Ev aluation of Gigabit Ethernet with Ja v a/HORB Y.Y asu y , H.F ujii, Y.Igarashi, E.Inoue, H.Ko dama, A.Manab e, Y.W atase yy , Y.Nagasak a yyy , M.Nomachi yyyy , S.Hirano, H.T ak agi yyyyy , K.Sh udo yyyyyy , T.Arai yyyyyyy , L.Sarmenta yyyyyyyy , C.Thom b orson, R.Nicolescu and M.Duc yyyyyyyyy y HORB Op en and High Ener gy A c c eler ator R ese ar ch Or ganization (KEK), 1-1 Oho, Tsukub a, Ib ar aki 305, Jap an yy High Ener gy A c c eler ator R ese ar ch Or ganization, 1-1 Oho, Tsukub a, Ib ar aki 305, Jap an yyy Dep artment of Ele ctric al Engine ering, Nagasaki Institute of Applie d Scienc e (NIAS), 536 Ab a-machi, Nagasaki, 851-01 JAP AN yyyy R ese ar ch Center for Nucle ar Physics(RCNP), 10-1 Miho gaoka, Ib ar aki OSAKA 567-0047 JAP AN yyyyy HORB Op en and Ele ctr ote chnic al L ab or atory (ETL), 1-1-4 Umezono, Tsukub a 305, Jap an yyyyyy HORB Op en and Mur aokaL ab., Dep artment of Information and Computer Scienc e, Wase da U., 1-104 T otsuka-machi, Shinjuku, T okyo, 169-8050 yyyyyyy NetOne Systems Co.,Ltd., 2-2-8 Spher e T ower T ennoz, Higashi Shinagawa, Shinagawa-Ku, T okyo 140-8621 Jap an yyyyyyyy HORB Op en and L ab or atory for Computer Scienc e, MIT, 77 Massachusetts Avenue, Cambridge, MA 02139, U.S.A. yyyyyyyyy HORB Op en and Computer Scienc e Dep artment, Auckland U., Private Bag 92109, Auckland, New Ze aland Abstract. W e ha v e ev aluated a high sp eed netw ork, Gigabit Ethernet(GbE), with Ja v a/HORB, whic h means Jav a and Jav a-based Distributed Ob ject T ec hnology(DOT). Next generation of data acquisition(DA Q) needs high sp eed netw ork suc h as A TM and GbE for data transfer in Level 3 and/or Level 2 trigger of the D A Q at large scale D A Q system like Large Hadron Collider(LHC). When ev aluating the basic parameters of GbE, we considered b ottleneck of netw ork p erformance suc h as TCP bu�er size, memory access sp eed, Maximum T ransmission Unit(MTU) and so on. W e used netw ork to ols called TTCP and Netp erf and some Jav a b enchmark programs for ev aluating DOTs, namely , HORB, RMI and V o y ager. Linux and Windo ws/NT op erating systems

FIGURE 1. Setup for p erformance ev aluation on PC computers, and Solaris on UltraSP AR C w orkstation were used. MTU had an imp ortant role of the data transfer. When 2 Ultra30/Solaris systems via GbE were used, the sp eed with MTU of 9000 bytes was ov er 500 Mbit/s(ov er 60 MB/s) and twice faster than that of 1500 b ytes. In ev aluation of remote metho d call as DA Q message path, HORB p erformance was twice faster than that of RMI and 3 times faster than that of V o y ager. In the byte array transfer as DA Q data path, HORB p erformance w as twice faster than that of RMI and V o y ager. HORB Serialization was also twice faster than built-in JDK Serialization. INTR ODUCTION This pap er describ es p erformance ev aluation of TCP/IP with GbE [1] and Jav a/HORB [2{5] with GbE. Platform Indep endenc e . T o extend life time of soft w are for D A Q, the soft w are needs to b e indep endent of CPU and Op erating System(OS) b ecause the large DA Q system requires heterogeneous computer systems. So far, UNIX and TCP/IP were sometimes chosen as standard and Application Interfaces(APIs) of the D A Q were de�ned. Now there is Ja v a. Ja v a is a key technology of the next generation of DA Q. Jav a is a pure ob ject orien ted language and is architecture-neutral. A Jav a compiler generates a b yteco de whic h is indep endent of CPU and OS. The standard Application In terface (API) is av ailable on many computers and the application program will b e truly indep enden t of CPU and OS. This is a great feature of Ja v a. Ne c essity of Midd le-war e The next generation of D A Q also needs net w ork-based DA Q. The D A Q has to manage many computers connected to a complicated net- work. This increases the soft w are complexity , which causes high cost and low quality . The DA Q system should b e simple, reliable and robust. Reliable net- work programming leads us to middle-w are based on TCP/IP . Distributed Ob ject T ec hnology (DOT) is a form of middle-ware based on TCP/IP and ob ject orien ted languages. Jav a b ene�ts from the existence of DOTs. HORB is the most prominent DOT. WEB Computing . A web browser such as Netscap e Navigator will pla y a ma jor role in the DA Q clien t functions such as run-control. A Jav a applet, which is a program tied to the web bro wser, can run on any browser. This feature of Jav a is also imp ortan t. Java Solution . W e hav e already prop osed that w e would establish a 3-tier mo del of DA Q [6]. The mo del de�nes a D A Q client, a DA Q serv er and a D A Q database.

