An LSI implemen tation of the Simple Serial Sync hronized Multistage In terconnection Net w ork T ak a yuki Kamei Masashi Sasahara Hideharu Amano Keio Univ ersit y Dept. of Computer Science 3-14-1, Hiy oshi Y ok ohama, Japan T el: +81-45-560-1063 F ax: +81-45-560-1064 e-mail: f k amei,sasahara,h unga g @aa.cs.k eio.ac.jp I. Motiv a tion and outline od the design A high sp eed switc h is a critical comp onen t of m ultipro- cessors. Multistage In terconnection Net w ork (MIN) has b een utilized as a switc h for connection pro cessors and memory mo dules in m ultipro cessors. Unlik e the crossbar, it consists of small switc hing elemen ts, and pro vides a high bandwidth with relativ ely small hardw are. Most of traditional MINs are blo c king net w orks and pac k ets are transferred in the store-and-forw ard man- ner b et w een switc hing elemen ts with bit-parallel(8-64bits) lines. Since the width of comm unication paths and trans- ferrd mannar cause pin-limitation problem and compli- cated structure, the high densit y implemen tation and high sp eed clo c k is not utilized. In order to solv e these problems, w e implemen ted the SSS-PBSF c hip. This switc h uses the PBSF connection structure whic h can obtain a higher bandwidth than that of crossbar with connecting ban y an net w orks in 3 dimen- sional direction. Simple Serial Sync hronized (SSS) st yle con trol mec hanism is adopted b oth for high sp eed op era- tion and solving the pin-limitation problem. I I. The SSS style contr ol mechanism All pac k ets are inserted in to SSS-MIN serially (in a few bits parallel) sync hronized with a common frame clo c k. Since eac h switc hing elemen t stores only one bit (or a few bits) of the pac k et, the SSS-MIN b eha v es lik e a set of shift registers with the switc hing capabilit y . After the dela y for passing through all stages, head of pac k ets come out from the outlets of the MIN. When a con ict o ccurs, one of the con icting pac k ets set the con ict bit, and m ust b e routed to the incorrect direction, since the SSS-MIN pro vides no pac k et bu�ers in eac h switc hing elemen t. The con icting pac k et is treated as a dead pac k et, and nev er in terferes the other pac k ets. When the top of the address pac k et reac hes at the outlet of the MIN, it can b e judged whether the pac k et is cor- rectly routed or not (con icted), An ac kno wledge signal is returned to the pro cessor whic h issues the access request. If the ac kno wledge signal is not returned, the pac k et is in- serted again from the input bu�er sync hronized with the next frame signal. Since eac h switc hing elemen t and con trol logic is quite simple and utilized a high densit y implemen tation, a whole net w ork can b e implemen ted in a single c hip. Th us, these op erations describ ed ab o v e can b e act with a high frequency clo c k, and the p erformance of a whole net w ork is more than most of MINs. Using these features, almost the same p erformance can b e ac hiev ed with only 1/8 hardw are or c hip n um b ers com- pared with con v en tional MIN. I I I. Piled Bany an Switching F abrics The PBSF (Figure 1) [1] consists of ban y an net w orks whic h are connected in the three dimensional direction. A switc hing elemen t except in the highest and lo w est la y ers pro vides four inputs/outputs(t w o for horizon tal, and t w o for v ertical direction.). P ac k ets are inserted in to the highest la y er ban y an net- w ork, and transferred to the horizon tal direction. When t w o pac k ets collide with eac h other, a pac k et is fed to the corresp onding switc hing elemen t in the next lo w er la y er ban y an net w ork with a clo c k dela y . The v ertically trans- ferred pac k et ma y collide with b oth pac k ets whic h are transferred to the horizon tal direction. In this case, one of horizon tally transferred pac k ets is selected and sen t the next lo w er la y er net w ork. When three (one from the v ertical, and t w o from the horizon tal direction) pac k ets for the same direction con- ict in a switc hing elemen t, a pac k et is routed to the cor- rect direction, a pac k et is routed v ertically , but the other pac k et cannot b e routed to an y direction. Suc h a pac k et is routed to the incorrect direction, and treated as a \dead- pac k et". On the lo w est la y er, suc h a pac k et is discarded. The total throughput of the PBSF is higher than the blo c king net w orks used in con v en tional MINs, b ecause a con icted pac k et falls lo w er la y ers and con tin ues routing.

