The MINC(Multistage In terconnection Net w ork with Cac he con trol mec hanism) c hip T ak ashi Midorik a w a T ak a yuki Kamei � T oshihiro Hana w a Hideharu Amano Keio Universit y Dept. of Computer Science 3-14-1, Hiyoshi Y ok ohama, Japan T el: +81-45-560-1063 F ax: +81-45-560-1064 e-mail: f midori,k amei,hana w a,h unga g @aa.cs.k eio.ac.jp I. Introduction Although bus connected m ultipro cessors ha v e b een widely used as high-end workstations or serv ers, the num- b er of connected pro cessors is strictly limited by the max- im um bandwidth of the shared bus. Instead of them, a switc h connected multiprocessor which uses a crossbar or Multistage In terconnection Net w orks(MINs) for connect- ing pro cessors and memory mo dules is a hop eful candi- date. Ho w ev er, in suc h a system, a sno op cache technique in bus connected m ultipro cessors cannot b e used, and con- sistency problems must b e solved for pro viding the cac he memory b etw een a pro cessor and the switc h. T o address this problem, hardware approaches by mak- ing the b est use of adv anced VLSI technology hav e b een prop osed. How ev er, traditional metho ds require a large memory outside the switc hing element and it causes not only a large additional hardware but also the extra la- tency by accessing the outside memory . Moreo v er, the complicated MIN with cache or directory must also treat data pac k et which should b e transferred quic kly . In order to solve these problems, we prop osed the MINC (MIN with Cac he control mec hanism)[1]. In the MINC, the MIN whic h only transfers a part of the address and cac he coheren t messages is separated from the data trans- fer netw ork, and pushed into an LSI chip called the MINC c hip. The coheren t control is done based on the direc- tory using the Reduced Hierarc hical Bit-map Directory sc heme(RHBD). In order to reduce unnecessary pack ets, the pruning cache whic h is a small cac he enough to im- plemen t inside the chip is introduced in the MINC chip. I I. O ver view of the MINC A. The directory managemen t metho d The key idea of the MINC is a cache directory sc heme called the RHBD[2]. The bit map of the hierarc hical di- rectory is reduced and equipp ed only in the main memory mo dule. Although the RHBD w as prop osed for a massive- ly parallel pro cessor JUMP-1[2] with a hierarc hical direct net w ork, it can b e easily applied to the MIN b ecause of its embedded tree (hierarc hical) structure. In this sc heme, the bit map is reduced using t w o techniques. � No w joint to T oshiba � using the common bit map for all no des of the same lev el of hierarc h y (tree), and � a message is sent to all c hildren of the no de (thus, broadcasting) when the corresp onding bit in the map is set. By the combination of techniques, sev eral sc hemes are deliv ered[2]. W e adopted the simplest sc heme (SM:Single Map), since it is adv an tageous when the n um ber of pro- cessors is not so large. Using the RHDB, since multicast do es not require to ac- cess the directory in each hierarch y , quic k message trans- fers can b e p erformed. Ho w ev er, pro cessors which don’t share the cache line receive unnecessary message and it ma y cause the congestion of the netw ork. B. Multipro cessors based on the MINC Figure 1 illustrates a switch connected cac he coheren t m ultipro cessor based on the MINC. This system consists of the follo wing comp onents. Pro cessing Unit (PU) pro viding a priv ate cac he : The priv ate cache is a simple write-through cache whic h stores copy of the shared memory mo dule. Data T ransfer Net w ork : Cache lines, writing scalar data and v ectors are transferred with this netw ork. Any t yp e of high bandwidth net w ork including crossbars and MINs can b e used. The MINC c hip: Cache coheren t messages m ust b e m ulticast according to the bit-map from the RHBD. The MINC c hip is a dedicated net w ork c hip whic h transfers only a part of address and messages for maintaining cac he consistency of the priv ate cac he. Memory mo dule : the bit map of the RHBD is stored here. Thus, the memory con troller manages the cache directory and generates pack ets for the MINC c hip and the data transfer netw ork. F or a high sp eed data also transfer net w ork, commercial crossbars or data exc hanger chips can b e used. Thus, the most imp ortan t comp onent of this system is the MINC c hip whic h m ulticasts the coherent messages.

