P erformance Ev aluation of the Hitac hi SR8000 Using Op enMP Benc hmarks Daisuk e T ak ahashi, Mitsuhisa Sato and T aisuk e Boku Cen ter for Computational Ph ysics, Institute of Information Sciences and Electronics, Univ ersit y of Tsukuba 1-1-1 T enno dai, Tsukuba-shi, Ibaraki 305-8577, Japan f daisuke,msato,taisuke g @is.tsukuba.ac.jp Abstract. This pap er rep orts the p erformance of a single no de of the Hitac hi SR8000 when using Op enMP b enc hmarks. Eac h pro cessing no de of the SR8000 is a shared-memory parallel computer comp osed of eigh t scalar pro cessors with pseudo-v ector pro cessing feature. W e ha v e run the all of the SPEC OMP2001 Benc hmarks and three b enc hmarks (LU, SP and BT) of the NAS P arallel Benc hmarks on the SR8000. According to the results of this p erformance measuremen t, w e found that the SR8000 has go o d scalabilit y con tin uing up to 8 pro cessors except for a few b enc h- mark programs. The p erformance results demonstrate that the SR8000 ac hiev es high p erformance esp ecially for memory-in tensiv e applications. 1 In tro duction Op enMP [1] has emerged as the standard programming mo del for shared-memory parallel programming. The Op enMP Application Program In terface (API) sup- p orts m ulti-platform shared-memory parallel programming in C/C++ and F or- tran on all arc hitectures, including Unix and Windo ws NT platforms. Man y computer hardw are and soft w are v endors ha v e endorsed the Op enMP API and ha v e released commercial compilers that can compile an Op enMP par- allel program. Hitac hi supp orts an Op enMP compiler [2] that generates nativ e co des for the Hitac hi SR8000. The purp ose of this pap er is to ev aluate the p erformance of Op enMP b enc h- mark programs on a single no de of the Hitac hi SR8000. Although a large system of Hitac hi SR8000 ma y con tain sev eral no des whic h is connected b y their high- sp eed net w ork, w e restrict ourselv es to a single no de in this pap er. A single no de of the SR8000 is considered as a shared-memory parallel computer com- p osed of eigh t scalar pro cessors with pseudo-v ector pro cessing feature [3{7]. The automatic parallelizing compiler is pro vided to p erform parallelization for the shared-memory m ultipro cessors within eac h no de of the SR8000. W e c hose the SPEC OMP2001 Benc hmarks [8] and the Op enMP v ersion of NAS P arallel Benc hmarks (NPB) [9] for p erformance ev aluation. SPEC OMP2001 is SPEC’s �rst b enc hmark suite for ev aluating p erformance of Op enMP applications. Aslot et al. [10] ha v e presen ted this b enc hmark suite and describ ed issues encoun tered in the creation of the Op enMP b enc hmarks.

