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What is the Micron FRISC Project?

.EBlSQ - Stands for: Floating Point Reduced Instruction Set Computer

Objectives:

1. Design and Develop the World's Fastest Single Chip Processor
2. Construct Systems From Processor Chip:

(SS) Scalar Supercomputer (256 MByte - 1 GByte)
(MP) Multi-Processor 8 - 32 Processors (256 MByte - 1 GByte)
(LSP) Large Scale Parallel Processor 64 - 256 Processors

(32 MByte - 128 MByte per Node)
(RTW) Real Time Unix Workstation
(RTL) Real Time Unix Laptop

3. Construct Embedded Control Board Level Products

performance Measyres:
Peak Performance:

160 MFlop - 160 million Floating Point Operations per second
peak rate for single precision IEEE format (32 bit)

80 MFlop - 80 million Floating Point Operations per second
peak rate for double precision IEEE format (64 bit)

Sustained Performance:
UNPACK Benchmark 38 - 42 MFlop, Double Precision

75 - 80 MFlop, Single Precision
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FRlse SS - Scalar Supercomputer System Block Diagram
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FRISC SS - Scalar Supercomputer System Block Diagram
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FRlse MP - Multi-Processor System Block Diagram
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3.4

FRlse LSP - Multi-Mode Large Scale Parallel Processor
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Target Applications

scientific and Technical Users:

1. Electronic simulation - analog and switch level simulation
SPICE, SIlDS, COSMOS, VERIlDG, MSC/EMAS

2. ProcessSimulation -
Supreae,pisces

3. Mechanical simUlation - finite elementand finite difference
Nastran, Patran, ADINA, CINDA, DYNA3D

4. Fluid Dynaaics - Navier stkes Equations
FIDAP, (ADM, ARC3D, F1D52, OCEAN, SPEC77)

5. Mathe...tics -IMSL, LINPACK, EISPACK, SPARSEPACK, Mathematica

6. optical Design
ACOS5

7. 3D Graphics and Rendering
Wavefront Technologies

8. ComputationalChemistry
(BOHA, IIDG, QCD, TRFD)

9. l_ge and signal Signal processinc:J-
Radar, Sonar, speechprocessing,l ...ge compression

10. Medical l_ging-
MRI l ..ge Reconstruction



FRISC Chip Unique Architecture Features

• Processor bus unit directly supports a 32 way. bank interleaved. DRAM memory
system and inpuVoutput memory

• Block transfer load/store operation permits concurrent execution unit and data
load store unit operation

• Vector interrupt unit supports premptable and non-premptable interrupts with
interrupt latency as short as 2 machine cycles

• Single cycle floating point units support 32 bit. 64 bit. fixed point and 32 bit. 64 bit
IEEE floating point formats and chain mode operation in floating point

• Eight fully associative instruction buffers auto load with a least recently used
replacement strategy. and permits concurrent execution and instruction
buffer load ｯ ｰ ｾ ｲ ｡ ｴ ｩ ｯ ｮ

• Pipeline interlocks and vector interrupts supported in hardware

leRC
TECM«llOGY.1Nt

Instruction Set Summary (10F2)
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Instruction Set Summary (20F2)
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Micron FRISC Supercomputer Chip
Function Block Diagram
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Unique Bank Interleaved Main Memory System
Provides 640 MByte/Second Burst Transfer Rate
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Bus Interface Unit
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Vector Interrupt Unit State
Transition Diagram

Floating Point Units
Chained Mode Operation
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3.10

Fast Newton Method for Divides and
Square Root Computations

RECIPROCAL ITERATIONS

COMPUTATION XR OPERAND XS OPERAND COMMENTS

1. X(O) c seed lookup

2. p(O) = cX(O) X(0) c mixed precisionwith
feedback• 0

3. X(1) - X(O)(2 - p(O» x(O) p(O) mixed precisionwith
feedback• 0

4. pel) = cX(l) X(l) c mixed precisionwith
feedback- 0

5. x(2) - X(l)(2 - p(l» x(l) pel) mixed precisionwith
feedback- 0

6. p(2) ., cX(l) X(l) c fixed point, full c
LSB's of x(l)

7. p(2) - cx(1) x(1) c mixed precisionwith
feedback from step 6.

