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Virtualization technology

e Package resources

e Enforce isolation
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Virtualization technology

e Package resources
e Enforce isolation

A fundamental component
in cloud technology replying
in datacenters 39
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Computation in datacenters

3.2 ~12.8 TB data with 2,000 machines [Dean 2004]

Google
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Computation in datacenters
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Computation in datacenters

Programmers handle the complexity of
distributed communication, processing, and data
marshalling
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DVM: DISA Virtual Machine
DISA: Datacenter Instruction Set Architecture
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DVM: towards a datacenter-scale
virtual machine

DVM: big virtual machine
—General

—Scalable (1000s of machines)
—Efficient
—Easy-to-program
—Portable

“The datacenter as a computer’ [Barroso 2009]
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Why not other approaches?

MapReduce (Hadoop) - application frameworks
X10 - parallel programming languages
MPI - System calls/APIs

Increased complexity

= Partition program state (MapReduce)

= Programmer specified synchronization (X10)
= Semantic gaps (MPI)

Decreased performance

= 10X improvement is possible (k-means)

Diminished generality
m Specific control flow and dependence relation (MapReduce)
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Talk outline

e System design
e Evaluation
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DVM architecture
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DVM architecture

svallable Runner
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DVM architecture
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Runners —an example

Calculate the sums of
20,480 integers
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Calculate the sums of
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Each task sums two integers
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Calculate the sums of
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Runners —an example

Calculate the sums of
20,480 integers

Each task sums two integers

Sums results from
two runners
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Runners —an example
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Runners —an example

Calculate the sums of
20,480 integers

Each task sums two integers DVM

Scheduler

RComp | RComp | RComp | RComp RComp
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Interface between DVM and programs
* Traditional ISAs

e Clear interface between hardware and
software

 Traditional ISAs for DVM?

* vYNUMA: only for small cluster (8 nodes);

unable to fully support ltanium’s memory
semantics (mf)

* Not scalable to a datacenter
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Datacenter Instruction Set Architecture

DISA retains the generality and efficiency of
traditional 1SAs, and enables the system to scale
to many machines

Goals of DISA:

o Efficiently express logic

e Efficient on common hardware
e Easy to implement and port

e Scalable parallelization mechanism and memory
model
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DISA - instructions

add (0x100001000):q, 8(0x100001000), 0x 100000000020
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DISA - instructions

add (0x100001000):q, 8(0x100001000), 0x 100000000020

opcode
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DISA - instructions

add (0x100001000):q, 8(0x100001000), 0x 100000000020

opcode operands
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DISA - instructions

add (0x100001000):g, 8(0x100001000), 0x100000000020

opcode / operands

operand attributes:
64-bit integer
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DISA - instructions
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DISA - instructions
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DISA - instructions

* Unified operand address based on

0x100000000020 1010 €—
memory
8(0x100001000) 210 ~_| L | ,
e Orthogonality in instruction design
(0x100001000) » 800
OX100000000010K_ * Selected group of frequently used

ﬁ_-\

s Instructions for efficiency
OxlOOOOlOOQ»l 0X100000000010
U4

* Support for massive, flexible and
efficient parallel processing

\
add (0x100001000):¢, 8(0x100001000), 0x100000000020

opcode / operands

operand attributes:
64-bit integer

79



DISA - instructions

wsrucion | Operands et

Selected group of frequently used instructions

newr M1, M2, M3, M4 Create a new runner

exit Exit and commit or abort

80



DISA - instructions

nswucion | operangs__Jges

Selected group of frequently used instructions

newr M1, M2, M3, M4 Create a new runner

exit Exit and commit or abort

Instructions for massive, flexible

and efficient parallel processing




Store runner state

Programming on a big single computer

e lLarge, flat, and unified memory space
— Shared region (SR) and private region (PR) ~64 TBs and 4 GBs

Challenge: thousands of runners access SR
concurrently
A snapshot on interested ranges for a runner

— Updates affect associated snapshot => concurrent accesses

— Most accesses handled at native speed
— Coordination only needed for committing memory ranges
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Manage runners

Parent runner creates
10,240 child runners

Share data
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Manage runners

Parent runner creates
10,240 child runners Commit 10,240 times?

