Advancing Environmental Sustainability in Data
Centers via Carbon Depreciation Models

The 16th International Green and Sustainable Computing Conference

Brown University”; Syracuse University?

shixin_ji@brown.edu
peipel_zhou@brown.edu

BROWN




To Begin with: a Second-hand Vehicle

Consider owning a car:

https://www.iseecars.com/car/bmw-7-series/resale-value



To Begin with: a Second-hand Vehicle

Consider owning a car:

On-time investment

https://www.iseecars.com/car/bmw-7-series/resale-value



To Begin with: a Second-hand Vehicle

Consider owning a car:

(9 +

On-time investment Recurring Cost

https://www.iseecars.com/car/bmw-7-series/resale-value



To Begin with: a Second-hand Vehicle
Consider owning a car:

On-time investment Recurring Cost

|
e o o oo e e o e e e e o |

https://www.iseecars.com/car/bmw-7-series/resale-value



To Begin with: a Second-hand Vehicle

Consider owning a car:

0 2 4 6
Age of car (yrs.)

https://www.iseecars.com/car/bmw-7-series/resale-value

10



To Begin with: a Second-hand Vehicle

Consider owning a car:

—t

Recurring Cos

Brand-new car
Newest features (e.g. better engine)
@ Large amount of money

https://www.iseecars.com/car/bmw-7-series/resale-value

2 4 6 8
Age of car (yrs.)

10



To Begin with: a Second-hand Vehicle

Consider owning a car:

SO0+

On-time investment ! Recurring Cost

Brand-new car
Newest features (e.g. better engine)
@ Large amount of money

Second-hand car
© affordable as the price depreciates

/ @ Older, lack some features

Age of car (yrs.)

https://www.iseecars.com/car/bmw-7-series/resale-value



To Begin with: a Second-hand Vehicle

Consider owning a car:

SO0+

On-time investment ! Recurring Cost

Brand-new car
Newest features (e.g. better engine)

wlOO% AN @ Large amount of money
o I =
'§_ 80% : Second-hand car
g% ! /?ﬁfﬁé?a.i"ciiifﬁf e
o I
S 40% : i The depreciation curve is non-linear
N ! ! First 3 years: 100% -2 43%
20% l 4-10 years: 43% = 15%
: !
0 (I) 2 4 6 8 10
Age of car (yrs.)

https://www.iseecars.com/car/bmw-7-series/resale-value



To Begin with: a Second-hand Vehicle

Owning a car vs. using Uber: Calculate per-use cost

GO0 +




To Begin with: a Second-hand Vehicle

Owning a car vs. using Uber: Calculate per-use cost

(T3 (%

1 On-time investment

Case 1: using the car every day




To Begin with: a Second-hand Vehicle

Owning a car vs. using Uber: Calculate per-use cost

(T3 (%

1 On-time investment

Case 1: using the car every day




To Begin with: a Second-hand Vehicle

Owning a car vs. using Uber: Calculate per-use cost

(TS T+

1 On-time investment




To Begin with: a Second-hand Vehicle

Owning a car vs. using Uber: Calculate per-use cost

i1 On-time investment Recurring Cost




To Begin with: a Second-hand Vehicle

Owning a car vs. using Uber: Calculate per-use cost

OO+ B

i1 On-time investment Recurring Cost

Lower cost per ride




To Begin with: a Second-hand Vehicle

Owning a car vs. using Uber: Calculate per-use cost

(TS

1 On-time investment

Case 2: using a car once per month

Lower cost per ride




To Begin with: a Second-hand Vehicle

Owning a car vs. using Uber: Calculate per-use cost

i1 On-time investment Recurring Cost

Case 2: using a car once per month

-»@

- \

Lower cost per ride




To Begin with: a Second-hand Vehicle

Owning a car vs. using Uber: Calculate per-use cost

i1 On-time investment Recurring Cost

Case 2: using a car once per month

-»@

&

Lower cost per ride Higher cost per ride




Carbon Cost for Datacenter? Dell Server R840

Consider owning a datacenter...
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Carbon emission in whole life cycle
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in 2020, consider replacing a V100 server with an A10G server (ResNet 50 as the application)

V100 server A10G server
Embodied carbon: 650 KgCO,e ’ Embodied carbon: 600 KgCO,e
Y Power: 420 W / Power: 530 W
Per 1M inference: 860 s Per 1M inference: 580 s
Other assumption: 6-year lifetime, carbon intensity(Cl) set to 0.188(active) and 0.018(idle)

