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Motivation
• Key-value stores with few µs access times

• RAMCloud, FaRM, MICA
• Everything in expensive DRAM

• Multi-tenancy needed to be practical
• And, get/put data models limit performance

Can we support safe user-level extensions?

Isolation Costs

Research Questions

Applications

Model Fast
Compile
& Install

Fast
Runtime 
In/Out

Isolation “Pointer
Chasing”

Data-
Intensive 

Ops

Compute-
Intensive

Ops
SQL ✓ ✓ ✓ w/⨝ ✓ Builtins

Native/C++ ✘ ✘ HW ✘ Hard ✓

JavaScript ✓ ✓ ✓ ✓ ✓ ✓

• Push σ, π, γ
• Alternate data models, ADTs; graphs, TAO
• Heavy operations: matrices, GMM
• Our interest: pointer-chasing for

concurrency control metadata

• Right model for extending fast KVS?
• Other approaches

• Rust type-safety
• Native Client/SFI

• Dispatch
• Contexts ↔ Cores

• Garbage collection
• Regions?
• Need to roll back globals too?

• Distributed Hotspot information
• JIT-performance vs Optimized C++

Mechanism Context
Creation

Code
Compilation

Context
Switch

V8::Context/JS 889 µs 427 µs 98 ns

Processes/C++ 763 µs 58,000 µs 1,121 ns

VMFUNC/C++ 58,000 µs 138 ns

sthreads/C++ 2 µs 58,000 µs 150 ns Server
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v8 Context 1
var rows =
getTable(’t’);

return
rows.filter(
function (x) {
return x < 10;

});

v8 Context 1
var rows =
getTable(’t’);

return
rows.filter(
function (x) {
return x < 10;

});

v8 2

v8 Contexts
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Procedure Dispatch
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Q1: SELECT SUM(A)
WHERE A < x

Q2: SELECT A+A
WHERE A < x

Q3: SELECT A+B+C+D
WHERE A < x

Q4: SELECT
SUM(A^B^C^D)
WHERE A < x
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Figure 2: C++ and JavaScript procedures running simple queries over 1 GB of 64 B records.

the cost of a V8 context switch to other approaches; the
results are shown in Table 2. The time shown is the time
taken to cross a protection domain boundary to enter a
(no-op) tenant procedure starting from the C++ host pro-
cess. A V8 context switch is just 8.7% of the cost of
conventional a process context switch.

We also explored exotic approaches to hardware pro-
tection to lower costs. One approach is sthreads [4],
which provide fork-like isolation with thread-like con-
text switch costs. Its costs were carefully minimized by
using Dune [3] to give the sandbox direct control over
kernel state via hardware virtualization support. Even
with these aggressive optimizations, V8 context switch
time is comparable to sthread context switch time. We
also tried VMFUNC, an Intel virtualization instruction that
lets VMs swap their underlying extended page tables
(physical-to-machine page mappings) without kernel or
hyper calls. Alone, it is insufficient for sandboxing, but
others have used it to isolate untrusted code [18]. On our
hardware, VMFUNC alone takes 138 ns even without the
needed functionality for isolation and correct execution,
already making it nearly as costly as sthreads.

The low context switch cost of V8 is attractive for our
target environment where we expect large numbers of
tenants to share the database system. V8 will allow more
tenants, and it will allow more of them to be active at a
time at a lower cost.

3.3 Memory and Compute-bound Procedures

Procedures suffer overheads at runtime entry/exit, but
with JavaScript they also suffer overhead as they run.
For example, the JIT compiler doesn’t optimize as ag-
gressively as a conventional C++ compiler; it includes
overheads from garbage collection; and the lack of strong
typing increases the number of branches needed, since all
member accesses must be prepared to deal with objects
of differing type. A full analysis of all of the types of pro-
cedures RAMCloud should support is challenging; here,
we illustrate with some simple examples.

Figure 2 shows the results. Each plot shows the perfor-
mance of a procedure written in both C++ and JavaScript

that operates over a relation and performs logic equivalent
to a small SQL query. Each query processes 1 GB of
records that each consist of 16 32-bit integers consecu-
tive in memory. The selectivity (x-axis) of each query is
varied by changing the number of values in the relation
that match the predicate A < x. Q1 is limited by scan
speed; it performs little compute and outputs one value.
Q2 performs little compute, but it outputs a percentage
of the values given on the x-axis. Q3 is similar to Q2 but
reads more fields from each record. Q4 performs three
floating point pow operations and is compute bound.

