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[ What is the Micron FRISC Project?

FRISC - Standsfor: 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 Measures:
Peak Performance:

160 MFlop - 160 million Fioating 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:

LINPACK Benchmark 38 - 42 MFlop, Double Precision
75 - 80 MFlop, Single Precision
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( FRISC SS - Scalar Supercomputer System Block Diagram

\_ MICRON

( FRISC MP - Multi-Processor System Block Diagram W
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FRISC 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, SILOS, COSMOS, VERILOG, MSC/EMAS

2. Process Simulation -
Supreme, Pisces

3. Mechanical Simulation - finite element and finite difference
Nastran, Patran, ADINA, CINDA, DYNA3D

4. Fluid Dynamics - Navier Stkes Equations
FIDAP, (ADM, ARC3D, FLOS52, OCEAN, SPEC77)

5. Mathematics -
IMSL, LINPACK, EISPACK, SPARSEPACK, Mathematica

6. Optical Design
ACOS5

7. 3D Graphics and Rendering
wavefront Technologies

8. Computational Chemistry
(BDNA, MDG, QCD, TRFD)

9. Image and Signal Signal Processing-

Radar, Sonar, Speech processing, Image Compression

10. Medical Imaging-
MRI Image Reconstruction
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FRISC Chip Unique Architecture Features h

* Processor bus unit directly supports a 32 way, bank interleaved, DRAM memory
system and input/output 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
bufter load operation

* Pipeline interlocks and vector interrupts supported in hardware

Jvm:nad
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Instruction Set Summary (10F2)
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Instruction Set Summary (20F2)

1. Load snd Stors lnstructions

The load and store instruchions conaist of:
- byte, haliword, woed, wmwww-

2. Computational Instructions
b. R Type Fued Pont Compuiztional Insinuctons

Both 32-ba and 6404 (aed POUR CPIARONS Bre SUPPOMed.

3. Control Transter instructions

Control wansier instuckons change the instrudton
How ol a program. Thase instnucions wciude.

‘operations. 1. Add - Jump and kink for subroutne cals
inad and store 2. Ad - Conddwnal branch on ALU sesult
3. s&:rzuﬁ‘ « Unonndd branch
& +Type Load and Siore instructions bl oy Condion, signed
1. \osd Byte :, &::::w:mmmm a. J- Type Conisol Transies insinuctions
2. (oad Byte Ungigned 7. Maumusen 1. Jmp
3. Load Hallword 8. Mnimom 2. Jump And Link
s ﬂm Yo.50 b. R Type Conwoi T Inatructors
& Load Doubleword 11, Exclusive Or e -
= HE b et
3. S vion 14 Shi Lo
0. b ry e © J Type Sranch instracions
10. Store :Gmgj‘wﬂgﬂl‘ 1. Condaional Branch on Equal
o ot s e 4 B VTS, = .
h|’.1n,n:u..m g g:s“""""""""‘“’""" : Comaonl B oo e o
2 mnw - Moty € g Branch on Greater Than
Control 1o Coprocssans . Conditional Sranch
4. Coprocessor Operation 8. Condsional m:\'uu and Link
9. Condmuonal Branch on Less ot Exual and Link
¢ R- Type Block Transier Load/Siors insvuctons 17 Conduonel Branch on Gremer Than snd Link
{ wdmyﬂmg <. R- Type Floaing Posnt Computational insiructions 12. Condiional Sranch on Greater Than or Equal end Link
L B e errcond Lood 1 Floaing Point Recerocal (64-6i DF ank)
LG ol lierieds Siore 2 mmz‘j"‘"‘ 4. LType Loed immediats inswuctions
4 Fiostng Pont Subleact 4 Load inmedisle nsvuriions are used
S. Floating Point Subtract and Campuse Conditions 0 form arbitrary 3204 velues from
;:Mmu-m 0.0'. dela in conpNCIDN
2. Computational inetrucuens ;T :m"mmm
e I - o T et bt
_ooral cparsons pomt " 320 faed to 32.0% 14 5. Gpacis! Regiser Lead/Siore Mewuctions
- bt el Operasone 64-be fxed 10 64-4 lloat
-bi fwad 10 64-0¢ toat 1. Special Register Doubleword Loed
) ionai jona are both 1-Type and R-Typs. |2.sz‘:.=unﬁumw 2 Specal Reguster Dovbieward Siore
a + Type Computatonal instuctons u_:.“mm';g.,:?mm 6. System Control Inswuctions
Immediate 064
; mmm G4-b¢ toat 1o 3204 Boat 2 min. SuBerveos reset (%)
3. Subtracy and Compute syned 3. Normal Ext (rap}
4. Suttraa and Compate 4. Cioar P
: &"‘m :.SMProovnmﬂT-n
7. Exchsswe Or immadiats 7. Vecior Exu, relan supsrviaor mode {(mp)
Micron FRISC Supercomputer Chip
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L
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3.8