It emphasizes that all of the programs should b e based on Jav a. Evaluation of Gigabit Ethernet(GbE) . Next generation of DA Q needs high sp eed netw ork such as A TM and GbE for data transfer in Lev el 3 and/or Lev el 2 trigger of the D A Q at large scale D A Q system. Why do w e ev aluate GbE? Ethernet is an international standard in lo cal area netw ork. GbE is b eing designed to o�er high p erformance and main tains compatibilit y with curren t Ethernet. Therefore, GbE promises to meet curren t net w orking needs e�ectively and economically . Then, the cost p erformance of GbE can b e exp ected to b e c heap er than that of A TM. Qualit y of Service(QoS) is also imp ortant for the D A Q b ecause of the guaranteed data ow. Currently GbE do es not supp ort the QoS, but v arious QoSs are discussed and it can b e exp ected in future. T ABLE 1. Computer systems Computer Gatewa y PC Gatewa y PC 1 F ujitsu PC Sun Ultra30 CPU Pen tiumII Pen tiumII Pen tiumI I UltraSP AR C-I I 266MHz 300MHz 333MHz 300MHz Memory 64MB 64MB 190MB 128MB Bus PCIbus PCIbus PCIbus System bus 133MB/s 133MB/s 133MB/s 1.6GB/s with PCIbus System WNT WNT1 Linux Linux1 Solaris Computer Gatewa y F ujitsu Gatewa y Gatewa y 1 Ultra30 OS WindowsNT4 WindowsNT4 Linux2.0.29 Linux2.0.30 Solaris2.6 SP3 SP3 Jav a JDK1.1.6 JDK1.1.6 JDK1.1.5 JDK1.1.5 JDK1.1.6 SunJIT,MSJIT SunJIT,MSJIT SunJIT C compiler gcc 2.7.2.1 gcc 2.7.2.1 gcc 2.7.2.3 T ABLE 2. Netw ork equipmen ts NIC Pac k et Engine ( GNIC ) Alteon ( AceNIC ) SW Alteon NetOne Bandwidth AceSwitch180 ProminetP550 of Backplane 8 Gps 41.6 Gps I TCP/IP PERF ORMANCE EV ALUA TION In T able 1, computer systems w e used for the p erformance ev aluation w ere sho wn. The setup for the ev aluation is shown in Fig. 1. There are tw o computer systems at the measuremen t, namely , a clien t system and a server system. W e tested

FIGURE 2. TCP/IP P erformance with Netp erf : MTU = 1500 FIGURE 3. TCP/IP P erformance with Netp erf : MTU = 9000 three combinations of computer systems. One is Windo ws/NT systems, WNT as client and WNT1 as serv er. Another is Linux systems, Linux as clien t and Linux1 as serv er. The other is Solaris systems, 2 Solaris as client and server. In T able 2, Net w ork In terface Card(NIC)s and Switches are shown. Alteon SW supp orts large Maximum T ransmission Unit(MTU). The p erformance ev aluation using large MTU could b e done only on Solaris systems . When we ev aluate the GbE, we hav e to consider b ottleneck of the system lik e TCP/IP proto col, System bus suc h as PCIbus and memory access p erformance, CPU p erformance and NIC & netw ork switch. W e emphasize that MTU is very imp ortant parameter to improv e the netw ork p erformance. W e c hec k ed whether Jav a and HORB b ecome b ottlenec k or not. First, w e chec k ed TCP bu�er size. W e used Windows/NT systems with GNIC and NetOne SW. W e used a netw ork to ol called Netp erf [7]. When the bu�er size was 8192 and message size was 8000, the a v erage transfer sp eed was 17 MB/s. But, the sp eed b ecame 22 MB/s when the bu�er size w as 65535 and the message size was 65535. This means the TCP bu�er size improv ed ab out 30 % of the net w ork p erformance. Fig.2 shows results from several combinations. WNT-GNIC-8192 means the systems used WNT/WNT1 and GNICs, and the TCP bu�er size was 8192. WNT- GNIC-8192 was 20 to 30 % faster than WNT-AceNIC-8192. This shows the net- work p erformance dep ends on NIC. Fig.2 also shows that the netw ork p erformance

