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Technology Scenarios

Innovation-Enabled Technology Pipeline is Full
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Our limit to visibility goes out ~10 years
G. Hendry, K. Bergman, “Hybrid
On-chip Data Networks”, U
HotChips-22, Stanford, CA —
Aug. 2010

0
2004 2006 2008 2010 2012 2014 2016
0.1 Failures per socket per year:

3-D Tri-Gate transistors form conducting channels on three sides

of avertical fin structure, providing “fully depleted" operation g PaW|OSk|, May 2011, Exascale Seminar, Ghent

Transistors have now entered the third dimension!
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Working Hypothesis

Tera-transistor chips?

Challenges:
— (at least)
programmability,

complexity of design,

reliability

TERAFLUX context
— High performance
computing and
general-purpose

applications

TERAFLUX scope

— Exploiting dataflow
principles at every
level of abstraction



DATAFLOW

A scheme of computation in which an
activity is initiated by presence of the
data it needs to perform its function

Jack Dennis
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Dataflow Threads

void pipe.entry(){

vm:d pipe (){ fp_1 = tcreate(pipe.l, 0, sz);
int a = 10; fp 2 = tcreate(pipe.2, 1, sz);
int ¢ = a*b; fp 1->fp 2 = fp 2;

} }

] ] void pipe.l (){
pipeline cfp = tget_cfp();
thread: pipe.1 | fp_2 = cfp->Tp_2;
frame: fp_1 thread 1 int a = 10;

SC: 0 producer fp 2->a = a;
inta=10; | tdecrease (fp_2);

5 }

void pipe.2 (){

thread: pipe.2 ctp = tget_ctp();
frame: fp_2 thread 2 a = cfp->a;
SC: 1 - consumer cC = a*a;
intc = a*a; }
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Pillars

COMPATIBLE WITH EXISITING ISAs (x86)
MANYCORE FULL SYSTEM SIMULATOR (COTSon)
REAL WORLD APPLICATIONS

BEYOND DATAFLOW: TRANSACTIONAL MEMORY

EFFICIENCY AND PRODUCTIVITY LANGUAGES:
C+PRAGMAS, SCALA

GCC-BASED TOOL-CHAIN

OFF-THE-SHELF COMPONENTS FOR CORES, OS, NoC,
MEMORY HIERARCHY

FDU AND TSU: Fault Detection Unit and Thread
Scheduling Unit
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MEMORY [l MEMORY DEVICES TERAFLUX Architectural template

n
m

# of nodes Nk = k-th Node (1..n)
# of cores per node NI = Network Interface
NoC = Network on Chip

Cj = j-th core (j=1..m)

MC = Memory Controller

DTSU = Distributed TSU

DFDU = Distributed FDU

LL$H = Last Level Cache Hierarchy

CU$H CL$H = Core Level Cache Hierarchy
PU = Processing Unit

LTSU = Local TSU

LFDU = Local FDU

CHIP LEVEL

Core level HW

support
(LTSU+LFDU)

CORE LEVEL
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Operating System
Low Level Core/Memory Map

Cores View Memory View

CPU CPU

Fﬂ'
= Shared

Each CPU can access it’'s private memory
All shared memories can be accessed as
one virtual linear address space by the DMA
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Programming Models
StarSs Example: Gauss-Seidel

#pragma css task input(a{0}{1:L}, a{L+1}{1:L}, a{1:L}{0}, a{1:L}{L+1}) inout(a{1:L}{1:L})
void gauss_seidel (double al[N][N]) {
for (int i=1; i<=L; i++)
for (int j=1; j<=L; j++)
ali]l[j] = 0.2 * (alil[j] + ali-1]1[(j] + ali+1]1[j] + alill(j-1] + alil[j+1]1);
}

for (int it=0; it < NITERS; it++)
for (int i=0; i<N-2; i+=L)

for (int j=0; j<N-2; j+=L) . O L W j i
gauss_seidel (&datali] [j]); “H\ N
ES |
B input
{L+1} 1 inout

! Josep M. Perez, Rosa M. Badia, and Jesus Labarta. 2010. Handling task dependencies under
strided and aliased references. In Proceedings of the 24th ACM International Conference on
Supercomputing (ICS "10). ACM, New York, NY, USA, 263-274.
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Programming Models
OMPSs framework, StarSs language

Muiltifile
l |

o VP Manox _Device
C/C++ frontend |— pCec;e > Nanox 4,‘ ‘ SOTILEE

l |
Device native Device native
compiler compiler

Nanos++ o .
Linking |+— Embedding

Final executable
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Programming Models
Evolution of HMPP

* CAPS HMPP Workbench for TERAFLUX

— TERAFLUX as a manycore accelerator device
— Automatic offloading, management of the memory hierarchy
— Loop transformations for codelets (task-level)

 Evolution of HMPP

Direct codelet-to-codelet communication
Collection-based parallelism with a map operator on codelets
OpenHMPP consortium

_gpen
“E=NMPP
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[HiPEAC'11]
TERAFLUX