8. X(3) - X(2)(2 - p(2» x(2) p(2) fixed point, full p(2)
LSB's of x(2)

9. x(3) ., X(2) (2 - p(2» x(2) p(2) mixed precisionwith
feedback from step 8.

leRe
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Fast Newton Method for Divides and
Square Root Computations

RECIPROCAL COMPUTATION OF xC"l):

where: xCa+1). X(.) (2 - p(m»
pCa) - cx(.)
pCa) - 2**Calpha) (1.fp), fp - p(n-2)p(n-3)••• p(O)
alpha • exponentvalue of pea)

xc.) • (-1)**sx 2**(xexp - bias)( 1.fx)
xexp - biasedexponentof x(a)
bias • IEEE bias value 1023 for double and 127 for single

precision floating point
fx - x(n-2)X(n-3)••• x(O), x(.) fraction field

CASE 1. pea) exponentvalue (alpha) - ｾｬＮ _. -

x("1) - « 1.0p(n-2) p(n-3)•••p(O) ) ( 1.x(n-2)x(n-3)••• x(O)

+ 2**(-n)( 1.x(n-2)x(n-3)•••X(O) » «-1)**sx) 2**(xexp - bias)

CASE 2. pea) exponentvalue (alpha) • 0

X("1) • « P'("n-2f. p(n-3)•••p(O) )( 1.x(n-2)x(n-3)...x(O)

+ 2** (-n+2)( 1.x(n-2)x(n-3)•••X(O) » «-1)**sx) 2**(xexp - bias -1)

leRe



Fast Newton Method for Divides and
Square Root Computations

RECIPROCAL SQUARE ROOT ITERATIONS

COMPUTATION XR OPERAND XS OPERAND COMMENTS

1. x(O) c seed lookup

2. q(O) - X(O)X(O) X(O) X(O) aixed precisionwith
feedback- 0

3. p(O) - cq(O) q(O) c aixed precisionwith
feedback- 0

4. x(l) - .5X(0)(3 -p(O» X(O) p(o) aixed precisionwith
feedback- 0

5. q(l) - x(l)X(l) X(l) x(l) aixed precisionwith
feedback- 0

6. pIll - cq(l) q(l) c aixed precision with
feedback- 0

7. X(2) - .5X(1)(3 - ｰ･ｬﾻｾ X(l) p(1) aixed precision with
feedback- 0

8. q(2) - x(2)x(2) x(2) x(2) fixed point, full x(2)
LSB's of x(2)

9. q(2) - x(2)X(2) X(2) x(2) aixed precisionwith
feedback fro. step 8.

10. p(2) - cq(2) q(2) c fixed point, full c
LSB's of q(2)

U. p(2) - cq(2) q(2) c aixed precisionwith
feedback froa step 10.

12. X(3) •• 5X(2)(3 - p(2») X(2) p(2) fixed point. full p(2)
LSB's of x(2)

13. x(3) ••5X(2)(3 - p(2») X(2) p(2) aixed precision with
feedback froa step 12.
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Fast Newton Method for Divides and
Square Root Computations

RECIPROCAL SQUARE ROOT COMPUTATION OF x(m+l):

fx K

x(m+l)
p(m)
pCm)
alpha
xClII) ..
xexp
bias ..

where: • .5x(m)(3 - p(m»
• cx(m)**2
• 2** (alpha)(l.fp), fp. p(n-2)p(n-3)••• P(O)
• exponentvalue of p(m)