FIGURE 4. DOT Performance : remote metho d call dep ends on system bus and memory access p erformance. Because Solaris-AceNIC- 65535 w as up to 50 % faster than WNT-AceNIC-65535. The Solaris system has faster system bus such as 1.6GB/s. W e measured the memory access sp eeds of Solaris systems and WNT/WNT1 systems, b y using our own b enc hmark program. As a result, the sp eed of the Solaris was t wice faster than that of the WNT. The CPU p erformance of the Solaris is similar to that of the WNT in comparison with SPECint95. As describ ed b efore, Alteon SW supp orts large MTU. W e ev aluated the p er- formance with MTU=1500 and MTU=9000 on the Solaris systems. When MTU enlarges, data size p er transfer on Ethernet frame enlarges. Fig.3 sho ws that large MTU improv ed the netw ork p erformance t wice. Previous parameters like TCP bu�er size impro v ed the net w ork p erformance, but up to a few ten %. MTU im- prov ed 100 % of the net w ork p erformance. This means large MTU is necessary for improving the p erformance dramatically . Finally , we c hec k ed CPU usage at data transfer. W e used a to ol called TTCP [8]. W e assume that TCP bu�er size was 65535 and message size was 10000. When MTU was 1500, the transfer sp eed was also 22 MB/s on Linux/Lin ux1 systems, not only on WNT/WNT1 systems. A t the measurement, the client program consumed 33 % of CPU time for the data transfer while the serv er program consumed 24 % of the CPU time. On Solaris systems, when MTU was 1500, the sp eed w as 34 MB/s. The CPU usage on the clien t w as 50 % and that on the server was 62 %. On the other hand, when MTU was 9000, the sp eed w as 56 MB/s and the CPU usage on the serv er b ecame 83 %. Ob viously , the CPU usage on the serv er increased when the transfer sp eed increased. The CPU p erformance ma y b e b ottlenec k when the sp eed increases. It is due to TCP/IP proto col. New implementation such as zero-copy driver will b e necessary .

FIGURE 5. DOT Performance : byte array transfer with MTU = 1500 I I DOT PERF ORMANCE EV ALUA TION The Distributed Ob ject T ec hnologies(DOTs) we ev aluated are sho wn b elow. � HORB 1.3.b3 � HORB Serialization Patc h 1.1a [9] � RMI (JDK1.1.6) [10] � V o y ager2.0 b eta2 [11] � XORB [12] ( an exp erimental ORB running on JDK1.2 b eta3 ) � DOT emulator with C so ck et � DOT emulator with Jav a so ck et W e already ev aluated the p opular DOTs [2,3]. After that, not only HORB but also RMI and V o y ager w ere impro v ed. W e ev aluated remote metho d call of DOT for message path of D A Q and the byte arra y transfer for data path of DA Q. W e also ev aluated p erformance of ob ject serialization of HORB and JDK. R emote Metho d Cal l . Fig.4 shows result from the remote metho d call. C so ck et was the fastest. Next w as Jav a So ck et. HORB w as twice faster than RMI and three times faster than V o y ager. As describ ed ab o v e, net w ork p erformance dep ends on NIC. When NIC w as c hanged, HORB p erformance w as impro v ed , and relative sp eed of HORB to C so ck et and Jav a so ck et was also improv ed. W e can say HORB p erformance as D A Q message path is similar to C p erformance. Th us, HORB will b e used as message path of DA Q. Byte Arr ay T r ansfer(MTU=1500) . There are tw o results from byte array trans- fer. Fig.5 shows DOT p erformance in MTU of 1500 bytes and Fig.6 sho ws that of 9000 bytes. C so c k et was also the fastest, but C so ck et, Ja v a so ck et and HORB had similar p erformance. HORB w as twice faster than V o y ager and sev eral ten % faster than RMI. It seems that the p erformance was saturated up to 110 Mbit/s. Byte Arr ay T r ansfer(MTU=9000) . When MTU was 9000, the situation c hanged. HORB p erformance w as twice improv ed at large array size. V o y ager and RMI w ere also improv ed.

