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Project Overview
We aim to simulate 8 stocks 

being traded simultaneously 

using real historical trade 

data. 

In order to identify trades we 

implement two binary heaps 

per stock, a min heap for asks 

and a max heap for bids.

1.Algorithms 2.Resources

Software inputs the trade 

data by filling FiFos for each 

stock which are drained into 

the heap engines. After 

simulation, software reads 

the result from memory

3.Communication 4.Validation

Orders are stored within 2 

private pages per stock, any 

overflow is redirected to 

public pages.

A golden model written in C 

serves as a point of 

comparison for our hardware 

results.



 

 

System Level 
Overview

● Orders are submitted from the Order 
Generator in software to the Order 
Dispatch Unit in hardware.

● Once all 8 FiFos in the Order 
Dispatch Unit are full, each FiFo is 
drained into the respective Heap 
Engine.

● Each Heap Engine manages the two 
binary heaps, caches the top three 
nodes of each heap, detects when a 
trade is should occur, and stores the 
nodes within its own private 
memory. Each stock has its own heap 
engine.

● When a Heap Engine is full it sends 
the overflow nodes into a shared 
memory pool controlled by the 
MMU, which is accessed via virtual 
address.

● Each trade is stored in the Trade 
Logger, which is a pool of memory. 
After all trades have been completed, 
the Output Logger reads the trade 
history back into software.



   

LogicMemory Timing

Resource Consumption

394 M10k RAM Blocks
● Public Memory: 240
● MMU: 6
● Order Dispatcher: 56
● Heap Engines: 24
● Trade Logger: 68

28,456.4  ALMs
● Public Memory: 3,390.4 
● MMU: 3,854.3 
● Order Dispatcher: 524.7 
● Heap Engines: 20,364.2 
● Trade Logger: 137.7
● SoC Overhead: 211

Slow 1100mV 85C Model: 

53.85 MHz



Harness & User Interface - Software

● The harness loads data from 
.csv files and injects them 
over the avalon bus using 
round robin selection

● Monitors trading progress
● Users can push three 

buttons
○ A reset button
○ A transition to write in 

the Dispatcher’s FSM
○ A transition to dispatch 

in the Dispatcher’s FSM
● Uses ioread32 and iowrite32 

to interact with hardware



Order Dispatcher - Hardware/Software

● An FSM consisting of four 
states
○ IDLE
○ WRITE
○ DISPATCH
○ DONE

● Write indicates that the 
FiFos can be written with 
data

● Dispatch pops entries from 
the FiFos into the heap

● Done informs software 
that FiFos are empty

● FiFos are written over the 
avalon bus

dispatch_fifo_bram.sv order_dispatcher.sv



Heap Engine - Hardware

● Receives orders from the 
dispatcher, then extends them 
to contain the proper node 
data used internally

● Caches the top three nodes of 
each tree

● Stores the nodes in binary 
heaps, one for asks one for 
bids, and detects trades both 
full and partial

● Heaps can push, pop, peek, 
and modify the top node

● Each heap has 1 private 
memory page, giving each 
symbol a total of 2 private 
pages

heap_fsm.sv symbol_engine.sv

priv_bram.sv



T_IDLE: waiting for next order

T_PUSH: inserting the new order

T_PEEK_BID / T_PEEK_ASK: read both roots

T_DECIDE: branches to match or no-match

T_POP_BID / T_POP_ASK: remove a heap root

T_UPDATE_BID / T_UPDATE_ASK: change quantity on a 
partial fill

T_EMIT_TRADE: push the trade out to the aggregator

Heap Engine: Trade Control FSM



S_IDLE: waiting for the next command from the trade controller

PUSH_LAUNCH: starting a push; decide between empty-heap fast path 
and sift-up

PUSH_SIFT: sift-up loop, read parent, compare, swap if needed, 
repeat

PUSH_FINAL: write the new node at its settled position

POP_LAUNCH: starting a pop; handle the 1-node special case

POP_FETCH: read the root (to return) and the last leaf (to 
replace it)