Bus Interface Unit
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Vector Interrupt Unit State
Transition Diagram
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Floating Point Units
Chained Mode Operation
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Fast Newton Method for Divides and
Square Root Computations

COMPUTATION
x(0)

P(0) = cx(0)

. X(1) = x(0) (2

P(1) = cx(1)

x(2) = x(1) (2

. p(2) = cx(1)

P(2) = cx(1)

. %X(3) = x(2)(2

. X(3) = %(2)(2

RECIPROCAL ITERATIONS

- p(0))

P(1))

pP(2))

- p(2))

c

%(0)

x(0)

x(1)

x(1)

x(1)

x(1)

x(2)

x(2)

XR OPERAND XS OPERAND

p(2)

p(2)

COMMENTS
seed lookup

mixed precision with
feedback = 0

mixed precision with
feedback = 0

nmixed precision with
feedback = 0

mixed precision with
feedback = 0

fixed point, full c
1SB's of x(1)

mixed precision with
feedback from step 6.

fixed point, full p(2)
ISB's of x(2)

mixed precision with
feedback from step 8.

MICR
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Fast Newton Method for Divides and
- Square Root Computations

“\

RECIPROCAL COMPUTATION OF x(m+l):

wvhere: x(m+l)

p(m)
P(m)

alpha

x(m) (2 - p(m))
cx(m)

2+*#(alpha) (1.fp), fp = p(n-2)p(n-3)... p(0)
exponent value of p(m)

xX(m) = (-1)+*#gx 2+*({xexp - bias)( 1.f£x)
xexp = biased exponent of x(m)
bias = IEEE bias value 1023 for double and 127 for single

precision floating point
x(m) fraction field

tx = x(n=2)x(n-3)... x(0),

CASE 1. p(=m) exponent value (alpha) = -1

x(m+1l) = ({ 1.0p(P=2) P(PA=3)...P(0) ){ 1.x(n=2)X(n=3)...%x(0) )

+ zttf-n)( 1.x({N=2)x(Nn=3)...X(0) )} ((=1)**sx) 2*+*(xexp - bias)

CASE 2. p(m) exponent value (alpha) = 0

x{(m+l) = ({ p(n=-2). p(n=3)...p(0) ){ 1.xX(n=-2)x(n=-3)...%x(0) }

+ 2¢8(=n+2){ 1.xX(N-2)%(N-3)...X(0) }} ((=1)**sx) 2+%+*(xexp - bias -1)

_MicRoN



Fast Newton Method for Divides and
Square Root Computations

10.

11.

12.

13.

RECIPROCAL SQUARE ROOT ITERATIONS

COMPUTATION
. x(0)
- q(0) = x(0)x(0)
- plo) = cq(o)
. x{1) = .5X(0)(3
+ q(1) = x(1)x(3)
. P(1) = eq(l)
. x{2) = .5X(1)(3
- qgl2) = x(2)x(2)
- q(2) = x(2)x(2)
P(2) = €q(2)
p(2) = eq(2)
x(3) = .5x(2)(3
x(3) = .5%x{2)(3

XR OPERAND XS OPERAND

c

x(0)

q(0)

-p{0)) =(0)

x(1)

q(1)

= p(1)) x(1)

x(2)

x(2)

q(2)

q(2)

- p(2)) x(2)

- P(2)) x(2)

x(0)

<

p(o)

x(1)

p(1)

x(2)

x(2)

P(2)

p(2)

COMMENTS
seed lookup

nixed precision with
feedback = 0

mixed precision with
fesdback = 0

mixed precision with
fesdback = 0

mixed precision with
fessdback = 0

mixed pracision with
feaedback = O

mixed precision with
feedback = 0

fixed point, full x(2)
1SB's of x(2}

mixed precision with
fesdback from step 8.

fixed point, full ¢
LSB's of q(2)

mixed precision with

feadback from step 10.

fixed point, full p(2)
1LSB's of x(2)

mixed precision with

fesdback from step 12.

MICR
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Fast Newton Method for Divides and

Square Root Computations

~

RECIPROCAL SQUARE ROOT COMPUTATION OF XxX(m+1):

where:

CASE 1.