FIGURE 6. DOT Performance : byte array transfer with MTU = 9000 Obje ct Serialization . A reason wh y HORB is faster than RMI, V o y ager, and other DOTs is that HORB’s serialization mec hanism is faster than JDK’s built-in serialization. Fig. 5 shows that the p erformance of X ORB was same as that of RMI. XORB has simple proto col for the transfer while RMI do es not ha v e the sp ecial proto col such as connection-m ultiplex. HORB Serialization Patc h w as slow er than the original HORB for the transfers. Fig. 7 shows results for transferring the ob jects shown in Listing 1. DataArr is an ob ject containing an array of Data ob jects, each of which wraps an in teger. DataChain is a link ed list of integers. public class DataArr public class DataChain implements java.io.Serializable { implements java.io.Serializable { Data[] da; int a; DataChain next; public DataArr(){ } public DataChain() { } public DataArr( int size ) { public DataChain( int size ) { da = new Data[size]; // create chain of size elts for ( int i = 0; i < size; i++ ) if ( size > 1 ) da[i] = new Data(); } next = new DataChain(size-1); } } } Listing 1: DataArr and DataChain classes for object transfer benchmarks Here we see that the original HORB p erformed m uc h b etter than RMI and HORB with JDK serialization, indicating that JDK Serialization is slo w er than HORB’s serialization. F rom these results, we can conclude that JDK Serialization is a b ottleneck in other DOTs, and predict that the original HORB will p erform b etter than any DOT that uses JDK Serialization. I I I CONCLUSION TCP Performanc e with GbE . At large TCP bu�er the netw ork p erformance was 30 % improv ed. The di�erence of net w ork p erformance at small TCP bu�er existed by di�erent NIC. When memory access sp eed b ecame twice, the net w ork p erfor- mance was up to 50 % impro v ed. When MTU was 9000, the sp eed was twice faster

FIGURE 7. DOT Performance : ob ject transfer than that when MTU w as 1500. When net w ork p erformance increases more and more, new implementation such as zero-copy driver will b e necessary for reducing CPU usage. DOT Performanc e with GbE . Message path of DA Q was ev aluated by the remote metho d call. HORB can hav e similar p erformance to C. Data path of DA Q w as also ev aluated by the byte array transfer. HORB had go o d p erformance at large array size on byte array transfer, but HORB p erformance like other DOTs w as very p o or at ’int’ and ’double’ array transfers. HORB is no w the fastest in p opular DOTs. HORB’s serialization is faster than JDK serialization, so w e can predict that HORB will p erform b etter than any ORB based on JDK Serialization. REFERENCES 1. Gigabit Ethernet Alliance. http://www.gigabit-ethernet.org/ 2. HIRANO, S., HORB: Distributed Execution of Jav a Programs, W orldwide Comput- ing and Its Applications, Springer Lecture Notes in Computer Science 1274 pp.29-42, 1997 3. S.Hirano, Y.Y asu and H.Igarashi, Performance Ev aluation of Popular Distributed Ob ject T ec hnologies for Jav a, ACM1998 workshop on Jav a for High-P erformance Netw ork Computing, Palo Alto, California, F ebruary 28 & March 1, 1998. 4. HORB Homepage. http://ring.etl.go.jp/openlab/horb/ 5. HORB Op en Homepage. h ttp://www.horb.org/ 6. Y.Y asu el al.,IEEE T rans. on Nucl. Sci., V ol45,No.4,August 1998 7. Netp erf Homepage. http://www.netperf.org/netp erf/Netp erfPage.h tml 8. ftp site of TTCP . h ttp://ftp.arl.mil/ftp/pub/ttcp/ 9. Homepage of HORB Serialization Patc h. http://www.cag.lcs.mit.edu/ba y anihan/horb/Serialization.h tml 10. Sun Microsystems, Remote Metho d Inv o cation Sp eci�cation, 1997 11. V o y ager Homepage. http://www.ob jectspace.com/pro ducts/v o y ager/index.h tml 12. XORB Homepage. http://ja v a-house.etl.go.jp/~ tak agi/ja v a/bit-xorb/ 13. Jav aD A Q Homepage. http://www-online.k ek.jp/~ online/Ja v aD A Q/