR /l *delta_v_counter = A
CSs ONE Il A =--one (?)
TS WCHPHASE // *which_phase = A

} Modern C++ code:
int i =*pil + *pi2;

double d = *pd1 * *pd2;
size_t hash = pobiGetHashCode();
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What can you say about the cost of each line?
What are the most to least expensive operations?
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Machine Architecture and You

Q: What is the root of
(QEEWEUR BT
complexity?

A:Latency
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A: Yes. Bghangingits ) .
meaning evenbreaking A: YeslLocalitymatters.
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Bandwidth and Latency
} Bandwidth (aka throughput):

TAPS peak throughput: 2.1 Mbbl/d.
} Latency(aka lag) R
al 2ahgA a & 2 dzNJ LJIA LISIKEn
Time for item inserted at one end to
arrive at other end.
TAPS entb-end latency: approx. 4.4 d.
} You can always solve a bandwidth
LINPOEfSY 6AGK Y22ySeo
count on buying your way out of a
latency problem.
(Do youc why?)
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Bumper Beam
(as required)
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Quantity that can enter/exit per unit AN |
time.
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Pipe section,
TAPS (Tranralaska
Pipeline System)

Latency Lags
Bandwidth
(last ~20 years)

CPU: 80286 Pentium 4

L 21x

Ethernet: 10Mbc 10Gb

BW2,250x

L 16x

Disk: 360G 15000rpm

BW1,000x
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Relative Latency Improvement

Note: Processor biggest, memory small
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BW = bestcase

HPEC keynote, Oct 2004
(http://www.Il.mit.edu/HPEC/agendas/p
roc04/invited/patterson_keynote.pdif
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BW120x

=no contention

ource: David Patterson, UC Berkeley,
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Measuring Memory Latency

Clockspeed (MHz)

Memory size (RAM, MB) 0.007 2
Memory bandwidth 13
(MB/s)

Memory latency (ns) ~12,000 225

1980 Modern Improvement
VAX11/750 | Desktop since 1980

3,000
2,000

+500x
+1,000x

7,000 (read)
2,000 (write)

+540x
+150x

+3X

~70

Measuring Memory Latency

Clockspeed (MHz)

Memory size (RAM, MB) 0.007 2
Memory bandwidth 13
(MB/s)

Memory latency (ns) ~12,000 225
Memory latency (cycles) 12 1.4

For comparison (cycles):
Floatingpoint multiply
Int < (e.g., bounds check

b T _,r:k‘”\—

1980 Modern Improvement
VAX11/750 | Desktop since 1980

3,000 +500x
2,000 +1,000x

7,000 (read) +540x
2,000 (write) +150x

+3X
-150x

~70
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The Machine Everyone Programs For

CPU

The Actual Memory Hierarchy
(Simplified)
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