System Architecture

Stanford Streaming Supercomputer
System Architecture

Principal Investigator : William J. Dally

Accelerated Strategic
Computing Initiative

Ujval Kapasi Mattan Erez Nuwan Jayasena '
Memory System . | . . Interconnection Network, I/
O y y Abhishek Das Timothy Knight Ben Serebrin O O O 4 O
Architecture Jung Ho Ahn Network Architecture & Topology
‘ L SRF J A ] _ Backplane 0 Backplane 31
| Mpmory Systdn Supports stream The Streaming Supercomputer provides two orders of Board 0 Board 31
Address Reorder processors and scalar magnitude more global memory bandwidth per dollar than Total PorNode | | | Nt |...| Node Node || Node
54 GB/e A pProcessors clusters of servers ($4 per M-GUPS,). } }
y 2 2 2 2
(Request Switch) (‘Return Switch ) ream h mbplifi . . . 320GB/s 20GB/s ><f f ><Z T
N i i ite(:orycggnzvii dfh fsf Stream instructions such as load, store, and fetch & add hide i l
| . . . . . Router ces Router Router cee Router
S accessing streams with {atency l?y ISsuing a stream Qf memory op.erat/ons with a single K 3 0 2
I es temporal locality instruction. The memory, interconnection network and 1/0O aTE SGRIS :>$%%<:
“DRAW 16 GB/s of sustained Interface of the streaming supercomputer system are designed e Tt
] memory bandwidth fo achieve hlgh bandwidth. . B7 B24 B31
,t 16 ‘I' 16 ,1' 16 % 16
16 GB/s . -
Off-chip DRAM Provides flat memory bandwidth OFIEO|  [OE/EO OF/EO| | OF/EO A
within a board 40TB/s 2.5GB/s ; 16 ; 16 L ; 16 : 512
Micro-Architecture . e Supports 2.5GB/s per-node bandwidth over OE,EO OE,EO OEtEo OE,EO OE,EO
For Stream Load instruction A N arA o global network ' ‘\ ;<: '
Address generator converts stream load instruction into a number of l l l '}'emm'y Systefr‘ Conservative technology assumptions - 5
indi;/idual word Ioad.requestsl - §tridi or indexed address, and nddress | | Address Reorder Reorder Gb/s links, existing connectors R°“ter Rg‘;f;r o R;;fjr
performs segmentation translation (1) Generator | | Generator Buffer Buffer Uses a folded Clos topology with concentration System Interconnect Network
All requests are routed through a request switch that directs those to 4 4 j, 4 ], 4 A _ _
. 8 :2:1-Dboard : backplane : system
one of eight stream cache banks (2 3) ( = . e — S
eques WILC eturn switc 1 _ 1 1
If the data is in stream cache, the request goes back to return switch ‘ Tolerant of single-point network failure
(B1 B6). If not, forwarded to DRAM interface or Memory Network \\Q |}<Q |/ y 1y —HOCE 1 _
interface by the address value. (B1 B4 B5 B6, B1 N1 B6) Steam 1 Stream ] | Memory | | |nput / Output i i - Externa
Reorder buffer receives the returning requests out of order and aligns 'ia"k f“ 'ia“k Z | interface 13 . ) g
those to deliver back to SRF (5 6) 11/4 11/4 11/4 11/4 Interfaces to industry standard I/O XAl
. . . \
-chi > Y
Fetch&Op unit is used for the operations such as fetch&add, orenip PRAN Switches dewces.wa a 10 Gbit Ehternet Node 0 @2 Routor—
\ Stream Cache Bank (XAUI) interfaces on each SSS oce — % 2
add&store and compare&swap ! o e — > Backplane
Stream | | Fetch&Op router o @ > B >
Cache Unit . . -
Memory System Featu res I I 2.5Gbit/s I/O bandwidth per node  node 15 -
8 g 63 59 (40+n1-n0) 0 DRAM DRAM Memory
ccg = | SegNum | reserve e r . . . ] Network
L3N - 1 - gfdd 1 Segmentation allows running several jobs '"te';fa“e “*"':“e " Interface Future Research
l%, (40+n1-n0) n1(n1-1y n0(n0-1) 0 :
N PhysOfftii_| NodeOff | PhysOffLo simultaneously %ff-chip PRAM Determines global bandwidth demand of applications
- l ) Cache and Memory state bits for

Compares Network topologies and determines the most efficient one for SSS

PhysOff

coherency

Evaluates Network Technology - develop cost/performance model for emerging

Synchronization - Fetch&Add, Compare&Swap and memory mapped message electronic and optical link technology

sendin
50 0 ’ Investigates request combining to reduce network overhead

pa:[ Node | reserved PhysAddr Integer and Floating point Add&Store for reduction operations

SR[SegNum]

Phys | Node
Len | Base

69 68 6463 5049 4443 3837

Cache

Identify bottlenecks and required queuing in memory system



