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Project Motivation

VLSI technology scaling is driving changes:
Å Computation is getting cheaper
Å Designs are getting more complex
Å Design costs are increasing
Å Gate and wire delay balance is changing

Current general purpose architectures are not sustainable:
Å Communication speed is not scaling
Å Poor modularity

Array of reconýgurable processing and memory tiles
Å Explicit inter-tile communication
Å Scale architecture by adding more tiles
Å Hierarchical inter-tile network

Tile Memory System
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Current Project Status

MIPS64-based RISC Instruction Modes
Å 2 concurrent threads with 2-wide issue
Å Single 4-wide VLIW thread
Å No delay slots or ñspecialò MIPS registers
Å Wide support for new data types (using ñextraò ISA bits)
Å Reconýgurable LD/ST instruction architecture
Å Pipeline:

256-bit wide ñmicrocodedò instruction mode
Å Issue an operation to every register ýle and functional unit 

independently on every cycle
Å Issue 4 stream operations per cycle to the memory system
Å Have 2 RISC-like instructions for control purposes
Å Special support included for software pipelining
Å Pipeline:

Two I-Fetch units per tile
Å Operate independently for threaded modes
Å Ganged together for VLIW & microcode modes
Å Each fetches 64 bits/cycle

Has 2 fully associative BTBs with 2-bit predictors
Å Function independently for multi-threaded modes
Å Combined for wide-issue modes

Each fetch unit supports 4 ýne-grain thread contexts
Å Replicated PC and intruction buffer allow fast switching
Å Instruction buffers decouple fetch & execution
Å Fetches interleaved at cycle granularity
Å Register ýle is partitioned among the HW-managed contexts

Å Sixteen 8KB memory tiles per processor tile
Å Each programmable to act as memory, FIFO, cache, tags, etc.
Å Crossbar connects the mats and processor within each tile
Å 3-cycle total access time from the local processor core

Single datapath can be reconýgured for all modes
Å Two identical clusters

ï Each contains four register ýles
ï Run independently in dual-thread mode
ï Interconnected in wide-issue modes
ï Share a reciprocal ROM

Å Two sets of buses
ï Bypass buses return results efýciently
ï Register ýle interconnection buses within clusters
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Diagram Key:

Å Detailed design of major blocks is nearing completion
Å Microarchitecture, ISA, and programmable load/store 

operations are deýned for most execution modes
Å Structural Verilog for tile memory system is complete
Å Behavioral Verilog for processor datapath is being written and 

will enter testing soon

Å Supports access to both on-tile and on-quad memory mats
Å Supports up to 8 programmable LD/ST operations, by ISA
Å Can update and modify memory state bits with each access

ï Can be used to implement synchronization such as full/empty bits
ï Can help implement thread-level speculation (TLS)

Å Provides a rapid inter-tile communication mechanism in quads
Å Can pass references to the quad interface for global comm.
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