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Novo-G Concept
 Goals

 Investigate, develop, evaluate, & showcase:

 Most powerful RC machine ever fielded for research

 Innovative suite of productivity tools for app development

 Impactful set of scalable kernels/apps in key science areas

 Project & machine name: Novo-G

 “Novo” is Latin: "to make anew, refresh, revive, change, alter," essence of RC

 “G” for Genesis (first of a series of Novo machines) or Green 

 Focus on experimental research challenges of RC spanning HPC to HPEC

 Motivations

 Design productivity is foremost need/challenge for widespread use of RC 

 Challenges accentuated as scale increases (devices, systems, apps)

 Powerful experimental testbed to support R&D addressing these challenges

 Emphases

 Performance (system), Productivity (concepts/tools), Impact (apps)

https://novog-wiki.hcs.ufl.edu/wiki/Image:Novo-Glogo.png
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Novo-G Machine

 Cluster of 24+1 servers (compute + head node)

 192 Altera Stratix-III E260 FPGAs for app acceleration

 Each w/ 768 18x18 multipliers, 254K logic elements, 204K registers, power <20W

 e.g. Per E260: 768 Integer, 192 SPFP, or 85 DPFP multipliers @ ~300MHz (Altera FPC)

 FPGAs housed in quad-FPGA PCIe x8 GiDEL boards 

 Embedded-style boards; supports both HPEC- & HPC-oriented research

 4.25GB memory attached to each app FPGA, ~ 1TB total RAM in Novo-G

 48 boards housed in 24 Linux compute servers + head node

 20Gb/s non-blocking DDR InfiniBand; Gigabit Ethernet

 26 (24+2) quad-core 2.26GHz Intel Nehalem Xeon processors w/ QPI

 Funded by U. Florida w/ generous help from Altera & GiDEL

https://novog-wiki.hcs.ufl.edu/wiki/Image:Novo-Glogo.png
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Novo-G Machine
1 head-node server with:

• 1U rackmount chassis

• Dual Xeon E5520 quad-core CPUs @ 

2.26 GHz, 4MB Cache, 5.86 GT/s QPI

• 24GB ECC DDR3, 1333 MHz

• Integrated dual-GigE ports & video

• ICH10R controller for 6 SATA drives

• 3 x 1TB Enterprise SATA2 drives

24 compute servers, each with:

• 4U rackmount chassis with 645W P/S

• Intel Xeon E5520 quad-core CPU 

• 6GB ECC DDR3, 1333 MHz

• Integrated dual-GigE ports & video

• 2 GiDEL ProcStar-III PCIe x8 cards

• Mellanox DDR InfiniBand PCIe card

• 250GB SATA2 drive

Not visible (IB & GigE switches, PDUs)

KVM/LCD unit for head node

NOTE: 2x upgrade in RC capacity (from 96 to 192 

FPGAs) in 1Q10 required NO upgrade in power & 

cooling units of Novo-G; sustainability advantage!

* Our cluster vendor is Ace Computers
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Altera Stratix-III E260 FPGA
254,400 Logic Elements
768 multipliers (18×18)
14,688 Kbits of embedded memory
50% less power than Stratix-II
65nm technology

Novo-G ProcStar-III Board (one of 48)

2×2GB = 4GB DDR2 

RAM per FPGA

PCIe x8 

interface (4GB/s)

GiDEL ProcStar-III Board
Typical frequencies 100-325MHz 
DMA channels 32
DDR2 module slots 8

120.8 mm

312 mm

JTAG for 

SignalTap

debug

NOTE: GiDEL recently added multiboard interconnect; can 

stream apps across two PS-III cards (8 FPGAs) in same server



Novo-G Performance (e.g. BioRC)
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 Needleman-Wunsch (NW), Smith-Waterman (SW), Needle-Distance (ND)
 Optimal alignment of DNA and RNA sequences (NW & ND: global, SW: local)

 Existing implementations use:
 Pipelined systolic array of PEs on FPGA

 PEs compute single column of scoring matrix 

 O(X×Y) reduced to O(X+Y)

 Addresses computational bottleneck in current/future sequence analysis
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 Novel design: Scalable systolic arrays with in-stream control

 Replace complex controller with special control data inserted directly into
input data stream

 Complex-controller performance with simple-controller overhead
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Novo-G Performance (e.g. BioRC)
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Baseline: 192∙225, length 850 Sequence Comparisons