(-l)**sx 2**(xexp - biaa)( l.fx)
biasedexponentof x(m)
IEEE bias value 1023 for double and 127 for single

precision floating point
x(n-2)x(n-3)••• X(O), x(m) fraction field

CASE 1. p(m) exponentvalue (alpha) - 0

xCm+l) .. « l.p(n-2) p(n-3)•••p(0) )( l.x(n-2)x(n-3)•••X(0)

+ 2**(-n+l)( l.x(n-2)x(n-3)••• x(0) » «-l)**sx) 2**(xexp - bias -1)

CASE 2. p(m) exponentvalue (alpha) • -1

SUBCASE 1. p(O) .. 0

X(m+l) .. « 1.00p(n-2) p(n-3) •••p(l) )( 1.x(n-2)x(n-3)•••X(0) )

+ 2** (-n-l)( l.x(n-2)x(n-3)•••x(0) )} «-l)**sx) 2**(xexp - bias)

SUBCASE 2. p(O) - 1

X(a+l) - « 1.00P<n=2rP<D=3)•••P7l) )( 1.x(n-2)x(n-3)••• x(0) }

+ 2**(-n)( 1.x(n-2)x(n-3)•••X(0) )} «-l)**sx) 2**(xexp - bi••) IC:RO
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Daxpy Scatter/Gather

This COCl8 overlaps anlhmellC and110 cycI8s
by UNO.ng \he loop andaoutlle-bullenng \0
l hel1lO'Sl8rlil8:

.ddlu

.d

LI: Cbt1.l
rauL1
r...1.1
r"'l.l
r_l.1
cbt.l.l
radd.l
racld.l
racld.l
hcld.l
cbts.l
acldl
acldl

cbtl.l

r'l,ICrOI
r2, r2,l

rl, r3. r'l. 4
r16.rl6, r'
rll. rll, Jr6
r20,r20. r6
r22, r22,r6
1'24,r4,r1,4
r32.r32,r16
r34, r34.JrIl
r36,r36.Jr20
rll, rJl, r22
r32,r4. r'l. 4
d, 32Cr31
Jr4,32 Cr4)

rl6, r3. r'l. 4

; ..,1 - 1IP1I2

rl.rlO,r12.r14 c- ."U.4I,."U.S)••.
r16 c- ••·."(1)
rll c- ••·."U.1I
r20 c- ••••" U.2)
r22 c- •• ' •• U. 31
r24, Jr26.r21. r30 <- .y U.4I,.y U.S) ...
r32 c- .yUI •••·."UI
r34 c- .yU.U •••·."Il.11
r36 c- sy11.21 ·511(1021

; rll <- .y(1.31 • •• 11.31
.yl1l ••yU.!I ••.•syU.31 c- r32•...rJl

., .2nd h.lf or loop
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.cldl d,4(rl)

.cldl r3. 32Cr))

.ubcc rD. d, r 2
ble LI
.ddl r4. 32Cr4)
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FRISC Chip and System Patents Pending

A Flexible MicroprocessorBus unit for the Operationof a High
Speed Bank InterleavedDRAM Memory System.

Fast Newton Iterations for Reciprocal and Reciprocal squareRoots. (3)

Easily ConfiguraableFully Differential Fast Logic Circuit.

Universal Multiplier Accumulator.

High SpeedCMOS Driver Circuits.

Area Efficient Clock Noise Reduction in an IntegratedCircuit
Substrate.

Block TransferRegisterScoreboardUnit for· Data Processingsysteas.

High Speed, Five Port RegisterFile Having SimultaneousRead
and Write and High Toleranceto Clock Skew. .

A RISC MicroprocessorPriority Vector Interrupt Systemwith
Premptableand Non-PremptableOperationModes for the Direct
supportof a Real Tiae operatingSystem.

High SpeedFully AssociateInstruction Buffer with Least Recently
Used ReplaceaentStrategyand Block Transfer Load operation.

A Bank InterleavedMemory Buffer.

A RISC Floating Point Unit that SupportsChainedMode Instruction
Executionand Hardware Pipeline Interlocking.
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System Software Architecture
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