
The Future of HPC at SGI:Early Experiene with SGI SN-1Stephan Seidl, Wolfgang E.Nagel and Holger BrunstCenter for High Performane Computing (ZHR)Dresden University of TehnologyD-01062 Dresden, GermanyE-mail: fseidl j nagel jbrunstg�zhr.tu-dresden.deAbstratIn 1996, SGI introdued the Origin2000, an innovative and powerful omputer arhiteturewhih enables shared memory appliations to run on a very large number of nodes. Basedon NUMA, today up to 512 CPUs an operate on a global address spae. After the mergerwith Cray Researh In., SGI had a lot of experiene with CRAY T3E, also introdued in1996. The T3E has been one of the very suessful examples where a MPP arhitetureis used to eÆiently solve many problems in the sienti� tehnial market. Even today,roughly half of the 50 fastest omputer systems are still CRAY T3E mahines (Top500 listfrom November 1999).Within SGI, the next generation of superomputers Origin3000 (ode name SN-1) has beenannouned. This mahine looks very muh like an Origin2000. Nevertheless, it is promisedthat this mahine also has quite some features from CRAY T3E. At TU Dresden, we havea strong interest in the SN-1, and we were able to run some odes on this new mahine; upto 32 nodes in Mountain View at the end of May 2000. Besides kernel and ommuniationtests, we also looked deeply into the run time behavior of real appliations from �ve of ourend users.1 IntrodutionIn 1998, after the ommerial merger, we studied the SGI Origin2000 and the CRAY T3E600/900 [13℄, onluding with ertain wishes related to the produt merger result. SGI, nowalone again, just now has announed the Origin3000. Hene, this new mahine is to bedisussed with respet to our visions of the past. Dresden University of Tehnology (TUDresden) will get an Origin3000 in August 2000 with 64 400 MHz MIPS R12k proessors and32 GBytes of memory.The Origin3000 is a onsequent suessor of the Origin2000. As promised, Origin2000 bina-ries run on the Origin3000 without reompiling them and of ourse with better performane.The most important points inherited from the T3E are a lot of software and the understand-ing that a superomputer operating system annot only be a standard Unix with graphialenhanements. IRIX 6.5, as the ommon operating system for both generations, has made im-portant steps to ontrol the ompliated situation of large shared memory appliation servers.In most ases, Miser guarantees the high-priority exeution of prodution jobs against inter-ative loads under UNIX-like resoure management. Nevertheless, both IRIX and Miser stillhave to be further improved to ensure that the urrent job sheduling system an enfore itsplan of ation under all irumstanes. 1



2 SN-1 MIPS Arhiteture OverviewThe Origin3000 belongs to the family of multiproessor distributed shared memory omputersystems. Its MIPS variant will have up to 512 ahe-oherently working MIPS proessorsin a global address spae. Four proessors, with 8 MBytes of seond-level ahe eah, areonneted to a so-alled Bedrok ASIC. This Bedrok ASIC works as a rossbar between thetwo CPU pairs, the loally mounted memory, the router entry/exit ports and a full-duplexI/O port. All the desribed omponents have their plae in a 19 inh unit, this is the C-Brik.Four C-Briks an be onneted to an 8 port router, a 19 inh R-Brik, so that 4 router portsremain available to build up an extended hyperube topology. There are also a lot of otherbrik types for power supply, disks, and other I/O.The MIPS R12k proessors are similar to their predeessors, the R10k proessors. The R12kproessors run at 400 MHz. They are able to exeute two oating-point operations per yle.Eah proessor has a 32 KBytes two-way set assoiative primary data ahe and a 32 KBytestwo-way set assoiative instrution ahe. As in the Origin2000, a diretory-based protool isapplied for ahe ohereny, using extra memory hardware whih is not aessible to the user.If one puts all the rates, throughputs and bandwidth data from [15℄ and [16℄ together, thefollowing result is obtained. All three have been doubled inside a C-Brik. Additionally, theseond-level ahe apaity has now been inreased from 4 MBytes, in our Origin2000, to 8MBytes. The only ompromise that has been made is with respet to the C-Brik-R-Brikbandwidth. This bandwidth has been left at the same level, i.e. at 400 MBytes/s per CPUand diretion. It is diÆult to guess whether this ompromise disturbs a given appliation,sine a speed redution is only visible when every CPU tries to aess remote memory at thesame time. At least the program kernel from [4℄ an show some performane di�erene one.g. 8 proessor Origin3000 systems with either 2 CPUs per C-Brik, or with 4 CPUs perC-Brik, respetively.To provide real-time information, there are also separate wires in the Origin3000, as in theT3E. The method to aess real-time is the same as for the Origin2000. The basi idea is tomap a 64 bit ounter into the user's address spae via mmap(). During the measurementsin Mountain View in May, a real-time timer monotoniity problem ourred oasionally.Deteted with the help of VAMPIR [6℄, it was found that exatly one CPU pair sometimeshad a time o�set, with a ouple of milliseonds di�erene. The problem stemmed from thePROM ode and was �xed immediately. At the same time, one of our old wishes had beenful�lled, the timer resolution had been inreased from 800 ns to 50 ns [9℄.3 Performane Studies on SN-1 MIPS3.1 PE PerformaneFor the per-PE performane, matrix multipliation behavior was studied. The results of theSN-1 are based on IRIX64 6.5.8m with F90 7.3.1.1m and C 7.3.1.1m. All the ompilers wereinvoked with -O3, whereat the SGI ompilers were under ontrol of abi=n32, isa=mips4 andpro=r12k. IEEE-754 Double-Preision was used as the oating-point format. Figures 1 and2 show the results of the T3E-600, and the are exatly the same as in [13℄. Figure 3, whih isFortran on the Origin2000, shows 30 per ent higher values than the ones we measured two2



