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DBOS Research Project (2020 - 2023) 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Databases-Backed Workflows! 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DBOS.DEV (2023 - now) 

● Durable workflows and queues in a database-backed library 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DBOS Transact Library 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The Workflow Problem 

● What guarantees existing systems provide 

● What future systems should provide 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Example: An Online Checkout Workflow 

● Each step may involve external 
systems 

● Contains both read and write 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Reliability is Hard: Any Step Can Break! 

● Process crashes (e.g., out-of-memory, bugs) 

● User takes too long to respond/timeouts 

● Unreliable external APIs 

● Re-deploys 

 

AI makes everything harder 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Try try try again? 

● Data corruption 

● Duplication 

● Wasted compute resources 

● Sl.o..w… 

 

Goal: Once a workflow starts, it should complete durably even 
across failures 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How Durable Workflows Can Help 

● Durability in ACID 
● Implementation is typically by logging/replay (DBMS techniques) 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How It Works: Persist State in a Database 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How It Works: Persist State in a Database 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How It Works: Resume from Where Left Off 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Durability Is Not Enough! 

What happens if… 

● A step fails in the middle of a workflow? 

● Multiple concurrent workflows conflict? 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Workflows Need To Be… 

● Atomic (all or nothing) 

● Consistent (for compensation within a workflow) 

● Durable (to avoid redoing work) 

● Correct (for compensation across concurrent workflows) 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ACID → AC/DC 



What Happens on a Workflow Error? 

● Steps may fail: 
○ Out of stock 
○ User has bad credit 
○ Bad address for fulfillment 
○ … 

● Must deal with errors – by an alternative sequence of steps, or 
undo some steps 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The Reverse (Error) Path is 10x Harder 

● Many ways a step can fail, only one way it can succeed 

● Error handling is app specific; difficult to automate 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Workflows Must Be Atomic 

● Fully committed or fully 
rolled back 

● Otherwise state is 
inconsistent 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Support for Workflow Atomicity 

● Option 1: Transactional locking 
○ But requires holding long-term locks 
○ Doesn't work for external API calls 

● Option 2: Compensation / Sagas (Sigmod 1987  -- Garcia-Molina 
and Salem) 

● Long running workflows are more efficient with compensation (see 
the paper) 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Support for Workflow Atomicity w/o Concurrency 

● Has to guarantee compensation is self consistent – i.e. 
compensation performs the correct inverse 

 

● i.e. the compensation for increment is decrement and a 5% 
increase is a 4.76190% decrease 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Support for Workflow Atomicity with Concurrency 

● Compensation is tricky when someone else may have changed the 
state 

● One must remove the side effect of the errant workflow without 
conflicting with other concurrent workflows 

● Details in the paper along with the notion of correctness 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Other Considerations 

● Irreversible steps (withdraw money from an ATM) 

● User stalls (human in the loop) 

● External systems (Paypal et. al.) 

○ Need to support idempotence and compensation 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Future Work 

● Tighten up the AC/DC definitions, formalize correctness 

○ Similar to ANSI SQL isolation levels, but for workflows 

● Explore AC/DC applications to security and privacy 

○ E.g., delete all PII under GDPR 

● Explore implementations for higher isolation and without 
sacrificing too much performance 

● Speculative "what-if" analysis and automated bug detection 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Thanks! 
● Learn more: dbos.dev  

● Open source: github.com/dbos-inc ⭐ 

● Prototype of AC/DC: github.com/DBOS-project/dbos-transact-py  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