
Branch Predictor

Direction Predictor
(tagged geometric)

Branch Target Buffer
(4096 entry)

Return Stack
(+ recovery queue)

Instruction Cache
16 KiB 4-way VIPT

128-bit Fetch Packet

fetch

PC

Instruction Decoder
4-wide, RV32IMAC+

Decode instructions to internal format

Rename & Eliminate
Translate virtual registers to physical registers,

allocate a new phy. register for every written value

SoomRV: open source out-of-order RISC-V
Mathis Salmen | Munich University of Applied Sciences (FK07) | github.com/mathis-s/SoomRV

16B

Re-Order Buffer
64 entry FIFO/indexed queue

Register Alias Table
Branch

Direction

Branch Handler
Find branches in instruction stream,

compare to prediction

Branch

Targets PC/BP File
Stores PC and branch prediction metadata

for all in-flight instructions
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Operand Lookup
Load operands from register file or
forward from preceding instruction(s)

Load Queue
16 entry indexed queue

Buffer loads until ready, check store ordering

Store Queue
16 entry indexed queue

Buffer stores until commit, forward store data

Data Cache
16 KiB 4-way VIPT

Address Translation

Data TLB

Indirect

Branch
Targets

Physical Register File
64x 32-bit 8R4W

Forwarding Network

Issue
Queue
8 entry
collapsing
queue

Issue
Queue
8 entry
collapsing
queue

Issue
Queue
8 entry
collapsing
queue

Issue
Queue
8 entry
collapsing
queue

Store Data
Queue
8 entry
collapsing
queue

Store Data
Queue
8 entry
collapsing
queue

ALU

Branch

ALU

Branch

AGU Store Data Store DataAGU

Pre-Decoder Buffer
32x16-bit FIFO

Find instruction boundaries,
distribute instructions to decoders

Tracks completion of in-flight instructions Stores virtual to physical register mapping

CSR

1x

4x

4x
2x

Store Issue Queue
4 entry unordered queue

Buffer and fuse post-commit stores, issue when ready

Load/Store Unit
Access cache, check tags, handle misses

2x 2x2x

1x

ITLB

2x 16B

4-wide superscalar out-of-order RV32IMAC core with focus on simplicity and ease of implementation.

Written in SystemVerilog, verified against Spike, tested on FPGA.

4.69 DMIPS/MHz @ 2.25 IPC (Dhrystone, O1, GCC 12.2.0)

4.05 Coremark/MHz@ 1.16 IPC (Coremark, O3, GCC 12.2.0)

Memory

Interface

AXI 4

128-bit

4 in-flight

transactions

Handles
cache-line

transactions
between

main memory
and caches,
as well as

MMIO

are SystemVerilog structs

and can be found in src/Include.sv!

/

Pipeline Visualization (Konata)

Further Simplification

64-bit Support

Speculative Issue on Loads

reduce load latency

Rename Checkpoints

reduce mispredict penalty

Rename Reference Counting

for move elimination

Vector/SIMD Instructions

RISC-V Vector or other

Area Optimization

RF banking & port sharing,

address deduplication

Future Work

10-stage out-of-order pipeline

4-wide superscalar

ISA: rv32imac_zba_zbb

Privileged Spec (MSU)

Sv32 virtual memory

Boots Linux

Features

128-bit IFetch from 4-way

16KiB VIPT ICache

Support for 16 and 32-bit

instructions

0-cycle latency for predicted

branches

3-cycle latency for late (dir-

only) predicted branches

4-wide instruction decode

~12-cycle mispredict penalty

Frontend

4-wide rename

4-wide retire

8 read/4 write register file

Up to 2 ALU + 2 Memory

instructions per cycle

Small load-immediates are

eliminated

Execution Engine

2-port 16KiB VIPT write-back

DCache

128-bit AXI4 to main memory

and MMIO

Non-blocking cache misses

Store fusion

Cache miss load data is

forwarded from AXI

Cache miss store data is

fused into cache line load

4-cycle load to use

~12-cycle load to use on miss

Memory Subsystem