X (m+1l)

p(m)
P(m)

alpha

x(m)

xexp
bias

fx

-5x(m) (3 - p(m))

2+*(alpha)(1.fp), fp = p(n-2)p(n-3)... p(0)

= cx(m)**2

exponent value of p(m)

= (~1l)®2gyx 2%+*(xexp - bias)( 1.fx)
= biased exponent of x(m)

= IEEE bias value 1023 for double and 127 for single
precision floating point
= xX(n=-2)x(n-3)... x(0),

p(m) exponent value (alpha) = 0

x(m) fraction field

x(w+l) = ({ 1.p(n-2) p(n-3)...p(0) }{ l.x(n-2)x(n-3)...%x(0) )

+ 2% (=n+l1)( 1.X(N-2)x(N=3)...%(0) )} {((-1)**8x) 2+**(xexp - bias -1)

CASE 2.

p(m) exponent value (alpha) = -1

SUBCASE 1. p(0) = 0

x(m+l) = ({ 1.00p(n=-2) p(n=3)...p(1) }{ 1.x(n=2)x(N=3)...x(0) )

+ 2% (=n=-1){ 1.%X(N=-2)x(N=3)...%(0) )) ((=1)*#sx) 2¢*+(xexp - bias)
SUBCASE 2. p(0) = 1

x(m+l) = ({ 1.00p(n=2) p(n=3)...pP(1) }{ 1.x(n=-2)x(n=3)...x(0) }

+ 2% (=n)( 1.x(n=-2)%x(N=3)...%X(0) )} {(~1)*#gx} 2¢*(xexp - bias) MI:HDN
TECLONY, 0. 3

~
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Daxpy Scatter/Gather

This code overtaps anthmelc and VO cycies
by g 1he 100p and double 10
the register flg:

addiu  £7,8(x0)
arl r2,22,1% i mpl = mpl/2

Ll: ebrl.l r0,53,77,4 ¢ £h, 110,012,114 <= ax(ied), sx {8451 ...
r16,716,76 ;16 <= sarsx(i)

riS, r18, 6 i rif <~ *sx(i+1)

£20,r20,16 i 520 <~ ‘ax(ie2)

r22,x22,r6 : £22 <= sa*sx(i+])

£24,74,17,4 : r24,r26,r28,rd0 <~ sy{isd),sytii+5) ...
32,532,116 ¢ €32 <- syli)ssasxil)

34, x4, 118 i €34 <= sytiel)esacsx(lel)

36,536,520 : £36 <~ sy(1¢2)esa"3x(1+2)

£d8, 38,222 £I8 <~ 3y(i+3)esa®ax(iel)

r32,r4, 7,4 ; osytil.ayitel), .. .oy(d+d) <- £32,...7rd8
3ddi €3,32(eD)

akii r4,32(c&})

I
-
1t 0 B ot e e o e B B w6

cbei.l r16,r3,x7,4 i ...2nd haltf of loop

add1 rl, 4qrl)
addi r3, 32(r))
subcc  £0,rl,r2

Ll
add} ¥4,32(r8)

cleanup code

Total s 46 machne cycles

MIcRON
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FRISC Chip and System Patents Pending

A Flexible Microprocessor Bus Unit for the Operation of a High
Speed Bank Interleaved DRAM Memory System.

Fast Newton Iterations for Reciprocal and Reciprocal Square Roots. (3)
Easily Configuraable Fully Differential Fast Logic Circuit.

Universal Multiplier Accumulator.

High Speed CMOS Driver Circuits.

Area Efficient Clock Noise Reduction in an Integrated Circuit
Substrate.

Block Transfer Register Scoreboard Unit for Data Processing Systems.

High Speed, Five Port Register File Having Simultaneous Read
and Write and High Tolerance to Clock Skew.

A RISC Microprocessor Priority Vector Interrupt System with
Premptable and Non-Premptable Operation Modes for the Direct
Support of a Real Time Operating Systenm.

High Speed Fully Associate Instruction Buffer with Least Recently
Used Replacement Strategy and Block Transfer Load Operation.

A Bank Interleaved Memory Buffer.

A RISC Floating Point Unit that Supports Chained Mode Instruction
Execution and Hardware Pipeline Interlocking.

MicRoN




System Software Architecture

Sun
SPARCstation DEC 3100 1BM RS/6000 VAX
FRISC Software
Development
Environment
mﬁﬁﬁﬁﬂa Dos SunQS 1SVRd FRISC Applications
o
TCPAPNFSTLP ... - SunOS Kernel 1 ="~ :&' c T FSX Operating System
Host Device »
C o Der
rk Interface Host Motherboard Host Intertace FRISC Motherboard
M =1\,
Software Development Environment
C front end Fonran front end C++ front end
FRISCIL
Function inlining, = inplace
machine independent
optimizations === in progress
FRISCIL
Loop optimizations,
machine dependent
code generator
library inlincr
asscmbly code
Postpass optimizer
asscmbler
object code
Linker
(=) e MICRON
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