Share data
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Manage runners

Parent runner creates
10,240 child runners Ccom

Share data
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Manage runners
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10,240 child runners

Share data
parent
creates
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parent
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parent
creates
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Manage runners
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Parent runner creates
10,240 child runners Ccom

Manage runners

Share data

parent
creates
> created
- exit or
parent schedule | bort
commits schedulable running

parent
creates

created

) 4
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Many-runner parallel execution
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Many-runner parallel execution

Scheduler

RComp J RComp fRComp
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Scheduler
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Many-runner parallel execution

newr stack, heap, watched, fi
newr stack, heap, watched, fi
newr stack, heap, watched, fi

newr stack, heap, watched, fi
exit:c

DVM
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Many-runner parallel execution

000 ®

newr stack, heap, watched, fi
newr stack, heap, watched, fi
newr stack, heap, watched, fi

newr stack, heap, watched, fi
exit:c




Many-runner parallel execution

Create 1000s of new
runners easily and efficiently

newr stack, heap, watched, fi
newr stack, heap, watched, fi
newr stack, heap, watched, fi

newr stack, heap, watched, fi
exit:c

DVM
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Many-runner parallel execution

Create 1000s of new
runners easily and efficiently

newr stack, heap, watched, fi
newr stack, heap, watched, fi
newr stack, heap, watched, fi

newr stack, heap, watched, fi
exit:c

DVM
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Many-runner parallel execution

Scheduler
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Task dependency

Task dependency control is a key issue in
concurrent program execution

X10 — synchronization mechanisms

— Need to synchronize concurrent execution
MapReduce — Restricted programming model
Dryad — DAG-based

— Non-trivial burden in programming

— Automatic DAG generation only implemented for certain
high- level languages
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Watcher
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Watcher

schedule

N

->| running

created schedulable
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Watcher

schedule
created schedulable —> running

Newr,
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Watcher

parent
commits

schedule
schedulable —> running

created
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Watcher

memory

arent
P change

commits

schedule
schedulable —> running

created
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Watcher

parent
commits

memory

created schedulable
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Watcher

Watcher — explicitly express data dependence

— Data dependence: “watched ranges” e.g. [0x1000, 0x1010)
— Flexible way to declare dependence
— Automatic dependence resolution

parent memory

commits

created schedulable
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Watcher example

Initial value in 0x1000 and 0x1008is 0 109
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Watcher example
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Watcher example
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Watcher example
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Watcher example

_watch shared

" memory range
[0x1000, 0x1010)

Initial value in 0x1000 and 0x1008is 0 115



Watcher example

store result in 0x1000

_watch shared

" memory range
[0x1000, 0x1010)

Initial value in 0x1000 and 0x1008is 0 116



Watcher example

store result in 0x1000

store result in 0x1008

watch shared
memory range
[0x1000, 0x1010)

Initial value in 0x1000 and 0x1008is 0 117



Watcher example

store result in 0x1000

> store result in 0x1008

., watch shared
memory range
0x1000, 0x1010)

if (*((long*)0x1000) =0 &&
*((long*)0x1008) '= 0) {
/[ add the sum produced by two
/l runners together

} else {

Il create itself and keep watching

Initial value in 0x1000 and 0x1008is 0 118



Talk outline

e Evaluation
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Implementation and evaluation

e Emulate DISA on x86-64 :

— Dynamic binary translation

e Implement DVM
— CCMR — a research testbed
— An industrial testbed
— Amazon Elastic Compute Cloud (EC2)

 Microbenchmarks, prime-checker and
k-means clustering

e Compare with Xen, VMware, Hadoop and X10

Goals of DVM:
General, scalable, efficient, portable, easy-to-program
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Performance comparison — k-means on 1 node
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Performance comparison — k-means on 16 nodes
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Performance comparison — relative performance of k-means
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Scalability with data size
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General, scalable, efficient, portable, easy-to-program
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Scalability with data size
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Scalability with data size
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Scalability with data size
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Scalability with data size
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Scalability with data size
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Conclusion and future work

e DVM is an approach to unifying computation in a
datacenter

— Illusion of a “big machine” — “The datacenter as a
computer”

— DISA as the programming interface and abstraction of DVM

— One order of magnitude faster than Hadoop and X10

— Scales to many compute nodes

e Future work

— Compiler for programmers, DVM across datacenters,
etc.
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Scalability with number of nodes
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Scalability with number of nodes
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