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Assignment 5 – Task 1
Multicore power envelope

a) Overclocking

▪ Assumptions

▪ No static power consumption 𝑊(0)  =  0

▪ 𝑊𝑑 Dynamic power consumption at 𝑓 = 𝑓0

▪ Δ𝑓 Clock frequency change (Δ𝑓 = 𝑓 − 𝑓0)

▪ 𝑊 proportional to 𝑓3

▪ Power consumption of one chip: 𝑊 = 𝑊𝑑 1 + Δ𝑓/𝑓0
3

▪ What is 𝑊 when Δ𝑓/𝑓0 = 0.3?

𝑾 = 𝑊𝑑 1 + 0.3 3 = 𝑾𝒅 ⋅ 𝟐. 𝟏𝟗𝟕
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Assignment 5 – Task 1
Multicore power envelope 

b) Multicore

▪ Denote Δ𝑣 = Δ𝑓/𝑓0

𝑊 𝑚 = 𝑚 ⋅ 𝑊𝑑 1 + Δ𝑣 3  =  𝑊𝑑  for 𝑓0

⇒ 𝒎 = 𝟏 + 𝜟𝒗 −3

𝒎 = 1 − 0.5 −3 = 𝟖

c) Performance extrema

▪ Assume 𝑚 = 8 cores

▪ Minimum performance gain?

▪ Speedup: 1, Memory bound codes would not benefit from additional cores

▪ Maximum performance gain?

▪ Speedup: 𝑚 ⋅ Δ𝑣 = 8 ⋅ 0.5 = 𝟒. Compute bound codes benefit here

We want to keep 𝑊𝑑 fixed!
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Assignment 5 – Task 1
Multicore power envelope

d) Energy to solution

𝑬 ∝ W × 𝑡 ∝ 𝑊 × 1 + Δ𝑣 −1  ∝ 𝟏 + 𝚫𝒗 2

➔ smallest 𝐸 when Δ𝑣 is small

➔ smallest Δ𝑣 when Δ𝑓 is small

➔ smallest Δ𝑓 when 𝒇 = 𝟎

𝑾 ∝ (1 + 𝚫𝒇/𝒇𝟎)𝟑
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Assignment 5 – Task 2
Optimal energy to solution

▪ 𝑊𝑑 Dynamic power consumption of a running core 

▪ 𝑛 cores used (of 𝑛𝑚𝑎𝑥 available)

▪ 𝑊0 Baseline power consumption of the chip (all cores idle): 𝑊(𝑛 = 0) = 𝑊0

Power : 𝑾 𝒏, 𝒇 = 𝑾𝟎 + 𝒏𝑾𝒅

▪ 𝑃(1) Performance of serial program 

▪ 𝑃𝑙𝑖𝑚𝑖𝑡  Maximum performance of parallel program

▪ 𝑃(𝑛) Performance of parallel program on 𝑛 cores

▪ 𝑇(𝑛) Time to solution on 𝑛 cores

Time to solution : 𝑻 𝒏 = 𝟏/(𝐦𝐢𝐧(𝒏𝑷 𝟏 , 𝑷𝒍𝒊𝒎𝒊𝒕))

Energy to solution : 𝑬 𝒏 = 𝑊 𝑛, 𝑓 × 𝑇 𝑛 = (𝑾𝟎 + 𝒏𝑾𝒅)/(𝐦𝐢𝐧(𝒏𝑷 𝟏 , 𝑷𝒍𝒊𝒎𝒊𝒕))
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Assignment 5 – Task 2
Optimal energy to solution

a)  𝑊0 = 120[𝑊], 𝑊𝑑 = 4[𝑊],

      𝑃 1 = 1[𝑠−1], 𝑃𝑙𝑖𝑚𝑖𝑡 = 20[𝑠−1]

𝑬 𝒏 = (𝑾𝟎 + 𝒏𝑾𝒅)/(𝐦𝐢𝐧(𝒏𝑷 𝟏 , 𝑷𝒍𝒊𝒎𝒊𝒕))
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Assignment 5 – Task 2
Optimal energy to solution

a)  𝑊0 = 120[𝑊], 𝑊𝑑 = 4[𝑊],

      𝑃 1 = 1[𝑠−1], 𝑃𝑙𝑖𝑚𝑖𝑡 = 20[𝑠−1]

b)  𝑊0 = 120[𝑊], 𝑊𝑑 = 4[𝑊],

      𝑷 𝟏 = 𝟐. 𝟓[𝒔−𝟏], 𝑃𝑙𝑖𝑚𝑖𝑡 = 20[𝑠−1]

c) 𝑊0 = 120[𝑊], 𝑊𝑑 = 4[𝑊],

      𝑃 1 = 2.5[𝑠−1], 𝑷𝒍𝒊𝒎𝒊𝒕 = 𝟑𝟎[𝒔−𝟏]