In Q1, Q2, and Q3 suffer most when selectivity is
50%. This is a well-known phenomenon for selection
scans [31]; at 50% branch prediction breaks down and
thwarts CPU speculation. It is reassuring that JavaScript
implementations exhibit this behavior, since it shows
they are efficient enough to exhibit performance that is
attributable low-level architectural issues. On average
JavaScript is 18%, 27%, and 39% slower for Q1, Q2, and
Q3, respectively. These functions are mostly memory-
bound with Q2 and Q3 being more so. Q4 is compute
bound and is 2.2× faster in JavaScript than the native
version which relies on glibc’s pow implementation.

Figure 2 contains a third line that represents the per-
formance of each of the queries when they are written in
C++, compiled to asm.js, and run inside V8. On average
asm.js is just 10%, 2%, 7%, and 5% slower for each query
respectively. Notice, Q4’s performance degrades to match
the original C++ performance; this is because the slower
pow from glibc is compiled in. These results suggest that
asm.js may be sufficient for applications that need the
highest performance. More exploration is needed to de-
termine how fragile these results are, especially for more
complex operations.

There are two key takeaways from our analysis:

1. Procedure invocation and interactions between
JavaScript and the host database process are 11.4×
and 72× faster than using native code and hardware-
based protections. Short and data-intensive proce-
dures will benefit from JavaScript.
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the cost of a V8 context switch to other approaches; the
results are shown in Table 2. The time shown is the time
taken to cross a protection domain boundary to enter a
(no-op) tenant procedure starting from the C++ host pro-
cess. A V8 context switch is just 8.7% of the cost of
conventional a process context switch.

We also explored exotic approaches to hardware pro-
tection to lower costs. One approach is sthreads [4],
which provide fork-like isolation with thread-like con-
text switch costs. Its costs were carefully minimized by
using Dune [3] to give the sandbox direct control over
kernel state via hardware virtualization support. Even
with these aggressive optimizations, V8 context switch
time is comparable to sthread context switch time. We
also tried VMFUNC, an Intel virtualization instruction that
lets VMs swap their underlying extended page tables
(physical-to-machine page mappings) without kernel or
hyper calls. Alone, it is insufficient for sandboxing, but
others have used it to isolate untrusted code [18]. On our
hardware, VMFUNC alone takes 138 ns even without the
needed functionality for isolation and correct execution,
already making it nearly as costly as sthreads.

The low context switch cost of V8 is attractive for our
target environment where we expect large numbers of
tenants to share the database system. V8 will allow more
tenants, and it will allow more of them to be active at a
time at a lower cost.

3.3 Memory and Compute-bound Procedures

Procedures suffer overheads at runtime entry/exit, but
with JavaScript they also suffer overhead as they run.
For example, the JIT compiler doesn’t optimize as ag-
gressively as a conventional C++ compiler; it includes
overheads from garbage collection; and the lack of strong
typing increases the number of branches needed, since all
member accesses must be prepared to deal with objects
of differing type. A full analysis of all of the types of pro-
cedures RAMCloud should support is challenging; here,
we illustrate with some simple examples.

Figure 2 shows the results. Each plot shows the perfor-
mance of a procedure written in both C++ and JavaScript

that operates over a relation and performs logic equivalent
to a small SQL query. Each query processes 1 GB of
records that each consist of 16 32-bit integers consecu-
tive in memory. The selectivity (x-axis) of each query is
varied by changing the number of values in the relation
that match the predicate A < x. Q1 is limited by scan
speed; it performs little compute and outputs one value.
Q2 performs little compute, but it outputs a percentage
of the values given on the x-axis. Q3 is similar to Q2 but
reads more fields from each record. Q4 performs three
floating point pow operations and is compute bound.

In Q1, Q2, and Q3 suffer most when selectivity is
50%. This is a well-known phenomenon for selection
scans [31]; at 50% branch prediction breaks down and
thwarts CPU speculation. It is reassuring that JavaScript
implementations exhibit this behavior, since it shows
they are efficient enough to exhibit performance that is
attributable low-level architectural issues. On average
JavaScript is 18%, 27%, and 39% slower for Q1, Q2, and
Q3, respectively. These functions are mostly memory-
bound with Q2 and Q3 being more so. Q4 is compute
bound and is 2.2× faster in JavaScript than the native
version which relies on glibc’s pow implementation.