Fig. 1 . Piled Ban y an Switc hing F abrics IV. Chip Design and Implement a tion A. Chip Design The SSS-PBSF c hip w as dev elop ed b y the pilot pro- gram of the c hip design and fabrication service organiza- tion for LSI design education in Japan. In the pilot pro- gram, the t yp e of c hip is limited to b e the 0 : 5 �m CMOS SOG with 16k gates at maxim um. Since the PGA pac k age with 176 pins (116 pins for signals) can b e used, the size of the net w ork is set to b e 16 � 16 whic h is the maxim um one with this n um b er of pins. The structure and func- tion of the PBSF implemen ted in the c hip is optimized so as to maximize the p erformance under the pin and gate limitation according to results of the estimation with the computer sim ulation. As a result, w e decide that the structure of PBSF c hip has t w o la y ers and m ultiplexed output, and that the func- tion is 2bit pac k et priorit y con trol, and message com bin- ing on the �rst la y er. B. Implemen tation The implemen ted PBSF consists of the input in terface, PBSF core, and the output in terface including the m ulti- plexor. The implemen ted circuit is almost the same from the basic implemen tation of the SSS-MIN, but a little dif- feren t. Input in terface The input in terface, similar to the ba- sic of SSS-MIN, holds a small bu�er to store the header of the address pac k et while the trace is established. The di�eren t p oin t to the simple SSS-MIN is added 2-bits ex- tra wires, in order to reduce the latency for setting up the trace with priorit y con trol. The con trol logic for routing timing is included in the input in terface. PBSF core consists of the address switc h with con trol blo c k, ac kno wledge switc h, and data switc h. in order to reduce the latency with priorit y con trol, 2 bits extra wires are pro vided. Th us, the n um b er of wires for the address switc h is expanded to b e 4. As the address switc h is forw ard direction, there is paths to the second la y er for b ypassing the con icting pac k et. Output in terface Output in terface selects one of pac k- ets from t w o la y ers with the m ultiplexor. If t w o address Fig. 2 . A microscopic photograph T ABLE I the specifica tion of the PBSF chip Clo c k 90MHz Bit width 2bit(address) 1bit(data) Size 16-in/out Max bandwidth 270 M bits=sec � 16 The n um b er of cell 17356 Signal pin 116pin Die size 7.34mm � 7.34mm P o w er consumption 20W(with 90MHz clo ck) T ec hnology 0 : 5 �m CMOS sea-of-gates pac k ets are en tirely the same, these pac k ets are com bined in the m ultiplexor. C. Sp eci�cation The c hip is designed using the R TL(Register T ransfer Lev el) description of V erilog-XL. The design w as done only with three mon ths b y t w o studen ts. Figure 2 sho ws a microscopic photograph of the c hip. Since the logic syn thesis, placemen t and routing is done automatically (also the regulation of clo c k sk ew), switc hing elemen ts can not b e observ ed in the photograph. T able I sho ws the sp eci�cation of the implemen ted PBSF c hip. Although the bit width is small b ecause of the pin limitation, 540Mb yte/sec total throughput can b e attained with 90MHz clo c k. A ckno wlegement The authors w ould appreciate with the sta� of the pilot program and NTT Electronics T ec hnology Co. Ltd. for their sincere advice for the c hip design. References [1] T. Hana w a, H.Amano, Y.F ujik a w a, \Multistage In terconnec- tion Net w orks with m ultiple outlets," Pr o c. of the Interna- tional Confer enc e on Par al lel Pr o c essing , pp.I1-8, Aug. 1994 [2] T. Kamei, M. Sasahara, H. Amano, \An LSI implemen tation of the simple sereal sync hronizes m ultistage in terconnection net w ork," Pr o c. of SASIMI’95 , pp.199-206, Aug. 1995