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Cloud and Serverless

Function

Compilation: deploying functions to the cloud.

.} Code Package @
(93 — — Cloud
& Container

Storage

Language Runtime

Container Engine

Operating System
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Language Runtime
Container Engine
Operating System

Hypervisor

Hardware

Functions

Compilation: deploying functions to the cloud.

.} Code Package @
(93 — — Cloud
& Container
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Runtime: invoking existing functions.
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Cloud and Serverless

Percent of AWS Lambda invocations by language

50%

beres

40%

20%

10%

% of AWS Lambda invocations

0%

Source: DataDog, “State of Serverless 2023”, https://www.datadoghg.com/state-of-serverless/ .
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AWS Lambda with C++ - Function

#include <aws/lambda-runtime/runtime.h>
#include <aws/core/utils/json/JsonSerializer.h>
#include <aws/core/utils/memory/stl/SimpleStringStream.h>

using namespace aws::lambda_runtime;

invocation_response my handler(invocation_request const& request)

{
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AWS Lambda with C++ - Function

#include <aws/lambda-runtime/runtime.h>
#include <aws/core/utils/json/JsonSerializer.h>
#include <aws/core/utils/memory/stl/SimpleStringStream.h>

using namespace aws::lambda_runtime;

invocation_response my handler(invocation_request const& request)

{
using namespace Aws::Utils::Json;
JsonValue (request.payload);
if (!json. () {
return invocation_response:: (
"Failed to parse input JSON", "InvalidJSON"
)
}
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AWS Lambda with C++ - Function

#include <aws/lambda-runtime/runtime.h>
#include <aws/core/utils/json/JsonSerializer.h>
#include <aws/core/utils/memory/stl/SimpleStringStream.h>

using namespace aws::lambda_runtime;

invocation_response my handler(invocation_request const& request)

{

using namespace Aws::Utils::Json;

JsonValue (request.payload);
if (!json. () {
return invocation_response:: (
"Failed to parse input JSON", "InvalidJSON"
)
}
auto iterations = json. ("iterations");
auto result = (iterations);
auto response = std::: (result);

YW @spcl_eth
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AWS Lambda with C++ - Function

#include <aws/lambda-runtime/runtime.h>
#include <aws/core/utils/json/JsonSerializer.h>
#include <aws/core/utils/memory/stl/SimpleStringStream.h>

using namespace aws::lambda_runtime;
invocation_response my handler(invocation_request const& request)

{

using namespace Aws::Utils::Json;

JsonValue (request.payload);
if (!json. () {
return invocation_response:: (
"Failed to parse input JSON", "InvalidJSON"
)
}
auto iterations = json. ("iterations");
auto result = (iterations);
auto response = std::: (result);
return invocation_response::: (
response, "application/json”
)

YW @spcl_eth
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AWS Lambda with C++ - Function

#include <aws/lambda-runtime/runtime.h>
#include <aws/core/utils/json/JsonSerializer.h>
#include <aws/core/utils/memory/stl/SimpleStringStream.h>

using namespace aws::lambda_runtime;
invocation_response my handler(invocation_request const& request)

{

using namespace Aws::Utils::Json;

JsonValue (request.payload);
if (!json. () {
return invocation_response:: (
"Failed to parse input JSON", "InvalidJSON"
)
}
auto iterations = json. ("iterations");
auto result = (iterations);
auto response = std::: (result);
return invocation_response::: (
response, "application/json”
)

(Cross) Compile to shared
library.
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AWS Lambda with C++ - Function

#include <aws/lambda-runtime/runtime.h>
#include <aws/core/utils/json/JsonSerializer.h> (Cross) Compile to shared
#include <aws/core/utils/memory/stl/SimpleStringStream.h>

library.

using namespace aws::lambda_runtime;

invocation_response my handler(invocation_request const& request)

{

using namespace Aws::Utils::Json;

zior(“@igs' (request. paylo??; ’{ Link with custom runtime.
return invocation_response:: (
"Failed to parse input JSON", "InvalidJSON"
)
}
auto iterations = json. ("iterations");
auto result = (iterations);
auto response = std::: (result);
return invocation_response::: (
response, "application/json”
)
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AWS Lambda with C++ - Function

#include <aws/lambda-runtime/runtime.h>
#include <aws/core/utils/json/JsonSerializer.h> (Cross) Compile to shared
#include <aws/core/utils/memory/stl/SimpleStringStream.h>

library.

using namespace aws::lambda_runtime;

invocation_response my handler(invocation_request const& request)

{

using namespace Aws::Utils::Json;

zior(“@igs' (request. paylo?c;; ’{ Link with custom runtime.
return invocation_response:: (
"Failed to parse input JSON", "InvalidJSON"
)
}
auto iterations = json. ("iterations");
auto result = (iterations); Upload to cloud with
auto response = std::: (result); all dependencies.
return invocation_response::: (
response, "application/json”
)
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AWS Lambda with C++ - Function