Figure 2 contains a third line that represents the per-
formance of each of the queries when they are written in
C++, compiled to asm.js, and run inside V8. On average
asm.js is just 10%, 2%, 7%, and 5% slower for each query
respectively. Notice, Q4’s performance degrades to match
the original C++ performance; this is because the slower
pow from glibc is compiled in. These results suggest that
asm.js may be sufficient for applications that need the
highest performance. More exploration is needed to de-
termine how fragile these results are, especially for more
complex operations.

There are two key takeaways from our analysis:

1. Procedure invocation and interactions between
JavaScript and the host database process are 11.4×
and 72× faster than using native code and hardware-
based protections. Short and data-intensive proce-
dures will benefit from JavaScript.
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the cost of a V8 context switch to other approaches; the
results are shown in Table 2. The time shown is the time
taken to cross a protection domain boundary to enter a
(no-op) tenant procedure starting from the C++ host pro-
cess. A V8 context switch is just 8.7% of the cost of
conventional a process context switch.

We also explored exotic approaches to hardware pro-
tection to lower costs. One approach is sthreads [4],
which provide fork-like isolation with thread-like con-
text switch costs. Its costs were carefully minimized by
using Dune [3] to give the sandbox direct control over
kernel state via hardware virtualization support. Even
with these aggressive optimizations, V8 context switch
time is comparable to sthread context switch time. We
also tried VMFUNC, an Intel virtualization instruction that
lets VMs swap their underlying extended page tables
(physical-to-machine page mappings) without kernel or
hyper calls. Alone, it is insufficient for sandboxing, but
others have used it to isolate untrusted code [18]. On our
hardware, VMFUNC alone takes 138 ns even without the
needed functionality for isolation and correct execution,
already making it nearly as costly as sthreads.

The low context switch cost of V8 is attractive for our
target environment where we expect large numbers of
tenants to share the database system. V8 will allow more
tenants, and it will allow more of them to be active at a
time at a lower cost.

3.3 Memory and Compute-bound Procedures

Procedures suffer overheads at runtime entry/exit, but
with JavaScript they also suffer overhead as they run.
For example, the JIT compiler doesn’t optimize as ag-
gressively as a conventional C++ compiler; it includes
overheads from garbage collection; and the lack of strong
typing increases the number of branches needed, since all
member accesses must be prepared to deal with objects
of differing type. A full analysis of all of the types of pro-
cedures RAMCloud should support is challenging; here,
we illustrate with some simple examples.

Figure 2 shows the results. Each plot shows the perfor-
mance of a procedure written in both C++ and JavaScript

that operates over a relation and performs logic equivalent
to a small SQL query. Each query processes 1 GB of
records that each consist of 16 32-bit integers consecu-
tive in memory. The selectivity (x-axis) of each query is
varied by changing the number of values in the relation
that match the predicate A < x. Q1 is limited by scan
speed; it performs little compute and outputs one value.
Q2 performs little compute, but it outputs a percentage
of the values given on the x-axis. Q3 is similar to Q2 but
reads more fields from each record. Q4 performs three
floating point pow operations and is compute bound.

In Q1, Q2, and Q3 suffer most when selectivity is
50%. This is a well-known phenomenon for selection
scans [31]; at 50% branch prediction breaks down and
thwarts CPU speculation. It is reassuring that JavaScript
implementations exhibit this behavior, since it shows
they are efficient enough to exhibit performance that is
attributable low-level architectural issues. On average
JavaScript is 18%, 27%, and 39% slower for Q1, Q2, and
Q3, respectively. These functions are mostly memory-
bound with Q2 and Q3 being more so. Q4 is compute
bound and is 2.2× faster in JavaScript than the native
version which relies on glibc’s pow implementation.

Figure 2 contains a third line that represents the per-
formance of each of the queries when they are written in
C++, compiled to asm.js, and run inside V8. On average
asm.js is just 10%, 2%, 7%, and 5% slower for each query
respectively. Notice, Q4’s performance degrades to match
the original C++ performance; this is because the slower
pow from glibc is compiled in. These results suggest that
asm.js may be sufficient for applications that need the
highest performance. More exploration is needed to de-
termine how fragile these results are, especially for more
complex operations.