Baseline solution: simply average out

Exec time ¢ = 860 - 10 —6

_____________ N runtime
€M ~ lifetime
Carbon cost C _|_6§(1 _T_'+l_t_4_12_0_ _Cfl + C,,during runtime
@ Per 1M ln_fe_rence
Per 1M inference - ban th Com, =10.002,KgCO0,e
IIQQQ:’:_'KQC()ze The newer §PU is better than the Cop —:O.Olﬁ'KgCOZe
Cop =,0.019 KgCO0,e older one in both C,,, and C,,, ----

For the same tier, different generations of chips:
Reusing hardware shows no gain! » * Ceml similar = similar after average
* The baseline method thus relies more on C,,
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Challenge 2: Secondary carbon at idle time is not accounted for

in 2020, consider how many A10G servers should we provision for the same target throughput amount

Regular Case Over-provisioning
1x A10G server, 90% utilization 3x A10G servers, 30% utilization each
— ) ) ) — :- _____ |
- EEE el
Baseline solution: simply average out Pays Com and Cop in
Exec time ¢ = _5§Q 106 dle time
Carbon cost C = |600 +t-530- CI
L_ - _6_3’15 _________ '
Per 1M inference _ @ Per 1M inference
Cormy = 0.002 KgCOye No differences between C,., = 0.002 KgCO,e
Cop = 0.016 KgCO,e low and high utilization! Cop = 0.016 KgCO,e

The secondary carbon (carbon in
idle time) is not accounted for



Overview

Baseline method



Overview

Baseline method

* (Almost) always prefer new devices,
* Inconsistent with the reusing principle



Overview

Baseline method

(Almost) always prefer new devices,
Inconsistent with the reusing principle

Unaware of server utilization,
Not able to distinguish good and
bad(over) provision



Overview

Baseline method

(Almost) always prefer new devices ‘ » explore different non-linear depreciation
Inconsistent with the reusing principle models for Cem

Unaware of server utilization,
Not able to distinguish good and
bad(over) provision



Overview

| Baseline method FooooTToTomomomomooooes » Linear Depreciation models for C,,,

(Almost) always prefer new devices ‘ e explore different non-linear depreciation
Inconsistent with the reusing principle models for Cen,

Unaware of server utilization,
Not able to distinguish good and
bad(over) provision



Overview

| Baseline method FooooTToTomomomomooooes » Linear Depreciation models for C,,,
« (Almost) always prefer new devices ‘ * explore different non-linear depreciation
* Inconsistent with the reusing principle models for Cen,

* encourage the use of older hardware

Unaware of server utilization,
Not able to distinguish good and
bad(over) provision



Overview

Baseline method +------~-=-- - - - - - - -—--

(Almost) always prefer new devices,
Inconsistent with the reusing principle

Unaware of server utilization,
Not able to distinguish good and
bad(over) provision

1 1

Linear Depreciation models for C,,,

* explore different non-linear depreciation
models for C,,,

* encourage the use of older hardware

* explore secondary carbon accounting

* promotes high server utilization



Overview

Baseline method +------~-=-- - - - - - - -—--

(Almost) always prefer new devices,
Inconsistent with the reusing principle

Unaware of server utilization,
Not able to distinguish good and
bad(over) provision

1 1

Linear Depreciation models for C,,,

* explore different non-linear depreciation
models for C,,,

* encourage the use of older hardware

* explore secondary carbon accounting

* promotes high server utilization

e study under different depreciation and
secondary carbon accounting strategies
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A depreciation model is a mathematical rule that allocates the
depreciable value of an asset over its useful lifetime.
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value Declining balance (DB):
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|
B Double Declining balance (DDB):
Bi=B;_1(1—71)
Sum-of-the-years’-digits
depreciation (SYD):

- (L—D(L—i+1)
B;=S+(C,—S5) DCFD

1 1 J ] S
=== | — t salvage value

Lifetime




Non-linear Depreciation Models: What are them?

A depreciation model is a mathematical rule that allocates the
depreciable value of an asset over its useful lifetime.

Co=2 Declining balance (DB):B; = B;_1(1 — 1)

Linear: B; = B;_1 —

N DB vs. linear depreciation

v



Non-linear Depreciation Models: What are them?

A depreciation model is a mathematical rule that allocates the
depreciable value of an asset over its useful lifetime.