Programming Models
Streaming OpenMP

Data par- OpenMP 3.0 Task parallelism

allelism

Dependent
tasks

TERAFLUX Review Meeting, March 29-30 2012
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Programming Models

Streaming OpenMP to dataflow execution model

int pred_burst = ..., cons_burst = ...;
int x, prod_view[prod_burst], cons_view[cons_burst];

#pragma output (x >> prod_view[prod_burst])
prod_view[0..prod_burst-1] = ...;
#pragma input (x << cons_view[cons_burst])

. = cons_view[0..cons_burst-1];

J Dynamically resolve flow dependences between task activations J

prod_view — —
tl | synchronization_ counter; synchronization_counter;

L |
tl t2 Computed access indexes view_t prod_view; \\(F view_t cons_view;

LI ]

Stream "x

(1Y QY P
t2 | synchronization_counter;

J—_//I/ -
cons_view LT
- view_t prod_view; ——
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Compilation for Dataflow Threads
Automatic DF Thread Extraction

= B o o
C source files _
.4 - Code Code target Runtime
or > Compjler' > |data flow ™| library
Input | (GCC middle end) (Generation | i qatafiow | fAr9et1 | pasedon ~ v
fextract-df-thread builtin functions OpenMp task
d:C;bh.C
C sourée files control dependence
with annotation scalar dependence
_ array dependence @
EXDFESSIVE}HESS TEST on
¥ implemented Compiler — s |pata flow
@ to implement (GCC backend) | target2|architecture
-mdta asm files
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AMD SIMnow and COTSon

| Drag Icons to insert new devices Shift+drag to add connections

creating device #i4 .
: creating device #5 “Memory Device [”] Show Deprecated Derices

: creating device #6 "Winbond W83627HF SIO"

: creating device #7 "SMB Hub Device"
creating device #8 “PCI Bus" . .
creating device #9 "Debugger" 'x AMD Bth Generation Integrated Northbridge
creating device #18@ "AweSim Processor”

: creating device #11 "AweSim Processor

: creating device #12 "AMD-8132 PCI-¥ Controller

: creating device #13 "AMD-8151 AGP Tunnel"

: creating device #14 "PCI Bus"

: creating device #15 "PCI Bus

: creating device #16 "Emerald Graphics™
allocate map memory

: creating device #17 "PCA?548 Devi

: creating device #18 "AT24C Devic

: creating device #19 "fiweSim Processor

: creating device #28 "fiweSim Processor

: creating device #21 "fiweSim Processor m -

: creating device #22 "fiweSim Processor ! AT24C Device

: creating device #23 "fAweSim Processor

: creating device #24 "AweSim Processor™
creating device #25 “Intel(R> Pro- 1888 MI-/PT I

m »G
B AMD-81111/0 Hub D 8th Generatia
i Integrated Northbridge
B AMD-8131 PCI:X Controller H7 iy -
Dimm B3riiegmER

RE AMD-8132 PCIX Controller

EE AMD-2151 AGP Tunnel

N ATI Radeon HD 3870

info:
BSD Load completed?

Aﬂ ATI ROT30/RD780/RX7T80 Host Bridgs Turnel &
Y. | [|7H-RS780/R5830 Host Bridge Tunnel
| [|ATI-SBE00 /0 Hub

| [ |ATI-SB700 /0 Hub

| [|ATI-SB200 /0 Hub

AweSim Processor

Debugger

p (Jeneration
egrated Northbridge

’Deerhound RevB QuadCore Socket L1
AMD #2

lﬁDimm Bank Sim Processor #1

] H !Emerald Graphics 1Y DEbuiEfr #41

Intel(R) Pro/1000 MT/PT Desktop Network Adapte 1 [
AMD-8157 AGP TunngiME Hub
#43

3 AweSim Processor #0

B
evice H39 Al-8132 PO 5 HA4

M7 7 Controller #42
=m ITE IT8712 510
## LTC4306 Device . @ P!C‘ Bus #45
i Matroe(H) MGA-G4x0 Graphics Adapter - [T AR ). im.. R N T
. |’nm e DntsD b Al Sl 11 (Centinel VxD: ApVxdWin.exe - Unable

F TERAFLUX YEAR-2 REVIEW Meeting,
rERA LUX Siena 29-30 March 2012



Example: 1024 cores setup

DL-Proliant DL585 G7
AMD Opteron 6200
4 sockets, 64 cores total

256M DRAM per core

r
A

1TB DRAM

1B - RAM ___64-OPTERONCORES
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o | |
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[ERAFLUX

U ¥RA-Bd PHYSICAL CORE

TERAFLUX System instance
AMD Opteron-L1 JH-FO (800Mhz)
64 nodes, 16 cores each, 1024 cores total
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COTSon+QSIim+McPAT

McPAT
QSim
Power Estimat}én
------------------------- .:/ “ "4 T
COTson | F¢inctional Emulation ||| | Timing Simulation
E = I co [0 ; ; co .- =
Qsim/SimNow n mQ | E"" 0 n
:- ------------------------ i i % ;JS 9 amn | E nnm ;JS 9 ;CU)
\ = o " Ik : om _‘- =<
'\ | cn b 5= L1,| Cn
Host Platform | E | |
\ ' | DISK NIC - ' DISK NIC
BN Y lllQueuesi{ % %
\\ 7
Nodes ﬁl
TERAFLUX YEAR-2 REVIEW Meeting,
ERAFLUX eeting