There are two key takeaways from our analysis:

1. Procedure invocation and interactions between
JavaScript and the host database process are 11.4×
and 72× faster than using native code and hardware-
based protections. Short and data-intensive proce-
dures will benefit from JavaScript.
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the cost of a V8 context switch to other approaches; the
results are shown in Table 2. The time shown is the time
taken to cross a protection domain boundary to enter a
(no-op) tenant procedure starting from the C++ host pro-
cess. A V8 context switch is just 8.7% of the cost of
conventional a process context switch.

We also explored exotic approaches to hardware pro-
tection to lower costs. One approach is sthreads [4],
which provide fork-like isolation with thread-like con-
text switch costs. Its costs were carefully minimized by
using Dune [3] to give the sandbox direct control over
kernel state via hardware virtualization support. Even
with these aggressive optimizations, V8 context switch
time is comparable to sthread context switch time. We
also tried VMFUNC, an Intel virtualization instruction that
lets VMs swap their underlying extended page tables
(physical-to-machine page mappings) without kernel or
hyper calls. Alone, it is insufficient for sandboxing, but
others have used it to isolate untrusted code [18]. On our
hardware, VMFUNC alone takes 138 ns even without the
needed functionality for isolation and correct execution,
already making it nearly as costly as sthreads.

The low context switch cost of V8 is attractive for our
target environment where we expect large numbers of
tenants to share the database system. V8 will allow more
tenants, and it will allow more of them to be active at a
time at a lower cost.

3.3 Memory and Compute-bound Procedures

Procedures suffer overheads at runtime entry/exit, but
with JavaScript they also suffer overhead as they run.
For example, the JIT compiler doesn’t optimize as ag-
gressively as a conventional C++ compiler; it includes
overheads from garbage collection; and the lack of strong
typing increases the number of branches needed, since all
member accesses must be prepared to deal with objects
of differing type. A full analysis of all of the types of pro-
cedures RAMCloud should support is challenging; here,
we illustrate with some simple examples.

Figure 2 shows the results. Each plot shows the perfor-
mance of a procedure written in both C++ and JavaScript

that operates over a relation and performs logic equivalent
to a small SQL query. Each query processes 1 GB of
records that each consist of 16 32-bit integers consecu-
tive in memory. The selectivity (x-axis) of each query is
varied by changing the number of values in the relation
that match the predicate A < x. Q1 is limited by scan
speed; it performs little compute and outputs one value.
Q2 performs little compute, but it outputs a percentage
of the values given on the x-axis. Q3 is similar to Q2 but
reads more fields from each record. Q4 performs three
floating point pow operations and is compute bound.

In Q1, Q2, and Q3 suffer most when selectivity is
50%. This is a well-known phenomenon for selection
scans [31]; at 50% branch prediction breaks down and
thwarts CPU speculation. It is reassuring that JavaScript
implementations exhibit this behavior, since it shows
they are efficient enough to exhibit performance that is
attributable low-level architectural issues. On average
JavaScript is 18%, 27%, and 39% slower for Q1, Q2, and
Q3, respectively. These functions are mostly memory-
bound with Q2 and Q3 being more so. Q4 is compute
bound and is 2.2× faster in JavaScript than the native
version which relies on glibc’s pow implementation.

Figure 2 contains a third line that represents the per-
formance of each of the queries when they are written in
C++, compiled to asm.js, and run inside V8. On average
asm.js is just 10%, 2%, 7%, and 5% slower for each query
respectively. Notice, Q4’s performance degrades to match
the original C++ performance; this is because the slower
pow from glibc is compiled in. These results suggest that
asm.js may be sufficient for applications that need the
highest performance. More exploration is needed to de-
termine how fragile these results are, especially for more
complex operations.

There are two key takeaways from our analysis:

1. Procedure invocation and interactions between
JavaScript and the host database process are 11.4×
and 72× faster than using native code and hardware-
based protections. Short and data-intensive proce-
dures will benefit from JavaScript.
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the cost of a V8 context switch to other approaches; the
results are shown in Table 2. The time shown is the time
taken to cross a protection domain boundary to enter a
(no-op) tenant procedure starting from the C++ host pro-
cess. A V8 context switch is just 8.7% of the cost of
conventional a process context switch.