Fig. 1 . The m ultipro cessor with the MINC I I I. Chip Design and Implement a tion A. Chip Design As sho wn in Figure 2, the MINC chip consists of input bu�ers and 2-stage bi-directional omega net w orks. The op eration of the MINC c hip is based on the Simple, Serial, and Sync hronized (SSS) st yle con trol mec hanism[3]. In this style, inserted pac k ets are sync hronized with a unique frame clo c k in the input bu�er. When pac k ets con ict eac h other inside a switching element, a pack et is selected and transferred to the desired destination. Other- s are discarded and inserted again from in the next frame. Although this control mec hanism causes the loss of syn- c hronization, structure/con trol of switc hing elements can b e simpli�ed, and the high frequency clo c k can b e used. B. Implemen tation The MINC chip w as developed by the pilot program of the VDEC design curriculum. In the pilot program, the t yp e of chip is limited to b e the 0 : 6 �m ChipExpress’s LPGA(Laser Programmable Gate Arra y) which has 100k gates (recommended 50k gates and 64Kbit memory cells) at maxim um in the PGA pack age with 391 pins (264 pins for signals). F rom these limitations, basic design of the MINC c hip is decided as follo ws: Net w ork Scale : Sixteen inputs/outputs are pro vided. Th us, at most sixteen pro cessors and memory mo dules can b e connected with this chip. Eigh t pins/wires are used for each link: four for forward pack ets and others for ac kno wledge. Net w ork structure : The MINC chip consists of small switc hing elemen ts connected in the multiple stages. Considering the hardw are requirement and p erformance the size of the switching elemen t is set to b e 4x4. Thus, the 2-stage omega netw ork with 4x4 switc hing elemen ts is used. Pruning Cache : F rom the limitation of the RAM in- side the c hip, 256 entries t w o set asso ciative cac he is pro- vided in eac h switc hing element. The capacit y miss rarely o ccurs with this size of cac he. Fig. 2 . The structure of the MINC chip T ABLE I the specifica tion of the MINC chip Clo ck 50MHz Bit width 4bit(pack et transfer) 4bit(ackno wledge) Size 16-in/out Max bandwidth 400 M bits=sec � 16 the num ber of cell(basic cell) 26477 the num ber of cell(memory) 60Kbit signal pin 262pin T ec hnology 0 : 6 �m LPGA 1 F rame 30 clo ck T able I sho ws the sp eci�cation of MINC chip. Since a n um ber of inv erters were inserted to adjust the hold time error, used gates b ecomes larger than recommend- ed. This in tro duce di�cult y of wiring and degrades the maxim um sp eed. Ho w ev er, 50MHz clo c k can b e used and 400Mb yte/sec total throughput can b e obtained. The design is describ ed in V erilog-HDL, and synthe- sized with Design compiler. Place-and-route is done by the original CAD from ChipExpress Corp. A ckno wlegement The VLSI c hip in this study has b een fabricated in the c hip fabrication program of VLSI Design and Education Cen ter(VDEC), the Univ ersit y of T oky o with the collab- oration b y ChipExpress Corp oration and Son y Corp ora- tion. The authors appreciate with the sta� of the VDEC and thank Mak oto Ik eda who is the sta� of the VDEC for his help. References [1] T. Hanaw a, H. Y asuk a w a, K. Nishimura, H. Amano, \MINC: Multistage Interconnection Netw ork with Cac he con trol mech- anism." Pr o c. of International Confer enc e on Par al lel and Distribute d Computing Systems ’96 , pp.310-317, 1996. [2] T. Kudoh, H. Amano, T. Matsumoto, K. Hiraki, Y. Y ang, K. Nishim ura, K. Y oshim ura, and Y. F ukushima. \Hierarc hi- cal bit-map directory schemes on the RDT interconnection net w ork for a massively parallel pro cessor JUMP-1," Pr o c. of International Confer enc e on Par al lel Pr o c essing , 1995. [3] H. Amano, L. Zhou, K. Gay e, \SSS(Simple Serial Sync hronized)-MIN: a nov el multi stage in terconnection ar- c hitecture for multiprocessors," Pr o c. of the IFIP 12th World Computer Congr ess , V ol.1, pp.571-577, Sep. 1992