POP_SIFT: sift-down loop, read both children, compare, swap with 
winner, repeat

POP_FINAL: write the moved node at its settled position

PEEK_READ: read the root from BRAM/MMU (skipped entirely on top-3 
cache hit)

UPDATE_WRITE: overwrite the root with the new node (used after 
partial fills)
S_DONE: pulse cmd_done, return to S_IDLE

Heap Engine: Heap FSM



MMU - Hardware

● The MMU takes in requests from heap 
engines comprised of a virtual 
address, a valid bit, and data to write

● It uses round robin to select two 
winners

● Winners are pushed into FiFos
● Fifos feed the HPTWs
● The HPTWs use the page table to 

translate the virtual address into a 
physical one

● Physical requests are passed to the 
arbiter

● The arbiter sorts the request into one 
of four FiFos and track requests, 
relating it back to its virtual address

● The FiFos feed physical memory 
banks

● Physical memory outputs back to the 
arbiter which re-associates data and 
virtual address, allowing the MMU to 
forward data to the correct requester

mmu.sv HPTW.sv arbiter.sv

mem_bank.sv bram_dp_256x32.sv

Fifo (mmu.sv)
dual_write_fifo (arbiter.sv)

tracking_fifo (arbiter.sv)



MMU - Hardware

Aside on the page table: The page table 
works on a per-node basis, the HPTW 
extracts a 14-bit key from the 32-bit 
virtual address comprised of the engine ID 
and bottom 11 bits. Then reads the page 
table at that key, it returns a 15-bit 
(valid(1), physical page index(8), and node 
index (6)). If the valid bit is 1 then this 
node has already been allocated, and a 
physical address is computed as: 11’d0 + 
physical page index (8) + 3’d0 + node index 
(6) + 4’d0. On a miss, the mmu selects a 
new node and page. This is done using a 
partition system, there are 16 partitions, 
each with access to 15 physical pages. 
When requester has access to 2 partitions 
based on their engine ID and virtual 
address bit 10, upon request the partition 
provides the current node tracked by a 
counter, when the counter rolls over the 
partition increases the page.

Virtual Address 
(32)

Page Table Key
(14)

Data Payload
(15)

Partition Key
(4)

Physical Address
(32)

Data Payload
(15)

Data Payload
(15)



MMU - Hardware

● State machines for memory bank and page 
table walker



Trade Log - Hardware

● The trade aggregator uses 
round robin selection to 
forward confirmed trades to 
the trade log

● The trade log is a single port 
memory that has a depth 
supporting 8704 compressed 
trades (64 bits)
○ Created using the bottom 

7 bits of amount, the 3 
bit engine ID, the 16 bit 
price, and the 32 bit

● Uses an overflow flag to 
indicate when the log is full

trade_aggregator.sv trade_log.sv



Trade Log Reader - Software

● Once the harness is in the 
done state, it reads the 64 bit 
entries in trade log

● The first word is the timestamp 
and the second contains the 
trade info

● Stores the trade results in a 
text file to be compared to the 
golden model



 

 

 

Hardware Validation
Golden Model
Dataset

Testbench

Golden Model

Dataset

Our software simulation 

produces a text file that 

can be directly compared 

to our hardware output

Our dataset was collected via a 

bloomberg terminal. It’s 

comprised of the daily price of 

each selected stock since 1993, 

amounts have been randomized

We created a hardware 

testbench that ensures our 

hardware simulator matches 

our software pre-synthesis



 

 

Outlooks & Results
● Synthesis takes long

○ Like really long

● Fitting everything in memory requires being 
clever - Fit is the worst

● Make things as small as possible
● FiFos and Round Robin are very useful
● Hardware Runtime:

○ 0.0015 seconds

● Software Runtime:
○ 0.471695 seconds

● ~2.1% discrepancy
● 5,694,242 trades per second
● 13,117% increase in speed
● 99.68% reduction in runtime