We also explored exotic approaches to hardware pro-
tection to lower costs. One approach is sthreads [4],
which provide fork-like isolation with thread-like con-
text switch costs. Its costs were carefully minimized by
using Dune [3] to give the sandbox direct control over
kernel state via hardware virtualization support. Even
with these aggressive optimizations, V8 context switch
time is comparable to sthread context switch time. We
also tried VMFUNC, an Intel virtualization instruction that
lets VMs swap their underlying extended page tables
(physical-to-machine page mappings) without kernel or
hyper calls. Alone, it is insufficient for sandboxing, but
others have used it to isolate untrusted code [18]. On our
hardware, VMFUNC alone takes 138 ns even without the
needed functionality for isolation and correct execution,
already making it nearly as costly as sthreads.

The low context switch cost of V8 is attractive for our
target environment where we expect large numbers of
tenants to share the database system. V8 will allow more
tenants, and it will allow more of them to be active at a
time at a lower cost.

3.3 Memory and Compute-bound Procedures

Procedures suffer overheads at runtime entry/exit, but
with JavaScript they also suffer overhead as they run.
For example, the JIT compiler doesn’t optimize as ag-
gressively as a conventional C++ compiler; it includes
overheads from garbage collection; and the lack of strong
typing increases the number of branches needed, since all
member accesses must be prepared to deal with objects
of differing type. A full analysis of all of the types of pro-
cedures RAMCloud should support is challenging; here,
we illustrate with some simple examples.

Figure 2 shows the results. Each plot shows the perfor-
mance of a procedure written in both C++ and JavaScript

that operates over a relation and performs logic equivalent
to a small SQL query. Each query processes 1 GB of
records that each consist of 16 32-bit integers consecu-
tive in memory. The selectivity (x-axis) of each query is
varied by changing the number of values in the relation
that match the predicate A < x. Q1 is limited by scan
speed; it performs little compute and outputs one value.
Q2 performs little compute, but it outputs a percentage
of the values given on the x-axis. Q3 is similar to Q2 but
reads more fields from each record. Q4 performs three
floating point pow operations and is compute bound.

In Q1, Q2, and Q3 suffer most when selectivity is
50%. This is a well-known phenomenon for selection
scans [31]; at 50% branch prediction breaks down and
thwarts CPU speculation. It is reassuring that JavaScript
implementations exhibit this behavior, since it shows
they are efficient enough to exhibit performance that is
attributable low-level architectural issues. On average
JavaScript is 18%, 27%, and 39% slower for Q1, Q2, and
Q3, respectively. These functions are mostly memory-
bound with Q2 and Q3 being more so. Q4 is compute
bound and is 2.2× faster in JavaScript than the native
version which relies on glibc’s pow implementation.

Figure 2 contains a third line that represents the per-
formance of each of the queries when they are written in
C++, compiled to asm.js, and run inside V8. On average
asm.js is just 10%, 2%, 7%, and 5% slower for each query
respectively. Notice, Q4’s performance degrades to match
the original C++ performance; this is because the slower
pow from glibc is compiled in. These results suggest that
asm.js may be sufficient for applications that need the
highest performance. More exploration is needed to de-
termine how fragile these results are, especially for more
complex operations.

There are two key takeaways from our analysis:

1. Procedure invocation and interactions between
JavaScript and the host database process are 11.4×
and 72× faster than using native code and hardware-
based protections. Short and data-intensive proce-
dures will benefit from JavaScript.

Performance Overheads

• (Near) native performance
• Low invocation overhead
• Runtime reconfigurable
• Inexpensive isolation
• Low installation overhead

Requirements/Approaches

• Data-intensive procedures mean pressure
on protection domain boundaries

• Compared to native with no isolation
• JS 18-39% slower than native
• asm.js 2-10% slower than native

• Not designed for fast dispatch
• Single context can only admit one thread
• Cannot easily move contexts between cores
• Need smart management  of context pool

databases focused on combined analytic and transactional
workloads have placed tremendous pressure on high per-
formance SQL, resulting in approaches that infuse JIT and
compiler technology into conventional SQL query pro-
cessing [11, 22]. JIT blurs the line between the database
and user code; queries run fast, and calls back-and-forth
between the database and user logic are inexpensive. SQL
is type safe, so it also facilitates lightweight isolation.
Overall, the SQL’s main drawback is that it is declar-
ative. For most workloads, this is a benefit, since the
database can use runtime information for query optimiza-
tion; however, this also limits its generality. For example,
implementing new database functionality, new operators,
or complex algorithms in SQL is difficult and inefficient.