2 Daisuk e T ak ahashi et al. In addition, some SPEC OMP2001 b enc hmark results ha v e b een presen ted [10{ 12]. Some p erformance c haracteristics of the SPEC OMP2001 Benc hmarks ha v e b een also rep orted [10, 12]. The NAS P arallel Benc hmarks (NPB) [9] w ere designed to compare the p er- formance of parallel computers and are widely recognized as a standard indicator of parallel computer p erformance. While the MPI v ersion of NPB is a v ailable in public, its Op enMP v ersion PBN (Programming Baseline for NPB) [13] is still restricted only for researc h. W e parallelized NPB2.3-serial v ersion b y using Op enMP directiv es. W e ha v e c hose some b enc hmark programs from the NAS P arallel Benc hmarks 2.3-serial v ersion on the SR8000. The rest of the pap er is organized as follo ws. Section 2 describ es the SPEC OMP2001 Benc hmarks. Section 3 describ es the NAS P arallel Benc hmarks. Sec- tion 4 describ es the Hitac hi SR8000 arc hitecture and its unique features. Section 5 giv es the p erformance results. In section 6, w e presen t some concluding re- marks. 2 SPEC OMP2001 Benc hmarks The SPEC OMP2001 [8] b enc hmark suite consists of 11 large application pro- grams that represen t the t yp e of soft w are used in scien ti�c tec hnical computing. All applications, except for gafort , are oating-p oin t applications tak en di- rectly from the SPEC CPU2000 b enc hmark suite. Eac h application is either automatically or man ually parallelized b y inserting Op enMP directiv es to mark parallel regions of the co de [10]. Eac h b enc hmark requires up to 2 GB of memory at run time and runs for up to 10 hours on a mo dern single pro cessor system. Wupwise (W upp ertal Wilson F ermion Solv er) is a program in the area of lattice gauge theory (quan tum c hromo dynamics). Lattice gauge theory is a dis- cretization of quan tum c hromo dynamics, whic h is generally accepted to b e the fundamen tal ph ysical theory of strong in teractions among quarks as the con- stituen ts of matter. Quark propagators are obtained b y solving the inhomo- geneous lattice-Dirac equation. The wupwise solv es the inhomogeneous lattice- Dirac equation via the BiCGStab iterativ e metho d, whic h has b ecome estab- lished as the metho d of c hoice. Its F ortran source co de is 2200 lines long. Swim is a w eather prediction program. The mo del is based on the dynamics of �nite-di�erence mo dels of the shallo w-w ater equations. Its F ortran source co de is 400 lines long. Mgrid is a v ery simple m ultigrid solv er that computes a three-dimensional p oten tial �eld. SPEC adapted it from the NAS P arallel Benc hmarks, with mo d- i�cations for p ortabilit y and a di�eren t w orkload. Its F ortran source co de is 500 lines long. Applu is a solution of �v e coupled nonlinear PDE’s, on a 3-dimensional logi- cally structured grid, using an implicit pseudo-time marc hing sc heme, based on t w o-factor appro ximate factorization of the sparse Jacobian matrix. Its F ortran source co de is 4000 lines long.

P erformance Ev aluation of the Hitac hi SR8000 Using Op enMP Benc hmarks 3 Galgel is a particular case of the GAMM (Gesellsc haft fuer Angew andte Mathematik und Mec hanik) b enc hmark dev oted to n umerical analysis of oscil- latory instabilit y of con v ection in lo w-Prandtl-n um b er uids. Its F ortran source co de is 15300 lines long. Equake sim ulates the propagation of elastic w a v es in large, highly hetero- geneous v alleys, suc h as California’s San F ernando V alley , or the Greater Los Angeles Basin. Computations are p erformed on an unstructured mesh that lo- cally resolv es w a v elengths, using a �nite elemen t metho d. Its F ortran source co de is 1500 lines long. Apsi is a program to solv e for mesoscale and synoptic v ariations in p oten tial temp erature. Its F ortran source co de is 7500 lines long. Gafort computes the global maxim um �tness using a genetic algorithm. Its F ortran source co de is 1500 lines