A Floating P oin t Arithmetic Unit for a Static Sc heduling and Compiler Orien ted Multipro cessor System ASCA T ak ahiro Ka w aguc hi T ak a yuki Suzuki Hideharu Amano Keio Univ ersit y Dept. of Computer Science 3-14-1, Hiy oshi Y ok ohama, 223-8522 Japan T el: +81-45-560-1063 F ax: +81-45-560-1064 e-mail: f k a w aguti, tak a yuki, h unga g @am.ics.k eio.ac.jp Abstract| W e describ e a oating p oin t arithmetic unit(FPU) whic h supp orts static sc heduling b y auto- matic parallelizing compiler. This FPU designed to w ork with 50MHz clo c k with the assistance of ED A syn thesis and la y out to ols. Under the clo c k rate condi- tion, it app ears that this FPU requires ab out 120,000 gates and marks 8.2 MFLOPS with the clo c k lev el sim ulation. I. Intr oduction Although it is easy to enhance the p eak p erformance of the m ultipro cessor only b y adding man y pro cessing units, it is di�cult to exploit e�ectiv e p erformance for users without supp ort of automatic parallelizing compil- ers. Ho w ev er, suc h compilers ha v e b een tailored for ex- isting m ultipro cessors whic h are designed without care of them w ell. The m ultipro cessor system ASCA(Adv anced Sc heduling orien ted Computer Arc hitecture) has b een prop osed based on the idea that not the parallelizing soft w are is tailored for mac hines, but a m ultipro cessor system should b e designed to mak e the b est use of par- allelizing soft w are. The goal of ASCA system is to ex- ploit parallelism of the user program in v arious lev els of gran ularit y b y sc heduling at compile time with automatic m ulti-grain parallelizing compiler and sc heduler[1], and the pro cessor MAPLE(Multipro cessor system ASCA Pro- cessing eLEmen t) is designed to supp ort them o v er-all[2]. The pip eline structure and instruction set arc hitecture of MAPLE are similar to those of DLX[3], a simple but p o w- erful RISC mo del pro cessor. I I. MAPLE FPU A. F eatures The k ey function of MAPLE is a high p erformance oating p oin t arithmetic unit since application �eld of ASCA system mainly targets on scien ti�c calculations. The FPU conforms to the IEEE 754 oating p oin t binary arithmetic standard[4], and pro vides instructions of the four fundamen tal rules of arithmetic in double precision, oating p oin t comparison, and format con v ersion b et w een in teger and oating p oin t n um b er. The FP execution stage is further divided in to sev en pip elined functional units. Eac h functional unit is fully pip elined except for divide instructions(�gure 1). Fig. 1 . Floating P oin t Execution Stage T able I sho ws the required cycle time to complete eac h op eration at the FP-EX stage. Latency and throughput for single precision data are the same as those for the double precision. T ABLE I FP execution st a ge specifica tion Op eration Algorithm y 1 y 2 FP add/sub. - 3 1 FP m ult. Radix-4 Bo oth enco de, 4 1 W allace tree compress FP div. Radix-2 SR T 21 18 FP compare - 1 1 F ormat con v. - 2 1 INT m ult. Radix-4 Bo oth enco de, 2 1 W allace tree compress INT div. Radix-2 SR T 12 10 y 1: Latency [clo c k cycle], y 2: Throughput [clo c k cycle] Generally , oating p oin t arithmetic instructions tak e a long time to complete compared with in teger instructions. A common FPU in tegrated in an o�-the-shelf general- purp ose pro cessor returns the result as quic k as p ossible according to input v alues. F or example, when executing 0.0 � 0.0, suc h FPUs return the result in a cycle. Ho w- ev er, this metho d is not desirable for ASCA system, since a compiler cannot predict the b eha vior of the pro cessor. That is, the MAPLE FPU should