41—l - .
#i| ool . ( . (Cross) Compile to shared
#i const Aws::String& functionName, librar
std::shared ptr<Aws::Lambda::LambdaClient> client, Y
us int invocations, int &result
)
in { st)
( Aws: :Lambda: :Model: : InvokeRequest invokeRequest;
invokeRequest. (functionName);
invokeRequest. (
Aws: ::Lambda: :Model: :InvocationType: :RequestResponse); Link with custom runtime.
std::shared ptr<Aws::I0Stream> payload
= AWS:: <Aws: :StringStream>();
Aws::Utils::Json::JsonValue jsonPayload;
jsonPayload. ("iterations", iterations);
*payload <<< jsonPayload. (). (); :
invokeRequest. (payload); Upload to cloud with
invokeRequest. ("application/json"); all dependencies.
} ) 4
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AWS Lambda with C++ - Function

41—l - .
#i| ool o . S L (Cross) Compile to shared
#1101 { library.
us
% auto outcome = client->- (invokeRequest);
in st)
{ if (outcome. ()) {
auto &result = outcome. ();
Aws::I0Stream &payload = result. OF ) ; e e S e R e
Aws::String functionResult;
std:: (payload, functionResult);
result = std:: (functionResult);
return true;
} else {
return false;
} Upload to cloud with
all dependencies.
}
} ) 4
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AWS Lambda with C++ - Function

4 Aws : : SDKOptions options;

o Aws:: (options);

4 Aws::Client::ClientConfiguration clientConfig;

auto m_client = Aws:: <Aws::Lambda: :LambdaClient>(
ALLOCATION_TAG,
clientConfig

i); t)

int n = 10000;
int np = 10;
std::vector<int> (np); Link with custom runtime.
std: :vector<std: :thread> threads;
for (int i = 0; i < np; i+++) {
threads. ([&, 1]1(0) {
("pi-mc-worker", n / np, results[i]);

(Cross) Compile to shared
library.

1)
}

Upload to cloud with

for (auto &thread : threads) { all dependencies.
thread. ();

}
auto pi = std::: (results. (), results. ()) / np;

—
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Challenges

Complex, multi-source

project setup

#pragma
for(int 1 = 9; 1 < n; ++1)

(1);
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Challenges

Cross-compiled
environments

Complex, multi-source

project setup

#pragma
for(int 1 = 9; 1 < n; ++1)

(1); X86 ARM
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Challenges

Cross-compiled
environments

Complex, multi-source

project setup

#pragma
for(int 1 = 9; 1 < n; ++1)

(1); X86 ARM

Lack of static typing

& E3 &S

Manual verification?
JSON Schema?
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Cppless: single-source C++ compiler for serverless

double (int n);
double ()
{

const int n = 100000000;
const int np = 128;

cppless::aws_dispatcher dispatcher;

auto aws = dispatcher. ()
std:::vector<double> (np);
auto fn = [=] { return (n / np); };

for (auto& result : results)

cppless::: (aws, fn, result);
cppless::: (aws, np);
auto pi = std::: (
results. (), results. ()
) / np;

return pi;
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Cppless: single-source C++ compiler for serverless

double (int n);
double ()
{

const int n 100000000
const int np = 128;

cppless::aws_dispatcher dispatcher;

auto aws = dispatcher. ()
std:::vector<double (np);
auto fn [=] { return (n / np); };

for (auto& result : results)
cppless::: (aws, fn, result);
cppless::: (aws, np);
auto pi = std::: (
results. (), results. ()

) / np;

return pi;

C++ abstraction for cloud provider APIs.

Avoids the vendor lock-in and simplifies invocations.
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Cppless: single-source C++ compiler for serverless

( n);
()
{
n = 100000000;
np = 128;
cppless::aws_dispatcher dispatcher; C++ abstraction for cloud provider APIs.
aws = dispatcher. OF Avoids the vendor lock-in and simplifies invocations.
std:::vector (np); . .
fn o= [-] { (n / np); }; Serverless function as C++ lambda expression.
Automatically compiled to a cloud function.
( result : results)
cppless::: (aws, fn, result);
cppless::: (aws, np);
pi = std::: (
results. (), results. ()
) / np;
pi;
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Cppless: single-source C++ compiler for serverless