long. Fma3d is a �nite elemen t metho d computer program designed to sim ulate the inelastic, transien t dynamic resp onse of three-dimensional solids and structures sub jected to impulsiv ely or suddenly applied loads. Its F ortran source co de is o v er 60000 lines long. A rt (Adaptiv e Resonance Theory) is neural net w ork, whic h is used to recog- nize ob jects in a thermal image. Its C source co de is 1300 lines long. A mmp (Another Molecular Mo deling Program) runs molecular dynamics (i.e. solv es the ODE de�ned b y Newton’s equations for the motions of the atoms in the system) on a protein-inhibitor complex whic h is em b edded in w ater. Its C source co de is 13500 lines long. 3 The NAS P arallel Benc hmarks The NAS P arallel Benc hmarks (NPB) w ere designed to compare the p erformance of parallel computers and are widely recognized as a standard indicator of com- puter p erformance. The NPB suite consists of �v e k ernels and three sim ulated CFD applications deriv ed from imp ortan t classes of aeroph ysics applications. The �v e k ernels mimic the computational cores of �v e n umerical metho ds used b y CFD applications. The sim ulated CFD applications repro duce m uc h of the data mo v emen t and computation found in full CFD co des. Details of the b enc h- mark sp eci�cations can b e found in [9], and the MPI implemen tations of NPB are describ ed in [14]. In this pap er, w e used three b enc hmarks (LU, SP and BT) from the serial v ersion of NPB2.3. W e parallelized the b enc hmarks using Op enMP directiv es. The LU b enc hmark solv es a �nite di�erence discretization of 3-D compressiv e Na vier-Stok es equations through a blo c k-lo w er-triangular blo c k-upp er-triangular appro ximate factorization of the original di�erence sc heme. The LU factored form is cast as a relaxation and is solv ed b y SSOR. SP (Scalar P en tadiagonal) equations and BT (Blo c k T ridiagonal) equations form the basis of the 3-D CFD applications. Both are b enc hmark programs to solv e partial di�eren tial equations, with SP based on the �nite di�erence metho d

4 Daisuk e T ak ahashi et al. Fig. 1. Arc hitecture of the SR8000 system (Scalar ADI iteration), and BT based on the �nite di�erence metho d (5 � 5 blo c k ADI iteration). 4 Arc hitecture of the Hitac hi SR8000 The Hitac hi SR8000 System is a distributed-memory parallel computer whic h consists of pseudo-v ector SMP no des. An SR8000 system consists of 4 to 512 no des. Figure 1 sho ws an o v erview of the SR8000 system arc hitecture. The no de pro cessor of the SR8000 mo del F1 is a 2.67 ns P o w erPC no de with ma jor enhancemen ts made b y Hitac hi. F or example, Hitac hi added hardw are barrier sync hronization mec hanism is pro vided for fast barrier op eration. Eac h no de con tains eigh t RISC micropro cessors whic h ha v e the \Pseudo V ector Pro- cessing" (PVP) feature [3{6]. This allo ws data to b e fetc hed from main memory , in a pip elined manner, without stalling the succeeding instructions. The result is that data is fed from memory in to the arithmetic units as e�ectiv ely as in a v ector sup ercomputer. This feature w as already a v ailable on the CP-P A CS [3], and exp erimen ts ha v e sho wn that this idea w orks w ell for v ector pro cessing. The p eak p erformance p er pro cessor, or IP , can b e attained with t w o sim ul- taneous m ultiply/add instructions, resulting in a sp eed of 1.5 GFLOPS on the SR8000 mo del F1. The pro cessor has a �rst-lev el write-through 128 KB 4-w a y set asso ciativ e on-c hip data cac he with 128-b yte cac he lines. The instruction cac he is 2-w a y set asso ciativ e 64 KB on-c hip cac he. Eigh t pro cessors are coupled to form one pro cessing no de all addressing a common part of the memory . Hitac hi refers to this no de con�guration as COM- P AS, C o- o p erativ e M icro- P rosessors in single A ddress S pace. P eak p erformance