complete ev ery instruc- tion in a �xed cycle time. Ho w ev er, suc h approac h often degrades the p erfor- mance. MAPLE FPU is designed not to degrade it as p ossible. In order to ac hiev e high p erformance scien ti�c calculations ev en with suc h a restriction, the R TL design of the FPU is highly timing aggressiv e. Figure 2 sho ws an example of blo c k diagram of oating p oin t add mo d- ule. Tw o 53bit adders are parallelized for reducing the latency . Moreo v er, the disadv an tage is also reco v ered b y the ASCA parallelizing compiler using static sc heduling metho d whic h can mak e the b est use of op eration lev el parallel pro cessing. Fig. 2 . Basic P attern of Timing Aggressiv e R TL Design B. P erformance The p erformance of the MAPLE FPU with 50MHz clo c k is ev aluated with Men tor Graphics’ Quic k HDL sim- ulator. Figure 3 sho ws the recipro cal of FFT execution time and p erformance (MFLOPS) of ‘FLOPS’ b enc hmark program. The FFT pro cesses double precision 2 20 data and ‘FLOPS’ executes n umerical in tegration and Maclau- rin series expansion in double precision. Fig. 3 . Ev aluation of FFT and FLOPS Program I I I. Implement a tion The MAPLE FPU c hip in this study has b een fabri- cated with the program of VLSI Design and Education Cen ter (VDEC), the Univ ersit y of T oky o with the col- lab oration b y Rohm Corp oration and T oppan Prin ting Corp oration. The syn thesis result of the mo dule using the Rohm tec hnology(table I I), sho ws that the hardw are amoun t of FPU mo dule requires ab out 120,000 gates(table I I I). T ABLE I I The Specifica tion of MAPLE FPU T ec hnology Die size P ac k age CMOS 0.6 � m Std.Cell 79.39mm 2 QFP 208pin Metal 3, P oly 2, Vdd=5V T ABLE I I I Amount of ga tes of MAPLE FPU Blo c k #of cell NAND-gate eqv. Fp add/sub. 9,222 17,438 Fp m ult. 21,728 41,086 Fp div. 10,184 19,258 In t m ult. 6,484 12,261 In t div. 5,087 9,620 Rest of FPU 12,717 24,048 FPU total: 65,422 cells (123,712 gates) Figure 4 sho ws the FPU cell la y out and photograph. Fig. 4 . The MAPLE FPU Cell La y out and Chip IV. Conclusions W e describ e that the MAPLE FPU supp orts automatic parallelizing compiler for e�ectiv e p erformance. Although the p erformance is lo w er than those of recen t sup erscalar pro cessors, the gate n um b er of MAPLE FPU is so small that the cost/p erformance of the MAPLE cluster has p ossibilit y to o v ercome that of recen t high p erformance pro cessors in scien ti�c calculations. The FPU c hip will b e v eri�ed and ev aluated with the logic tester system (Sc hlum b erger ITS 9000 EXa) installed in VDEC. A ckno wledgments W e w ould lik e to express our sincere gratitude to Men tor Graph- ics Japan for pro viding design to ols in the univ ersit y program(HEP). This study is supp orted b y ST AR C (Semiconductor T ec hnology Academic Researc h Cen ter, Japan) as the pro ject \A pro cessing el- emen t for static sc heduling and compiler orien ted m ultipro cessor." References [1] H.Kasahara, H.Honda, A.Mogi, A.Ogura, K.F ujiw ara, S.Narita,\A Multi-Grain P arallelizing Compilation Sc heme for OSCAR", 4th Workshop on L anguages and Compilers for Par al lel Computing , 1991. [2] T.F ujiw ara, K.Sak amoto, T.Ka w aguc hi, K.Iw ai, H.Amano, \A Custom Pro cessor for the Multipro cessor System ASCA", Applie d Informatics ’98 , 1998, pp258-261. [3] J.L.Hennessy and D.A. P atterson, COMPUTER AR CHI- TECTURE A QUANTIT A TIVE APPR O A CH SECOND EDITION , Morgan Kaufmann Publishers, 1996. [4] The Institute of Electrical and Electronics Engineers Inc., IEEE Standar d for Binary Flo ating-Point Arithmetic , ANSI/IEEE Std 754-1985, 1985.