Siena 29-30 March 2012



Running Graph500 on 1024 cores (64x16)

(m N2 po

3 Applications Places System

L2 1137 IEX2) LSEE
Tue Nov 1, 6:37PM

portero@tfx2: ~/cot: .9.0/sr pl aph500 =)o) (= =

linpack Ni L6p.in

File Edit View Search Tools Documents Help

File Edit View Search Terminal Help
[| B open v HEsave | & =) Undo
Iu linpack_NAS_16p.in ||| graph500.sh
CUPY_TITCS pTETIAS TUG: s eUss LISt T s
debug=true

control_script_file='48nodes-ctrl
-- clean_sandbox=false

EXP=65 --37
cluster_nodes=65 --37
----vncserver :4 --in the terminal

display=
----vncviewer tfx2:4 --in the terminal

--options = { --With this values simulation resets each long period of time, I do not know why. toni 69 02 2011. I
increased functional 1806008M
-- Uncomment to run longer and skip 20ems
fastforward="200000000000000000M" ,
max_samples="500000000000000008" ,
--max_samples="5",
-- sampler={ type="interval", functional="9700000000000000000k", warming="1000k",
simulation="2000000000000000000k" },
-- heartbeat={ type="file last", logfile="mem_48nodesToni.log" },

0 VNC: tfx2:24 (portero)

=] portero@tix2: ~ Gl
File Edit View Search Terminal Help =
portero@tfx2:

MCAST=o0s.date("%d"')+os.date('%H')+0s.date( %M )+os.date( %S")
mediator = {

File Miew SpecialKeyboard Help

Al [ E [ o [ a8 . [ a Ia multicast_ip="239.200.1."..MCAST,
quantum_min=18,
quantum_max=1088,
heartbeat_interval=10000, -- 16msec
heartbeat={ type="file last" },
-- heartbeat1={ type="sqlite", dbfile=DBFILE, experiment_id=EXP },
slirp=false, -- don't NAT with the external world
--timer= {

[Numeric Display(s)

simulate Secondary Display:
66,0108 0 master read
53441 0 master written

o 0 slave read

—m ) ) 0 slave written 4 type="noxim",
2 Miks H PIO/DMA mode H PIO/FIO mode -- noxim ex; home/concatto/cotson-0.9.0/src/exanpleLinpackNAS/noxim exe",

noxim_log="/home/concatto/cotson-0.9.8/src/exampleLinpackNAS/noxim.log",
noxim_dimx=4,

-- noxim dimy=4,

el noxim_path="/home/concatto/cotson-6.9.6/src/exampleLinpackNAS"

15.399491

P e a— timer={ ty;e:"sl‘wle", max_bandwiqth:m@@, latency=12, cfactor=10 },
et tracefile="/tmp/net-trace.gz", -- dump a trace
slirp=false, -- don't NAT with the external world

15.749489 }

BFS 8 is 379.979661 options = { --With this values simulation resets each long period of time, I do not know why. toni €9 82 2011. I increased

1040.22 functional 1086608M

-- Uncomment to run longer and skip 208ms
12.559491 fastforward="200000000000000000M" ,
max_samples="500000000000000000" ,
BFS 9 is 375.249660 --max_samples="5",

samﬁler:{ type="interval”, functional="9700000000000000000k", warming="1000k",
simulation="2000000000000000000k" },
heartbeat={ type="file last", logfile="mem 48nodesToni.log" },
¥

ITEPS for BFS 10 is 1295.15
e . .

RELEASE key: QkKey:1000004 scancode=0xi c

FOAAinG |

simnow. c unction()
use_bsd('16pSlave HOD teraflux_4b.Graph56.img.bsd')
use_hdd(' 16pSlave HDD_teraflux_4b.Graph560.img.bsd")
--use_hdd('teraflux-v4b.carol.ing',1, 'slave’)
--use_hdd('Slave_HDD_MP.img',1, 'master") (=)

Lua v TabWwidth: 8 Ln18, Col 13

FERAFLUX



TERAFLUX Impact

* “To increase and accelerate the impact of FET
research projects by cooperating with non-EU
partners of excellent global standing. It targets the
extension of ongoing FET projects with
complementary research activities in which
collaboration with non-EU research partners brings
significant added value”

 EC has approved a TERAFLUX extension for an
additional partner (U. of Delaware - Prof.
Guang Gao) - 420,000 EC funding
— Period from April 1st 2012 to December 31st 2013
— Aligned with TERAFLUX “timetable”

FERAFLUX



FUTURE AND SEVENTH FRAMEWORK

EMERGING PROGRAMME
TECHNOLOGIES FET proactive 1 (ICT-2009.8.1)

PROJECT N. 249013 Concurrent Tera-Device Computing

COOPERATION

TERAFLUX

Exploiting dataflow parallelism in
Teradevice Computing

http://teraflux.eu
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