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31

0000 0000 NOP (No Operation)
0000 0001 HLT (Halt)

28 27 24 23 20 19 12 11 0

o | sub-0P| @ Jo - - 0 | disp |

0001 0000 BRA (Branch Always):PC « PC+1+disp, —2048=disp=2047
0001 0001 BEZ (Count and Branch on Equal Zero):
GR «— GR—1,if GR=0,then PC « PC+1+disp,otherwise PC«PC+1

0001 00 0 BNZ (Count and Branch on Not Equal Zero)
GR «— GR—1,if GR#0,then PC « PC+1+disp,otherwise PC«—PC+1

31 28 27 24 23 20 19 16 15 0

P | sub-0P| &R | o000 | Imm (16bit)

2.

3

0010 0000 LDI (Load Integer Immediate): GR « Imm
0010 0001 ADDI (Add Integer Immediate): GR « GR + Imm
0010 0010 SUBI (Subtract Integer Immediate): GR < GR— Imm

FEBMHMAGS

(Load d8 &)

1 28 21 24 23 20 19 16 15 12 11 0
T

; T
0P 1Sub—0P| GR MSB(reg)l Rd |address(10bit)/disp(8bit)

31

1000 xxxx FLD (FP Load Direct); Rd < Separate(DM(address))
1001 0000 FLRI (FP Load Register Indirect): Rd « Separate(DM((GR)+disp)))
1001 0010 FLRI (FP Load Register Indirect, Pre_increment):
GR < GR+1, Rd « Separate(DM((GR)+disp)))
1001 0011 FLRI (FP Load Register Indirect , Post decrement):
Rd « Separate(DM((GR)+disp))),GR «— GR—1

(Store &8 %%)
28 27 24 23 20 19 16 15 12 11 0

OP  isub-0P | @R MSB (reg)l Rs |address(10bit) /disp(8bit)

31

1010  xxxx FSD (FP Store Direct ):DM (address) « Combine(Rs)
1011 0000 FSRI (FP Store Register Indirect ): DM((GR)+disp) < Combine(Rs)
1011 0010 FSRI (FP Store Register Indirect, Pre_increment):
GR < GR+1,DM ((GR)+disp) <« Combine(Rs)
1010 0011 FSRI (FP Store Register Indirect, Post_decrement):
DM((GR)+disp) « Combine(Rs), GR «— GR—1

(EE@&T)

28 ‘27 24 23 2019I | 1|6 15 12 11 8 7 4 3 0
0P isub-0P [x x x x [mSBlreg)] Rd | Rs2 | Rsi Rs0

1100 0000 FMOV ( FP Move ) : Rd < Rs0
0001 FNMOV ( FP Negative Move ) : Rd « —Rs0
0010 FABS ( FP Absolute ) : Rd « | RsO |
0011 FCMP ( FP Compare ) : Rsl — Rs0, Set Status.
0100 FADD ( FP Add ) : Rd « Rsl + Rs0
0101 FSUB ( FP Subtract ) : Rd < Rsl — Rs0
0110 FMLT ( FP Multiply ) : Rd « Rs1xRs0
0111 FDIV ( FP Divide ) : Rd « Rs1+Rs0
1000 FMADD ( FP Multiply and Add ) : Rd <« RsIxRs0+ Rs2
1001 FMSUB ( FP Multiply and Subtract ) : Rd « Rs1xRs0— Rs2
1010 FNMLT ( FP Negative Multiply ) : Rd < (— Rs1)xRs0
1011 FNDIV ( FP Negative Divide ) : Rd « (— Rs1)+Rs0
1100 1100 FSQRT ( FP Square Root ) Rd «— SQRT(Rs0)

