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How many operations must | do on some data to make it worth the cost of loading it?

2000 GFLOPs FP64

FLOPs _
Data Rate

Required Compute Intensity =

e Y
PGV | ET |

So for every number load from memory, Need to do 80 Operations on it to break even.
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Performance(ops/sec)

MAC/Cycle
4
Bandwidth(BW) Compute
Bounded Bounded
Peak |.......}.. :
_ Number of PEs (Theoretical Peak Performance)
Performance

BW to PEs

Operational intensity(ops/byte)
» MAC/data

optimal
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DAXPY it&H DEMO

2FLOPs : multiply & add

2 Memory Loads: x[i] & y[i] (per element)
Single Operation: FMA(fused multiply-add)

void demo(double alpha, double *x, double xy)
{

int n = 2000;

for(int i = 0; i < n; ++1i)

{

yli] = alpha * x[i] + ylil;
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DAXPY it&H DEMO

void demo(double alpha, doubl

t n = 2000; 2FLOPs : multiply & add

for(int i = 0; i < n; ++1i)

{

{ 2 Memory Loads: x[i] & y[i] (per element)
yli]l = alpha x x[i] + yl[il];

} Single Operation: FMA(fused multiply-add)

Memory latency a*Xx +y

Load from DRAM Read from cache Write to cache

I P Times
load load Read Read Write Write
x[0] y[0] x[0] y[0] result result
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Speed of Light = 300,000,000 M/S
Computer Clock = 3,000,000,000 Hz
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FSBRIEHEERE

Speed of Light = 300,000,000 M/S
Computer Clock = 3,000,000,000 Hz
Speed of Electricity = 60,000,000 M/S
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FESHBRIEHEERE
Speed of Light = 300,000,000 M/S

Computer Clock = 3,000,000,000 Hz
Speed of Electricity = 60,000,000 M/S

22
mm

32mm 50-100mm
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DAXPY it&H DEMO
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| 1,659 bytes can be moved in 89 ns

AXY demo move |6 byes per 89 ns latency

Memory efficiency = 0.14%
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DAXPY it&H DEMO

Memory Bandwidth: 131 GB/sec
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| 1,659 bytes can be moved in 89 ns
Memory latency: 89 ns
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AXY demo move |6 byes per 89 ns latency
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Memory latency ax*Xx +y

Load from DRAM Read from cache Write to cache

» Times
load load . o . Read Read Write Write
«[0] y[O] memory bus is idle 99.86% of the time X[0] y[0] result rasule
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AMD Rome 7742

Memory B/W(GB/sec) 204
DRAM Latency(ns) 122
Peak bytes per latency 24,888
Memory Efficiency 0.064%
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Intel Xeon 8280

131 1555
89 404
1 1,659 628,220
0.14% 0.0025%
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l. https://www.youtube.com/watch?v=3j{Hi8E5C-18

2. https://www.youtube.com/watch?v=-P28LKWTzrl

3. https://www.youtube.com/watch?v=311000DY|Xg
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