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About this Project

 Computational RAM (C-RAM)
e |n anutshell:
— C-RAM
— Memory
— Processing Elements (PE)

— Single Instruction Multiple Data architecture
(SIMD)

— Parallel Computation

— Applications:
— Signal and Image Processing
— Computer Graphics
— Database, etc.
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Outline

The C-RAM Computer

The C-RAM Parallel Processor System
The Sequencer

The Controller

C-RAM Architecture

PE Mode

|O Interface

Chip Overview
Achievements
Acknowledgements
Demo
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The C-RAM Computer

* Broken down into 4 components
control unit
processing elements

memory modules A CeRAM computer

| O Interfaces CoRAMS

" % _Processing
[

|
£ |“Element
B‘ ements

g —

C+RAM Display
Controller

CeRAM
Controlle
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The C-RAM Parallel Processor
System

Controller
Counter/Sequencer
RAM

Addr
1O counter | 7

LCD

iData Address RAM

debounce

Controller

clock
Push Button

|} >« ppoogoooo
PE modules
Opcodet Control Signals

LED 7 Segment
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The Sequencer
 Minimalist Microcoded Sequencer

Sequencer
Program

Instruction

Store CeRAM Instruction
Counter .
I . Timing

Halt, Restart

* Opcodesand Memory instructions

00000000 00000001

Flag Bit
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Memory Instruction

Address

110101010 000000

Enable X

Enable Y
Enable Memory
Shift Right

Shift Left
Enable Write
Register




The Controller

Based on a ssimple decoder
Case statement in VHDL code

Selects addr ess
— toread from the RAM or

— towritetothe RAM
| ssues opcodes or instructionsto the PE

Address to RAM
Instruction (15 downto 0)

Controller OpCode to PE

Clock
Signals to PE
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CRAM Architecture

* Implemented using SRAM cellson the Altera
Board

« SIMD instructions come from the sequencer in
the main controller

 Opcodesarerouted totheindividual PEs
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PE Model

Xand Y, 1Dbit registers
ALU

8 bit global instruction
Data shifting

Conditional Operations
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sense-amp &

Write
Enable

register

global instruction
bus tie X wired-AND

broadcast bus




|O Interface

* Internal ROM / RAM for opcodes and
Instruction

e 2-lineLCD XY regse

e 2 Seven Segment Display

FPGA  Meny

Register select

Lcd read / write
Enable Signa

Data

Contrast Control
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Chip Overview

Module Logic Cells required
PE (1) 12 (1 %)

PE (2) 36 (3 %)
Controller 78 (6%)

/O 254  (22%)
Total* 344 (30 %)

PE*: only one PE

Memory
— 256 x 16-bit instruction ROM initialized by .mif file
— 256 x 1-bit data RAM initialized by .mif file

1O
— 7 segment display to show results of PE elements and memory
— LCD display to show instruction set in the ROM

Performance of C-RAM = 22.17 MHz
Uses only 30% (with 1 PE) of the Altera FLEX10K 20 L ogic Céells
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Achievements

 What the system can do now
— Morethan one PE modules
— Read and Write from/to the RAM
— Logical Functions— Negation, OR, AND etc
— Addition, Subtraction, Copy etc

e |mprovementsthat needed to be made
— Add more operations such as multiplication and
division
— Use ARM processor asa host to C-RAM module
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Addition Algorithm on C-RAM
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select B[least_significant_bit]

X=M Il first bit isa special case with
nocarry in

select A[least_significant_bit]
Y=M&X // Calculate carry

M=X=X"M /[ Calculatesum and write
back

for | =least significant bit + 1..most significant bit
select BJj]
X=M~"Y [/[sum BJ[j] and carryin
Y =M&Y //carry out
select Alj]
Y=Y |(M&X) [/ carryout

M=X=X*"M /[sum A[j] and partial
sum, write back

end for
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Instructions

0000000000000000; ---Address of B(0)
1101010100000010; --- X =M
1101010100000000; -- disable x
0000000000000100; ---Addressof A(0)
1101000000000100; -- Y =M & X
1010110100000000; -- opcode to get X "M

1010110100001000; -- M = XM enabling
memory

1010110100000010; -- X = XM enabling x
register

0000000000000001,; -- Addressof B(1)
1011001100000010; -- X = MY
1100010000000100; --Y =M &Y
0000000000000101; -- Addressof A(2)
1111011000000100; -- Y =Y |(M& X)
010110100000000; -- opcodeto get X M

1010110100001000; -- M = XM enabling
memory

1010110100000010; -- X = XM enabling x
register

1010110100000000; -- disable x
0000000000000010; -- Address of B(2)
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(001000100100

00000100 :

00000001 :

00000101 :

00000110 :

00/0/0/0/0410%

1; --Datain B(0)

1; --Datain A(0)

1; --Datain B(1)

1; --Datain A(1)

1; --Datain A(2)

0; --Datain B(2)