years ago [13℄. For �ve of six index variants, the SN-1 Fortran ase reahed 90 per ent ofthe peak performane, i.e. more than 700 MFLOPS. The appropriate results for C, �gure 6,ould only be obtained with a page size of 4 MBytes, avoiding exessive TLB miss rates.
0 100 200 300 400 500 600 700

0

100

200

300

400

500

Matrix Dimension

c(
j,i

)=
c(

j,i
)+

a(
k,

i)
*b

(j
,k

) 
/ M

F
L

O
P

S

ratbert, Oct 26 16:52:07 1998

kji
kij
jki
jik
ikj
ijk

Figure 1: Fortran-oded matrix multipliationon T3E-600 with streams o� 0 100 200 300 400 500 600 700
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Figure 2: C-oded matrix multipliation onT3E-600 with streams o�
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Figure 3: Fortran-oded matrix multipliationon 195 MHz Origin2000 400 500 600 700
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Figure 4: C-oded matrix multipliation on 195MHz Origin2000
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Figure 5: Fortran-oded matrix multipliationon 400 MHz SN-1 300 400 500 600 700
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Figure 6: C-oded matrix multipliation on 400MHz SN-13.2 MPI PerformaneThe SN-1 MPI point-to-point ommuniation measurements are based on IRIX64 6.5.8m withMPI 3.2.0.7 (MPT 1.4) under abi=64, isa=mips4 and pro=r12k. For short messages, theOrigin2000 results look better than two years ago [13℄. The appropriate SN-1 performaneis higher than double of the Origin2000 performane, �gures 7{10. Furthermore, the odeof some olletive operations was optimized, in the sense that one opy operation is avoided3



when the bu�ers are symmetrially alloated. Appliation programmers should take this intoaount.
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128010247685122560Figure 10: MPI point-to-point ommunia-tion on 400 MHz SN-1, short messages withMPI Send()3.3 Performane of Real AppliationsTo study the run time behavior of real appliations, some new software had to be applied.Firstly, the TU Dresden libtrae.a, whih is only for researh purposes, developed the apabil-ity to reord hardware performane ounter values using PCL [1℄. The latter library, libpl.a,had been developed by Rudolf Berrendorf from Forshungszentrum Juelih GmbH, Germany.Seondly, to visualize appropriate results, a new prototype of VAMPIR [2℄, whih also handlestraes ontaining ounter values, was used.Espeially on SGI systems, we have the situation that the reading of a hardware ountervalue set needs to exeute an iotl() sys-all. On a 195 MHz Origin2000, one suh iotl()all takes 20 �s. On SN-1, half of this value was observed. Hene, to keep the measurementoverhead low, one has to be very areful while instrumenting the appliations. With respetto our examples, this overhead is less than one per ent. Furthermore, all the odes have beenompiled with -TARG:madd=OFF to ensure that multiply and add are both ounted separately.Our �rst user program is MBCP. This is a MPI ode whih integrates multiple integrals givenby polymer physis. If the inner integrand is suÆiently ompliated, the parallel eÆieny4