oo WARL—2 33— F (0P, Sub-0P) IZCDWTIXEXREETHY,
EZELTWLWAL. Xikdon t care z&RY.
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start:
FLD RO, 008 ;RO—2
FLD R1,009 JR1—a0
FLD R2, 00A 'R2<al
FLD R3,00B ;R3—a2
FLD R4, 00C ;R4—a3
FLD R5, 00D ;Rb—a4
LDl GR1,n LV—TE#HnEE
loopl:
FNMLT R7,R2,R2 RT——ay
FMLT R8,R3,R3 (R8— a,?
FNMLT R9, R4, R4 :R9<——a32
FMLT R11,R3,R1 iR1T—ajag
FNMLT R12, R4, R2 iR12— — agay
FMLT R13,R5,R3 i R13—ayay
FMLT R14,R5,R1 iR14—ayag
FMLT R11,R11,R0 ;R11<2aja
FMLT R12,R12,R0 ;R12< —2aja,
FMLT R13,R13,R0 ;R13<2aya,
FMLT R14,R14,R0 ;R14<2a4a
FMLT R1,R1,R1 R1—ag ap B &
FMLT R5,R5,R5 (R5— a4l as B
FADD R3,R8,R12  ;R3<—as—2aza,
FADD R2,R7,R11  ;R2——al+2ajay ay B
FADD R4, R9,R13  :Rd——af2aja, a3 B
FADD R3,R3,R14 :R3<—a22—2a3a1+2a4a0 a, B
BNZ GR1, loopl GR1<GR1-1, if GR1#0 then go to loopl
FDIV R5,R4,R5 JRb—ajz/ay
FDIV R4, R3, R4 R4—ay/ag
FDIV R3,R2, R3 R3—ay/a,
FDIV R2, R1,R2 R2—ag/a;
FABS R5,R5 RE—ay, ay4=1az/ayl
FABS R4,R4 ;R4<—CI3, a 3= | 82/33 |
FABS R3,R3 R3—ay, a,=1aj/ay|
FABS R2,R2 R2—ay, aq=1ap/ay |
LDI GR1,n W—TE#HnEE
loop2:
FSQRT R5,R5 JRE—SQRT (& 4)
FSQRT R4, R4 i R4—SQRT (a 3)
FSQRT R3,R3 7 R3<—SQART (& »)
FSQRT R2, R2 7 R2—SQRT (a 4)
BNZ GR1, loop2 ;GR1<=GR1-1,if GR1#0 then go to loop2
END: HLT

1) L, B2 BLIO4%kFEA asX4+aszX3+asX2+a1X+a0=0 O % ¥ a0,al1,a2,a3,a4
[ DM(F— % A Y )D 008 FH n SIEICHKM S LTV D,

2 EH 2, BEO (x-2)x-e)Mx-V7.4)(x-3)=0 D{E¥ L, 64bitURR, L4 URR T
UTo Xz s.

64bit URR (16 it #5d) 64bit #L3E URR(p=4, q=16, 16 1 F i)
2: 6000 0000 0000 0000 2: 5000 0000 0000 0000
a0: 7962 EFEF 9025 ECA5 a0: 6562 EFEF 9025 ECA5
al: 85E9 956A 8ESC 6064 al: 99E9 956A SESC 6064
a2: 7944 B301 BF3A E98F a2: 6544 B301 BF3A E98F
a3: 8ACT DCBE 7179 D716 a3: 9D63 EE5F 38BC EBSB

a4: 4000 0000 0000 0000 a4: 4000 0000 0000 0000
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Development of a High Performance Computing
Architecture for URR Floating-Point Arithmetic and
its Implementation
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This paper describes a novel FPU (Floating-Point Unit) for 64-bit URR and 64-bit
extended URR floating-point arithmetic which achieves high performance close to that
of the IEEE 754 FPU. URR has some desirable characteristics such as being free from
overflows and underflows in practice, and its data format being independent of data
length. However, it needs longer calculation process because of its complex exponent
part.

The proposed architecture is based on an idea that reduces latency of the
calculation pipeline. The FPU generates a 32-bit exponent and a 64-bit significand
from a URR representation or an Extended URR representation, and store them
to (32+64) -bit floating-point register respectively. The conversion to 96-bit format
occurs immediately after the load instruction of the original data, and the reverse
conversions are executed prior to the store instructions of the computed floating-
point numbers. We implemented Graeffe’s method to evaluate the FPU with practical
programs. While the IEEE 754 FPU can not perform enough iterations necessary
for Graeffe’s method, because coefficients grow rapidly and exceed the maximum
range of the exponent, but the proposed FPU can do. The total number of clock cycles
necessary for the execution of the evaluation program on the proposed FPU is almost
the same as that for the IEEE 754 FPU. We also evaluate the relative errors of the
computed roots of the biquadratic equation to real values. While the computation can
be carried out within the floating-point registers, relative errors are small and flat
regardless of the size of the exponent in both URR and extended URR. On the other
hand, when the floating-point calculations include load and store instructions for
the intermediate values where the size of the exponent is very large, Extended URR

achieves significant improvement in relative errors.