C++/Native Code. Using native code in low-latency in-
memory stores is attractive. It works well for compute-
bound tasks, and, seemingly, it should work well for data-
intensive tasks too. The challenge with native code is
preventing bugs from crashing the database and protect-
ing against malicious procedures. We considered several
approaches including running procedures in separate pro-
cesses, software fault isolation, and techniques that abuse
hardware virtualization features (§3.2). These techniques
show little slow down while running code, but they greatly
increase the cost of control transfer between user-supplied
code and database code. For example, process-based iso-
lation means procedure invocation requires an OS context
switch (thousands of nanoseconds) both on entry and
exit. In RAMCloud, many operations take less than 2 µs,
so even just invocation costs dramatically impact per-
formance. Worse, a single procedure call may access
millions or billions of records (for example, selections,
projections, or aggregations); if a procedure called into
the database for each record, it would be prohibitive.

JavaScript. JavaScript has the potential to overcome
these limitations. It is safe and sandboxed, it doesn’t re-
quire hardware protections that impede domain switches,
and JIT can make compute-bound tasks fast. To see
if JavaScript will work well, we explore its overheads
through a series of microbenchmarks.

3 Microbenchmarks

Experiments are run on an Intel Xeon E5-2630 v3
(Haswell) at 2.40 GHz with 64 GB of DDR4 running at
2133 MHz (an Emulab [26, 29] Dell D430) with Ubuntu
Linux.

3.1 Installation, Invocation & Entry/Exit Costs

Each procedure mechanism incurs three forms of invoca-
tion overhead: the cost to compile/install a procedure, the
cost to invoke the procedure, and the cost for the proce-
dure to invoke database functionality. We do not consider
garbage collection costs, since short-lived invocations
will not be interrupted, which can support an inexpen-

Native

JavaScript

Overhead: JS enter+exit 196 ns JS to Native call+ret 31 ns

en
te

r call re
t call re
t

ex
it

var chase = function (key) { return get(get(key)); }

Figure 1: The chase procedure requires six runtime crossings.

Context Code Context

Mechanism Creation Compilation Switch

v8::Context/JS 889 µs 427 µs 98 ns

Processes/C++ 763 µs 58,000 µs 1,121 ns

VMFUNC1/C++ - 58,000 µs 138 ns

sthreads2/C++ 2 µs 58,000 µs 150 ns

Table 2: Installation and context switch cost; 1. VMFUNC only

includes the cost of the instruction, not the full context switch;

2. sthread times are from [3].

sive, stack-like allocation strategy. To better understand
these costs, we first test a no-op JavaScript procedure
(function () {}) invoked from a C++ host processs.

Creating a new context in the V8 runtime takes 889 µs,
which takes 17% longer than forking a separate process
for isolation. This is a one time cost that has little impact
as long as tenants can reuse contexts from call to call.
Conversely, invoking the JavaScript procedure from C++
takes 196 ns; whereas, invoking a procedure in another
hardware-protected process takes 2×1,121 ns (§3.2). So,
JavaScript is 11.4× faster on this key metric.

More importantly, procedures must be able to invoke
database routines to access data; a no-op C++ function
can be called from JavaScript in just 31 ns. This is critical
for functions that touch millions or billions of records
scattered across gigabytes of RAM. Hardware protection
would be 72× slower than using JavaScript, since it re-
quires thousands of cycles per record access.

For example, Figure 1 shows a simple procedure that
fetches one value based on the contents of another. In
addition to the cost of procedure invocation, this proce-
dure must call into the database and back twice. Using
processes for isolation requires six OS context switches
(entry and exit for the procedure and two gets) at 1,121 ns
for a total of 6.7 µs. Boundary crossing overheads alone
increase the time it would take to process such a request
by 26× compared to using JavaScript, which only re-
quires 258 ns (196 ns for invocation and 31 ns for each
database routine).

3.2 Isolation

In V8, many applications can safely share a single runtime
instance; to do this, each application allocates its own con-

text, which is passed to the runtime on invocation [14].
Hosts of V8 can multiplex applications by switching be-
tween contexts, just as conventional protection is imple-
mented in the OS as process context switch. We compared