Software Runtime: 11,026 CPU hours on 2.4GHz Opteron

# FPGAs Runtime (sec) Speedup

1 47,616 833

4 12,014 3,304

96 503 78,914

128 391 101,518

192 (est.) 270 147,013

Baseline: Human X Chromosome v 19200, length 650 Seqs

Software Runtime: 5,481 CPU hours on 2.4GHz Opteron

# FPGAs Runtime (sec) Speedup

1 23,846 827

4 5,966 3,307

96 250 78,926

128 188 104,955

192 (est.) 127 155,366

Baseline: 192∙224, length 450 Distance Calculations

Software Runtime: 11,673 CPU hours on 2.4GHz Opteron

# FPGAs Runtime (sec) Speedup

1 13,522 3,108

4 3,429 12,255

96 144 291,825

128 118 356,125

192 (est.) 77 545,751

Results on Novo-G for NW (left), SW (Center), and ND (Right). Each chart illustrates performance of a single FPGA under varying 

input conditions. Each table shows scaling performance with varying number of FPGAs under optimal input conditions.

Estimated performance on Novo-G comparable or better than biggest supercomputers on www.Top500.org

Jaguar @ ORNL: 224,162 cores – 2.4 GHz Hexacore Opterons; 6.95 MW

Roadrunner @ LANL: 122,400 cores – 3.2 GHz Cells + 1.8GHz Opterons; 2.35 MW } Novo-G Power

= 8 KW Max.
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Novo-G Energy (each of 24 servers)

Power Consumption of Each Novo-G Server
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Smith-Waterman application

Quad-core E5520 Xeon CPU

2 GiDEL ProcStar-III boards

8 Stratix-III E260 FPGAs total

40GB (17×2+6) DDR2/3 RAM

Total power of Novo-G @ max. load  8KW

156W max. power for 

2 boards, 8 FPGAs, 

34GB DDR2, fans, et al. 

@ full load on S-W app

(i.e. <20W per FPGA)
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Novo-G Tools

 Commercial and open-source tools

 Digital design tools: Altera, GiDEL, Aldec, Synopsys

 Cores and libraries: Altera, GiDEL, et al.

 High-level device design: Altera FP Compiler, 
Impulse-C, ROCCC compiler, Altera DSP Builder

 High-level system design: MPI, UPC, SHMEM

 Variety of CHREC research tools being ported to Novo-G

 Strategic design & prediction: RCML, RCSE, RAT, CMD

 High-level system design: SHMEM+, SCF

 Hardware virtualization for fast PAR: IFET

 App verification & performance analysis: ReCAP

 Proposed OpenCL over Intermediate Fabric

 Assorted kernel & app cores

Others Welcome!

ROCCC Riverside 

Optimizing Compiler for 

Configurable Computing 



Novo-G Forum

 International community research forum to showcase 

performance, productivity, and sustainability of RC at scale

 Founded in 2010, mission is to broaden visibility of RC applications

 Consists of 11 academic teams using common platform

 Each team working on new research apps and/or tools

 Each team with one or more local Novo-G quad-FPGA boards

 Remote access to big Novo-G @ Florida for large-scale runs
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• Boston U. (M. Herbordt) [US]

• Clemson U. (M. Smith) [US]

• U. of Florida - CHREC (A. George, H. Lam, G. Stitt) [US]

• George Washington U. - CHREC (T. El-Ghazawi) [US]

• U. of Glasgow (W. Vanderbauwhede) [UK]

• Imperial College (G. Constantinides, C. Bouganis) [UK]

• Northeastern U. (M. Leeser) [US]

• Federal U. of Pernambuco (M. de Lima) [Brazil]

• U. of South Carolina (J. Bakos) [US]

• U. of Tennessee (G. Peterson) [US]

• Washington U. in St. Louis (R. Chamberlain) [US]



Conclusions

 CHREC has developed and deployed world’s 

most powerful RC supercomputer for research: Novo-G

 192 high-end FPGAs with ~1TB memory in 24 servers (+1 head node)

 High-density RC (app/task can stream across up to 8 FPGAs)

 Memory-centric RC (4.25GB directly attached to each FPGA)

 Novo-G supports multiple projects in NSF CHREC Center

 In direct support of industry/government partners

 CHREC and Novo-G enabling community forum

 Novo-G Forum: 11 academic teams

 Focus: apps/tools research with common, scalable platform
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