of the newly developed algorithm [3℄ is not too small and an be held onstant over a widerange of CPU numbers. Most of the ommuniation time is spend in MPI Sendrev replae().Figures 11 and 12 show traditional VAMPIR time lines for 32 proesses. On SN-1, this oderan 2.1 times faster than on Origin2000.
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Figure 11: MBCP with 32 CPUs on 195 MHz Origin2000
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Figure 12: MBCP with 32 CPUs on 400 MHz SN-15



The seond example whih is presented here is FMC, by the �rst author. FMC is a parallelode under development, to study solutions of nonlinearly onstrained nonlinear optimizationproblems, with at least piee-wise ontinuously di�erentiable funtions. Controlled by a mas-ter, eah proess sequentially yields sundry solutions, applying algorithms whih have theirroots in [5℄, [8℄ and [11℄. To improve performane, all the ritial loops had been moved intoso-alled home-brew{BLASs to be optimized aording to [12℄. Figures 13{15 show appropri-ate results. On Origin3000, the sustained oating-point instrution rate equals 200 MFLOPS,and it is less than half this value on the Origin2000 and the T3E-1200. In �gure 15, the peaksof 390 MFLOPS ome from the level-3 type loop exatly desribed in [12℄.
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Figure 13: 4 FMC major iterations on 195 MHz Origin2000
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Figure 14: 4 FMC major iterations on T3E-1200
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Figure 15: 4 FMC major iterations on 400 MHz SN-16



The third ode, SMP, has been taken from stohasti dynami optimization [10℄. Afterinitialization, the solver iteratively onverges towards a �x-point. Figures 16 and 17 showthe time lines of one proess with 3 major iterations. The dominating MPI subroutine isMPI ALLGATHERV(). Carefully expressed, one an say that the ommuniation speed doesnot sale in the same way as the CPU speed. Involving all the 32 proesses, �gures 18 and19 give the same piture. Zooming into the omputational part, e.g. �gures 20 and 21, theSN-1 is 5 times faster than the Origin2000, but the relatively slow MPI ALLGATHERV()downgrades the SN-1 overall performane gain to a fator of 3. Further investigations shouldfollow to hek whether this e�et omes from the unhanged C-Brik-R-Brik bandwidth,ompared with the Origin2000, or from the hanged topology. It should be denoted that a48 proessor Origin2000 an run a 32 proess job in quite a balaned manner, while the 64proessor SN-1 only represents a half ube. Furthermore, the Mountain View test mahinewas an inomplete 64 proessor system with slightly more than 32 CPUs.
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Figure 16: 3 SMP major iterations on 195 MHz Origin2000, one of 32 proesses
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Figure 17: 3 SMP major iterations on 400 MHz SN-1, one of 32 proesses7
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Figure 18: 3 SMP major iterations on 195 MHz Origin2000, all 32 proesses
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Figure 19: 3 SMP major iterations on 400 MHz SN-1, all 32 proesses8
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Figure 20: 3 SMP minor iterations on 195 MHz Origin2000, one of 32 proesses
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Figure 21: 3 SMP minor iterations on 400 MHz SN-1, one of 32 proessesTwo further user odes [7℄[14℄ ran on SN-1 with more than double the speed of the Origin2000.4 ConlusionAs promised, with the SN-1 SGI has given the user ommunity a good new system. As usual,it took some time to develop this mahine, and there was quite a delay in the �rst delivery ofsuh systems. Nevertheless, a lot of software improvements have made the Origin3000 into awell-balaned distributed shared memory omputer system. Our performane measurementsshow good values. In the future, the peak performane will ertainly be too low, even so thesustained performane is surprisingly good. On the other hand, we look forward to IA64 andits peak/sustained values.In 1996, the Origin2000, with its NUMA arhiteture, was a very modern system. Simplybeause this arhiteture now funtions well, it has not lost any atuality and attrativeness.Perhaps, we will begin to see some more arhitetures of this type oming into the marketsoon.Finally, we should keep in mind: Software will remain the hallenge for the future.9
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