Co=2 Declining balance (DB):B; = B;_1(1 — 1)

Linear: B; = B;_1 —

N DB vs. linear depreciation

v



Non-linear Depreciation Models: What are them?

A depreciation model is a mathematical rule that allocates the
depreciable value of an asset over its useful lifetime.

Co=2 Declining balance (DB):B; = B;_1(1 — 1)

Linear: B; = B;_1 —

N DB vs. linear depreciation

v



Non-linear Depreciation Models: What are them?

A depreciation model is a mathematical rule that allocates the
depreciable value of an asset over its useful lifetime.

Linear: B; = B;_{ — Co=3 Declining balance (DB):B; = B;_1(1 — 1)

N DB vs. linear depreciation

First years:
More value depreciated
More embodied carbon cost

v



Non-linear Depreciation Models: What are them?

A depreciation model is a mathematical rule that allocates the
depreciable value of an asset over its useful lifetime.

Linear: B; = B;_{ — Co=3 Declining balance (DB):B; = B;_1(1 — 1)

N DB vs. linear depreciation

First years:
More value depreciated
More embodied carbon cost

v



Non-linear Depreciation Models: What are them?

A depreciation model is a mathematical rule that allocates the
depreciable value of an asset over its useful lifetime.

Linear: B; = B;_{ — Co=3 Declining balance (DB):B; = B;_1(1 — 1)

N DB vs. linear depreciation

First years:
More value depreciated
More embodied carbon cost

v




Non-linear Depreciation Models: What are them?

A depreciation model is a mathematical rule that allocates the
depreciable value of an asset over its useful lifetime.

Linear: B; = B;_1 — Co=3 Declining balance (DB):B; = B;_1(1 — 1)

N DB vs. linear depreciation

First years:
More value depreciated
More embodied carbon cost

Last years:
Less value depreciated
Less embodied carbon cost attributed

v




Non-linear Depreciation Models: What are them?

A depreciation model is a mathematical rule that allocates the
depreciable value of an asset over its useful lifetime.

Co=2 Declining balance (DB):B; = B;_1(1 — 1)

Linear: B; = B;_1 —

N DB vs. linear depreciation

First years:
More value depreciated
More embodied carbon cost

Last years:
Less value depreciated
Less embodied carbon cost attributed

Non-linear depreciation model
pushes more embodied carbon cost
to the first layers.
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Implication of the Depreciation Models

in 2020, consider replacing a V100 server with an A10G server (ResNet 50 as the application)
Set the target throughput at 200 infer/s
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In 2020, a year 4 V100 server running on different Utilizations
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Implication of the Secondary Carbon Recovery

In 2020, a year 4 V100 server running on different Utilizations

W/o Secondary carbon recovery

* Incomplete coverage of overall
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Implication of the Secondary Carbon Recovery

In 2020, a year 4 V100 server running on different Utilizations

W/o Secondary carbon recovery

* Incomplete coverage of overall
carbon cost

* Unaware of server utilization

W/t Secondary carbon recovery

 Covers the cost at idle time

* Low Util: larger amount of idle
carbon, fewer tasks to amortize

* High Util: smaller amount of idle
carbon cost, more tasks
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Combing them together

Per-task carbon cost on V100 GPUs on different utilizations and ages
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Sensitivity Study

Different Applications and Carbon intensities could affect design choices
Year 4 V100 server vs. Year 1 A10G server; Y axis > 1 means V100 is better
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Sensitivity Study

Different Applications and Carbon intensities could affect design choices

Year 4 V100 server vs. Year 1 A10G server; Y axis > 1 means V100 is better
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Sensitivity Study

Different Applications and Carbon intensities could affect design choices
Year 4 V100 server vs. Year 1 A10G server; Y axis > 1 means V100 is better
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Sensitivity Study

Different Applications and Carbon intensities could affect design choices
Year 4 V100 server vs. Year 1 A10G server; Y axis > 1 means V100 is better
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new device have a significant improvement in performance and data efficiency
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Multi-server scenario: Case Study for Cluster Provisioning
Cluster of 6 servers; 3 or 6-year lifetime
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Multi-server scenario: Case Study for Cluster Provisioning
Cluster of 6 servers; 3 year lifetime: 2 x year 1 (2,3) servers, respectively

2 Greedy scheduling algorithms: preferring new servers (better) ; preferring old servers (worse)
2 Utilization Scheme: U=0.8 (good provisioning) and 0.3 (over provisioning)
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