P erformance Ev aluation of the Hitac hi SR8000 Using Op enMP Benc hmarks 5 T able 1. SPEC OMP2001 results on the SR8000 Benc hmark Reference Estimates Run time Time 1 CPU 2 CPUs 4 CPUs 8 CPUs wup wise 6000 16336 8312 4193 2158 swim 6000 2400 1226 627 332 mgrid 7300 8458 4636 2645 1257 applu 4000 5414 2801 1418 740 galgel 5100 5309 10045 10453 1042 equak e 2600 7924 4768 2863 1854 apsi 3400 6055 3148 1608 830 gafort 8700 26358 13353 6727 3408 fma3d 4600 14372 7550 3946 2129 art 6400 21844 11460 5874 3075 ammp 7000 55664 36678 20465 10950 T able 2. SPEC OMP2001 results Reference Estimates Run time Base Run time Benc hmark Time SR8000 Origin 3800 PRIMEPO WER2000 (8 CPUs) (8 CPUs) (18 CPUs) wup wise 6000 2158 1553 1080 swim 6000 332 1655 1211 mgrid 7300 1257 1813 1322 applu 4000 740 1071 435 galgel 5100 1042 905 1170 equak e 2600 1854 670 735 apsi 3400 830 1195 439 gafort 8700 3408 2363 1680 fma3d 4600 2129 1590 1210 art 6400 3075 1988 1685 ammp 7000 10950 2957 2174 of a no de of the SR8000 mo del F1 is 12 GFLOPS and maxim um memory ca- pacit y is 16 GB. The no des on the SR8000 are in terconnected through a m ultidimensional crossbar net w ork. The comm unication bandwidth a v ailable at a no de of the SR8000 mo del F1 is 1 GB/s (single direction) � 2. Hitac hi also pro vides an SR8000 compact C mo del. It has a p eak p erformance of 12 GFLOPS and it can connect up to four SR8000 systems. The automatic parallelizing compiler is pro vided to p erform parallelization for the shared-memory m ultipro cessors within eac h no de of the SR8000, using the hardw are’s sync hronization mec hanism to p erform high-sp eed parallel execution [2]. The p erformance of automatic parallelization w as describ ed in [2].

6 Daisuk e T ak ahashi et al. Fig. 2. Sp eedup of SPEC OMP2001 on the SR8000 5 P erformance Results This section presen ts the p erformance results of Op enMP programs on the Hi- tac hi SR8000. All measuremen ts w ere done on a single no de of the SR8000 compact C mo del (P o w erPC + PVP 375 MHz, 8 GB main memory size, 12 GFLOPS p eak p erformance, HI-UX/MPP 03-05). 5.1 SPEC OMP2001 P erformance Results The eigh t SPEC OMP2001 b enc hmark programs written in F ortran ( wupwise , swim , mgrid , applu , galgel , apsi , gafort and fma3d ) that w e used w ere compiled with Hitac hi’s Optimizing F ortran 90 compiler V01-04-/B under the options \ f90 -Oss -omp -model=C -64 ". These options instruct the compiler to set the optimization lev el to maximize the execution sp eed (\ -Oss "), to sp ecify whether to enable Op enMP directiv es (\ -omp "), to generate an ob ject for the compact C mo del of the SR8000 (\ -model=C ") and to use 64-bit addressing mo de (\ -64 "), resp ectiv ely . F or galgel , w e used p ortabilit y ag \ -fixed=132 " whic h sp eci�es the 132 columns that can b e written in one line. F or fma3d , w e also used p ortabilit y ag \ -conti199 " is that up to 199 con tin uation lines can b e written. The three SPEC OMP2001 b enc hmark programs written in C ( e quake , art and ammp ) that w e used w ere compiled with Hitac hi’s Optimizing C compiler V01-04 under the options \ cc -Os -omp -parallel=4 -model=C -64 ". These options instruct the compiler to sp ecify v arious optimizing options including elemen t parallelization and pseudo v ectorization so that a user program can

P erformance Ev aluation of the Hitac hi SR8000 Using Op enMP Benc hmarks 7 execute at the maxim um sp eed (\ -Os "), to sp ecify whether to enable Op enMP directiv es (\ -omp "), to set the parallelization lev el to lev el 4, to generate an ob ject for the compact C mo del of the SR8000 (\ -model=C ") and to use 64-bit addressing mo de (\ -64 "), resp ectiv ely . W e ran the co des on a single no de of the SR8000 using \ref " data sets. T able 1 sho ws the result of all SPEC OMP2001 Benc hmarks (Medium size) up to 8 pro cessors. The �rst column of a table indicates the b enc hmarks used. The second column giv es the \Reference Time" in seconds. The next four columns con tain the \Estimates Run time" in seconds. Since the results sho wn in T able 1 ha v e not y et b een review ed b y SPEC, they are mark ed as \Estimates Run time". Figure 2 sho ws the sp eedup of SPEC OMP2001 Benc hmarks relativ e to the one-pro cessor execution time on a single no de of the SR8000. The �gure sho ws that the sp eedup on 8 pro cessors is ab out 4.3 to 7.7 for the b enc hmarks. Mgrid and fma3d sp eedup b et w een 6.5 and 7.0 on 8 pro cessors, whereas wupwise , swim , applu , apsi , gafort and art sp eedup b y a factor o v er 7.0 on 8 pro cessors. Wupwise uses Op enMP v ersions of the LAP A CK routines ( dznrm2.f zaxpy.f zcopy.f zdotc.f zscal.f ). Th us, wupwise ac hiev ed almost p erfect scaling on the SR8000. In galgel , the sp eedup is under 1.0 on 2 and 4 pro cessors, as sho wn in Figure 2. Its sp eedup loss comes mainly from fork-join o v erhead. The k ey of the p erfor- mance in galgel is a PARALLEL DO directiv e. Galgel includes ab out 90 PARALLEL DO blo c ks and all of them enclose only a few assignmen t statemen ts without nested-DO lo ops [11]. Moreo v er, the fork-join o v erhead on 2 and 4 pro cessor executions is relativ ely high compared to on 8 pro cessors execution due to im- plemen tation of Hitac hi’s Op enMP compiler. This is the reason wh y galgel sho ws p o or sp eedup on 2 and 4 pro cessors. Similar to galgel , e quake includes man y parallel for directiv e whic h con- tains trivial computation. Th us, e quake sho ws the lo w est sp eedup among all of the SPEC OMP2001 Benc hmarks. T able 2 compares the results on the Hitac hi SR8000 compact C mo del (P o w- erPC + PVP 375 MHz, 8 CPUs), SGI Origin 3800 (MIPS R14000 500 MHz, 8 CPUs) [8] and F ujitsu PRIMEPO WER2000 (SP AR C64 GP 563 MHz, 18 CPUs) [8]. The �rst column of a table indicates the b enc hmarks used. The second col- umn giv es the \Reference Time" in seconds. The third column giv es the \Esti- mates Run time" in seconds. The next t w o columns con tain the \Base Run time" in seconds. W e found that the p erformance of the swim on the SR8000 is b etter than that of the swim on the Origin 3800 and PRIMEPO WER2000. This is mainly b ecause the swim is a v ery memory-in tensiv e program [12]. The SR8000 can hide memory latency e�ectiv ely with soft w are managed con trolling of data mo v emen t b y pseudo-v ector pro cessing feature. On the other hand, the p erformances of the some b enc hmark programs ( wup- wise , e quake , gafort , fma3d , art and ammp ) are lo w er than those of b oth the Origin 3800 and PRIMEPO WER2000. In particular, with the ammp , the run- time of SR8000 (8 CPUs) is slo w er than the \Reference Time". A mmp includes

8 Daisuk e T ak ahashi et al. T able 3. NPB2.3-serial (Class A) results on the SR8000 Benc hmark 1 CPU 2 CPUs 4 CPUs 8 CPUs Time MFLOPS Time MFLOPS Time MFLOPS Time MFLOPS LU 595.56 200.31 495.59 240.71 413.37 288.59 276.03 432.19 SP 291.02 292.11 155.15 547.93 85.69 992.03 40.59 2094.51 BT 584.33 287.99 303.13 555.15 168.39 999.37 102.75 1637.84 Fig. 3. Sp eedup of NPB2.3-serial (Class A) on the SR8000 man y innermost lo ops that cannot b e pseudo-v ectorized due to data dep endency . Although the Origin 3800 and PRIMEPO WER2000 ha v e a second-lev el 8 MB o�-c hip cac he, the pro cessor of the SR8000 has no second-lev el cac he. This is the reason wh y ammp sho ws p o or p erformance on the SR8000. 5.2 NPB P erformance Results W e measured the p erformance of a single no de of the SR8000 b y the NAS P arallel Benc hmarks (NPB) [9]. The Op enMP v ersions of the NAS P arallel Benc hmarks are deriv ed from the serial v ersions of NAS P arallel Benc hmarks 2.3 (NPB2.3-serial). W e parallelized the b enc hmarks b y inserting only the OMP directiv es. The co de w as compiled with Hitac hi’s Optimizing F ortran 90 compiler V01-04-/B. The compiler options used w ere \ f90 -Oss -omp -model=C -i,EU,L -64 ". W e ran the co des on a single no de of the SR8000 using Class A and Class B data sets.