  𝑊0 = 120[𝑊], 𝑊𝑑 = 4[𝑊],

      𝑃 1 = 2.5[𝑠−1], 𝑷𝒍𝒊𝒎𝒊𝒕 = 𝟐𝟎𝟎[𝒔−𝟏]

𝑬 𝒏 = (𝑾𝟎 + 𝒏𝑾𝒅)/(𝐦𝐢𝐧(𝒏𝑷 𝟏 , 𝑷𝒍𝒊𝒎𝒊𝒕))
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Assignment 5 – Task 2
Optimal energy to solution

d)  𝑊 = 𝑊0 + 𝑛𝑊d with 𝑊𝑑 = 𝑾𝟐𝒇𝟐

      𝐸 𝑓 = 𝑊 × 𝑇 =
𝑊0 + 𝑛𝑊2𝑓2

𝑛𝑐𝑓

𝑷 = 𝟏/𝑻

⇒ 𝑻 = 𝟏/𝒏𝑷 𝟏 =
𝟏

𝒏𝒔−𝟏 =
𝟏

𝒏𝒄𝒇

=
𝑊0

𝑛𝑐
𝑓−1 +

𝑊2

𝑐
𝑓

𝑑𝐸

𝑑𝑓
= −

𝑊0

𝑛𝑐
𝑓−2 +

𝑊2

𝑐

For the minimal 𝐸, get derivative:

= 0
! → 𝑓𝑜𝑝𝑡

−2 =
𝑊2𝑛𝑐

𝑊0𝑐
=

𝑊2𝑛

𝑊0

𝒇𝒐𝒑𝒕 =
𝑾𝟎

𝑾𝟐𝒏
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Assignment 5 – Task 3
Peak Performance and Bandwidth

for(int i=0; i < 1000000000; ++i)
a[i] = b[i] + s * c[i]; ☐ 2.0 GHz

☐ 48 cores

☐ AVX-512 support

☐ 2 DP FMA/cy

☐12-channel DDR4

   DRAM, 3200 MHz

𝑃𝑝𝑒𝑎𝑘  =  48 × 8 Flops/instr ×  2 instr/cy × 2 × 2.0 Gcy/s =  𝟑. 𝟎𝟕𝟐 𝐓𝐅𝐥𝐨𝐩/𝐬

𝑏𝑠 =  12 × 3200 MT/s ×  8 Byte/T =  𝟑𝟎𝟕. 𝟐 𝐆𝐁/𝐬

𝑇𝐹𝑙𝑜𝑝 =
2 × 109Flop

3.072 × 1012Flop/s
 =  𝟔𝟓𝟏 𝛍𝐬

𝑇BW =
3 × 8 × 109 Byte

307.2 × 109 Byte/s
 =  𝟕𝟖, 𝟏𝟐𝟓 𝝁𝒔

100x more, memory bandwidth is clearly the bottleneck!

𝑃𝑝𝑒𝑎𝑘 is not realistic (LD/ST limit), 𝑷𝒎𝒂𝒙 would be a better choice for a refined model.

𝑏𝑠,GPU =  1400 GB/s ≈ 𝟒. 𝟔 × 𝑏𝑠 ➔ expected speedup 4.6x
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Assignment 5 – Task 4
Energy of 𝝅

$ srun --cpu-freq=1200000-1200000:performance likwid-perfctr –g ENERGY –C 0 ./pi
--------------------------------------------------------------------------------
Result=3.141592653579389 in 5.031e+02 s -> 12.07 cy/it (N = 100000000000)
--------------------------------------------------------------------------------
+----------------------+------------+
|        Metric        | HWThread 0 |
+----------------------+------------+
|  Runtime (RDTSC) [s] |   501.9134 |
| Runtime unhalted [s] |   250.1449 |
|      Clock [MHz]     |  1200.0195 |
|  Uncore Clock [MHz]  |   800.0039 |
|          CPI         |     0.3531 |
|    Temperature [C]   |         41 |
|      Energy [J]      | 25585.8011 |
|       Power [W]      |    50.9765 |
|    Energy DRAM [J]   |  2093.9931 |
|    Power DRAM [W]    |     4.1720 |
+----------------------+------------+

501.9134

25585.8011
50.9765
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Assignment 5 – Task 4
Energy of 𝝅

Power of an 800 MHz 

sleep command!

Baseline power too large compared 

to dynamic power of one core

→ faster is better 
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