
CPU Design Workshop

Silicon Valley
Forth Interest Group 

May 28, 2016

Chen-Hanson Ting



Summary

 Diamond IDE Demo

 8086eForth 2.03

 Review of CPU Architectures

 Historical: von Neuman, 1401, 701, Cardiac

 Mini: PDP1, PDP8, PDP11, Nova

 RISC: Sparc, MIPS, ARM



Synthesis of VHDL Files

 ep80_chip.vhd

 ep80.vhd

 uart80.vhd

 gpio80.vhd

 ram_memory.vhd



Programming FPGA

 Download FPGA image

 HyperTerminal Interface

 eForth experiments



Assembly eForth

 Assemble 80ef203.asm

 Convert 80ef203.exe to ep203.mem

 Generate ram_memory.vhd

 Synthesis and programmer



Reveal Debugger 

 Reveal Inserter

 Reveal Analyzer



8086eForth 1.01

 Code word: machine instructions

 Colon word:  CALL doList, token list

 User variable: CALL doUser, offset

 : doUser  R> @ UP @ + ;

 Variable: CALL doVar, value

 : doVar R> ;



8086eForth 2.03

 Code word: machine instructions

 Colon word:  CALL doList, token list

 User variable: CALL @, address

 Variable: CALL nextStep, value

 Constant: CALL @, value



CPU Architectures

 Cardiac

 Von Neumann

 IBM 701, IBM 360

 PDP1, PDP8, PDP11

 Nova

 Sparc, MIPS, ARM



Cardiac Computer

 3-Digit decimal numbers

 Memory: 100 cells of 3 decimal digits

 Accumulator: 3 digits with – sign

 1 Input port and 1 output port

 10 instructions







Von Neumann

 40-Bit binary words

 2 Registers AC and MQ

 20-Bit instructions

 12-bit address

 8-bit Opcode

 21 Instructions







IBM 701

 Von Neumann architecture

 36-Bit binary words

 2 Registers AC and MQ

 18-Bit instructions

 6-bit opcode

 12-Bit address

 33 Instructions





IBM 360

 32 Bit binary words

 16 32-bit registers and 4 64-bit floating 
point registers

 8 Bit instruction opcodes

 2-6 Byte variable length instructions

 Integer instructions

 BCD instructions

 Floating point instructions







PDP-1

 Von Neumann architecture

 4096 18-Bit core memory

 2 Registers AC and MQ

 18 Bit instructions

 5-bit opcode

 1-bit indirection

 12-bit address







PDP-8

 Von Neumann architecture

 4096 12-Bit core memory

 2 12-Bit registers AC and MQ

 6 Regular instructions

 3 Microcode instructions 







PDP-11

 16-Bit core memory

 8 16-Bit registers

 Very powerful addressing modes

 Direct, indirect and immediate

 Pre-decrement and post-increment

 Memory mapped IO

 PC relative







Data General Nova

 16-Bit core memory

 4 16-Bit registers

 Very tight CPU design

 Direct, indirect and immediate

 Pre-decrement and post-increment

 Memory mapped IO

 PC relative







SPARC

 32-Bit instructions and words

 32 32-Bit registers

 Load/Store 

 5 Types of instructions



The Modules



The Register Window

 The current window into the r registers is 
given by the current window pointer (CWP) 
register.





MIPS

 32-Bit instructions and words

 32 32-Bit registers

 Load/Store 

 5 Types of instructions







MIPS Instructions

Arithmetic: add, addi, addiu, addu, sub, subu

Logic: and, andi, nor, or, ori, xor, xori

Shift: sll, sra, srl, sllv, srav, srlv

Comparison: slt, sltu, slti, sltiu

Load/Store: lui, lb, lbu, lh, lhu, lw, sb, sh, sw

Branch: beq, bne, bgez, bgezal, bgtz, blez, bltzal, bltz

Jump: j, jal, jr, jalr



ARM

 32-Bit instructions and words

 32 32-Bit registers

 Load/Store 

 5 Types of instructions







Questions?



Thank you very much.