P erformance Ev aluation of the Hitac hi SR8000 Using Op enMP Benc hmarks 9 T able 4. NPB2.3-serial (Class B) results on the SR8000 Benc hmark 1 CPU 2 CPUs 4 CPUs 8 CPUs Time MFLOPS Time MFLOPS Time MFLOPS Time MFLOPS LU 2455.73 203.13 1851.08 269.48 1476.70 337.80 1150.83 433.45 SP 1196.93 296.60 619.81 572.77 316.29 1122.42 163.29 2174.09 BT 2579.87 272.18 1348.13 520.86 748.57 938.03 452.72 1551.03 Fig. 4. Sp eedup of NPB2.3-serial (Class B) on the SR8000 The results for LU, SP and BT are sho wn in the follo wing. T ables 3 and 4 sho w the results of the p erformance of the NAS P arallel Benc hmarks 2.3-serial v ersion. The �rst column of tables indicate the b enc hmarks used. The next eigh t columns con tain the elapsed time in seconds and the p erformance in MFLOPS. The p erformance of SP (Class B) is o v er 2100 MFLOPS, namely ab out 18% of the p eak p erformance of a single no de of the Hitac hi SR8000 compact C mo del, as sho wn in T able 4. Figures 3 and 4 sho w the sp eedup of the NAS P arallel Benc hmarks relativ e to the one-pro cessor execution time on a single no de of the Hitac hi SR8000. The �gures sho w that the sp eedup on 8 pro cessors is ab out 5.7 to 7.3 for t w o of the three b enc hmarks, LU b eing the exception. The reason wh y LU is slo w to sp eed up is that it con tains a w a v efron t-st yle lo op; ev ery lo op in the lo op nest has dep endence across lo op iterations, and the lo op in this case is not parallelized. Although this lo op cannot b e parallelized easily in Op enMP , the automatic parallelization of Hitac hi’s compiler can parallelize suc h a w a v e fron t st yle lo op [2].

10 Daisuk e T ak ahashi et al. 6 Concluding Remarks In this pap er, w e ev aluated the SPEC OMP2001 Benc hmarks and three b enc h- marks (LU, SP and BT) of the NAS P arallel Benc hmarks on a single no de of the Hitac hi SR8000. F or the SPEC OMP2001 Benc hmarks ev aluated, w e observ ed ab out 4.3 to 7.7 times sp eedup on 8 pro cessors. On the other hand, for the NAS P arallel Benc hmarks ev aluated, w e observ ed ab out 5.7 to 7.3 times sp eedup, except for LU, on 8 pro cessors. A few b enc hmark programs include man y innermost lo ops that cannot b e pseudo-v ectorized due to data dep endency . Moreo v er, the pro cessor of the SR8000 has no second-lev el cac he. This is the reason wh y these b enc hmark programs sho w p o or p erformance on the SR8000. According to the results of our p erformance measuremen t, w e found that the SR8000 has go o d scalabilit y con tin uing up to 8 pro cessors except for a few b enc hmark programs. The SR8000 can hide memory latency e�ectiv ely with soft w are managed con- trolling of data mo v emen t b y pseudo-v ector pro cessing feature. The p erformance results demonstrate that the SR8000 ac hiev es high p erformance esp ecially for memory-in tensiv e applications. References 1. Op enMP: Simple, P ortable, Scalable SMP Programming. (h ttp://www.op enmp.org) 2. Nishitani, Y., Negishi, K., Oh ta, H., Nunohiro, E.: Implemen tation and ev aluation of Op enMP for Hitac hi SR8000. In: Pro c. Third In ternational Symp osium on High P erformance Computing (ISHPC 2000). V olume 1940 of Lecture Notes in Computer Science., Springer-V erlag (2000) 391{402 3. Nak aza w a, K., Nak am ura, H., Boku, T., Nak ata, I., Y amashita, Y.: CP-P A CS: A massiv ely parallel pro cessor at the Univ ersit y of Tsukuba. P arallel Computing 25 (1999) 1635{1661 4. T amaki, Y., Suk ega w a, N., Ito, M., T anak a, Y., F uk aga w a, M., Sumimoto, T., Ioki, N.: No de arc hitecture and p erformance ev aluation of the Hitac hi T ec hnical Serv er SR8000. In: Pro c. 12th In ternational Conference on P arallel and Distributed Computing Systems. (1999) 487{493 5. Shimada, K., Ka w ashimo, T., Hana w a, M., Y amagata, R., Kamada, E.: A sup er- scalar RISC pro cessor with 160 FPRs for large scale scien ti�c pro cessing. In: Pro c. In ternational Conference on Computer Design (ICCD’99). (1999) 279{280 6. Nishiy ama, H., Motok a w a, K., Kyushima, I., Kikuc hi, S.: Pseudo-v ectorizing com- piler for the SR8000. In: Pro c. 6th In ternational Euro-P ar Conference (Euro-P ar 2000). V olume 1900 of Lecture Notes in Computer Science., Springer-V erlag (2000) 1023{1028 7. Brehm, M., Bader, R., Heller, H., Ebner, R.: Pseudo v ectorization, smp, and mes- sage passing on the Hitac hi SR8000-F1. In: Pro c. 6th In ternational Euro-P ar Conference (Euro-P ar 2000). V olume 1900 of Lecture Notes in Computer Science., Springer-V erlag (2000) 1351{1361

P erformance Ev aluation of the Hitac hi SR8000 Using Op enMP Benc hmarks 11 8. Standard P erformance Ev aluation Corp oration (SPEC): SPEComp 2001. (h ttp://www.sp ec.org/hpg/omp) 9. Bailey , D., Barton, J., Lasinski, T., Simon, H.: The NAS parallel b enc hmarks. NAS T ec hnical Rep ort RNR-91-002, NASA Ames Researc h Cen ter, Mo�ett Field, CA (1991) 10. Aslot, V., Domeik a, M., Eigenmann, R., Gaertner, G., Jones, W.B., P arady , B.: SPEComp: A new b enc hmark suite for measuring parallel computer p erformance. In: Pro c. In ternational W orkshop on Op enMP Applications and T o ols (W OMP A T 2001). V olume 2104 of Lecture Notes in Computer Science., Springer-V erlag (2001) 1{10 11. Iw ashita, H., Y amanak a, E., Suey asu, N., v an W a v eren, M., Miura, K.: The SPEC OMP2001 b enc hmark on the F ujitsu PRIMEPO WER system. In: Pro c. Third Europ ean W orkshop on Op enMP (EW OMP 2001). (2001) 12. Aslot, V. Eigenmann, R.: P erformance c haracteristics of the SPEC OMP2001 b enc hmarks. In: Pro c. Third Europ ean W orkshop on Op enMP (EW OMP 2001). (2001) 13. Jin, H., F rumkin, M., Y an, J.: The Op enMP implemen tation of NAS parallel b enc hmarks and its p erformance. NAS T ec hnical Rep ort NAS-99-011, NASA Ames Researc h Cen ter, Mo�ett Field, CA (1999) 14. Bailey , D., Harris, T., Saphir, W., V an der Wijngaart, R., W o o, A., Y arro w, M.: The NAS parallel b enc hmarks 2.0. NAS T ec hnical Rep ort NAS-95-020, NASA Ames Researc h Cen ter, Mo�ett Field, CA (1995)