( n);
()
{
n = 100000000;
np = 128;
cppless::aws_dispatcher dispatcher; C++ abstraction for cloud provider APIs.
e - Ehkspantdiel OF Avoids the vendor lock-in and simplifies invocations.
std:::vector (np); . .
fn o= [=] { (n / np); }; Serverless function as C++ lambda expression.
Automatically compiled to a cloud function.
( result : results)
cppless::: (aws, fn, result); ] ] .
cppless::: (aws, np); Integrated invocation of the function.
_ Automatic serialization and type checking.
pi = std::: (
results. (), results. ()
) / np;
pi;
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Serverless ray tracing: from small VM to many functions

501 Time 43.79 s
Corehours 0.012
e Time 35.33 s
40 A Speedup 1.2
Corehours 0.020
c —_—a
&
o 30 -
o
wu
©
C
S
) 20 n
wn
101 Time 1.29 s Time 1.61 s
Speedup 33.9 Speedup 27.1
Corehours 0.027 Corehours 0.027
0 © S
Serial Local Threads Serverless Serverless
Tile 32x32 Tile 16x16
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Conclusions More of SPCLs research:

° youtube.com/@spcl 150+ Talks
u twitter.com/spcl_eth 1.2K+ Followers
O github.com/spcl

(8] i [
... or spcl.ethz.ch ?‘q
El:-.-...,‘-u&i:ﬁ.
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Conclusions

°youtube.com/@spcl
u twitter.com/spcl_eth
O github.com/spcl

i
_ I Compilation: deploying functions to the cloud.
i
Language Runtime | $ Code Package @
| @

: Container Engine I * Container __’Sfol?al;e E E
; Operating System : F - "
@ — e ... or spcl.ethz.ch = E
. |@ed & BT ‘E.r.bﬁ";\-b_.t:

E [ g 5" | [ 5

Functions


spcl.inf.ethz.ch

MG L Qew  ETHziirich

spcl.ethz.ch

Conclusions More of SPCLs research:

2 youtube.com/@spcl 150+ Talks

o o ETHzUrich .
AWS Lambda with C++ - Function u twitter.com/spcl_eth 1.2K+ Followers
T O github.com/spcl 2K+ Stars

Compilation: deploying functions to the cloud. using namespace ans::lambda_runtime;

Language Runtime

$ Code Package @ invocation_response my_handler(invocation_request c & request)
—_— :

' i
' i
' i
' |
' i . ——* Cloud {
P Container Engine | * Container Storage using namespace Aws::Utils::Json;
H | IsonValue (request.payload); Link with custom runtime.
' Operating System P if (!json. O {
H H eturn invocation_response:: (
;@ Hypervisar i Runtime: invoking existing functions. 'Failed to parse input JSON", "InvalidJSON' or S cI ethz ch
V i rr=-TrTrT T él Y ese p . .
H Hardware i In_put W“ \ ! iterat ("iterations")
. | auto iterations = json. iterations"); .
! Ed Json BEEE 444444 wto result (iterations); 2y pioad o dloud uith
: -- ; remrm T s == auto response (result); AP OETIGIES]
rn invecatior p (

response, 'ap

Functions , ’
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Conclusions More of SPCLs research:

° youtube.com/@spcl 150+ Talks

ST « ETHziirich

Al — ] twitter.com/spcl_eth LN ENTE S

Cloud and Serverless AWS Lambda with C++ - Function

Function

(Cross) Compile to shared .
b O github.com/spcl 2K+ Stars

:1ambda_runtime;

Compilation: deploying functions to the cloud. using namespace aw

$ Code Package @ 1nvocation_response my_handler{invocation_request & request)

é — . — Cloud {
@ container Storage using namespace Aus::Utils::Json;
JIsonValue (reguest.payload); Link with custom runtime.
if (!gson. O {
pload to cloud with
all dependen

i
i
i
|
P
|
P
Operating System '
| eturn invocation_respon
P
i
i
i
|
P

Language Runtime

Container Engine
(
Hypervisor ailed to parse input JSON", "InvalidISON
E o ... or spcl.ethz.ch
Hardware é Input W‘ I } . ) ,
— auto iterations = json. “iterations");
JSON AAAAAL o result i o (1terations);

(result);

it
it
ito response = std:::

return invoc

! response,
Functions L

ST

Cppless: single-source C++ compiler for serverless
uble (int n);

cppless: :aws_dispatcher dispatcher; C++ abstraction for cloud provider APIs.

aws = dispatcher. o Avoids the vendor lock-in and simplifies invocations.
d: : :vector<double (np); . 1
fn = [=] { retur (n/ np); ¥ Serverless function as C++ lambda expression.

Automatically compiled to a cloud function.

for (auto& result : results)
cppless::: (aws, fn, result);
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( Automatic serialization and type checking.
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Cppless: single-source C++ compiler for serverless
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C++ abstraction for cloud provider APIs.
Avoids the vendor lock-in and simplifies invocations.

Serverless function as C++ lambda expression.
Automatically compiled to a cloud function.
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