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Client

Signature

Message

Instructions

Program ID

Accounts

Data

creates and signs

sent to 
RPC/Network

Conflict Detection
Parallel execution planning
Pirority ordering

validates & schedules

composed of

Transaction

Validator Transaction Setup

Load Accounts from AccountsDB
Verify Signatures
Check Account permissions (signer, writable)
Deduct Fees
Initialize Compute budget

Instruction Dispatch

Is Precompile?

    ├─ Native Program (System, Tken, etc.)     
└─ BPF Program → Route to BPF Loader  

for each instruction

Other Native Program 

System Program
Vote Program
Stake Program
... etc

Program Cache Lookup

Check if program is cached
If not: Load, Parse, Verify, JIT
Return cached program metadata

Serialization

accounts metadata
account data
instruction data
create memory regions

VM Setup

Load program bytecode
Setup memory regions
Register syscall handlers
Initialize compute meter

Interpreter/JIT

Execute sBPF instructions
Decrement CU for each instruction
Dispatch syscalls when encountered

Program

Deserialize Program Input
Execute Business Logic
Modify Account Data
call syscalls
set return data (optional)
Return status code

Deserialization

accounts metadata
account data
instruction data
create memory regions

SVM

BPFLoader *

All Instructions
succeeded?

No

Yes

Write Modified Accounts to AccountsDB
Update account rent epochs
Record transaction in blockstore
Emit logs and return data

Revert all account changes 
Record transaction (as failed)
Emit error logs 

Transaction Result

Success/Error code
Logs from all instructions
Return Data
Compute units consumed

received from 
RPC/Network
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Instructions

Program ID

Accounts

Data

creates and signs

sent to 
RPC/Network

Conflict Detection
Parallel execution planning
Pirority ordering

Validator
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Conflict Detection
Parallel execution planning
Pirority ordering

validates & schedules

Validator Transaction Setup

Load Accounts from AccountsDB
Verify Signatures
Check Account permissions (signer, writable)
Deduct Fees
Initialize Compute budget

Instruction Dispatch

Is Precompile?
  ├─ Yes → Execute Precompile (Ed25519, Secp256k1, etc.)     
  └─ No  → Lookup program_id in builtin program table
    ├─ Native Program (System, Token, etc.)
    └─ BPF Program → Route to BPF Loader  

for each instruction

Runtime
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Transaction Setup

Load Accounts from AccountsDB
Verify Signatures
Check Account permissions (signer, writable)
Deduct Fees
Initialize Compute budget

Instruction Dispatch

Is Precompile?
  ├─ Yes → Execute Precompile (Ed25519, Secp256k1, etc.)     
  └─ No  → Lookup program_id in builtin program table
    ├─ Native Program (System, Token, etc.)
    └─ BPF Program → Route to BPF Loader  

for each instruction

Runtime

Other Native Program 

System Program
Vote Program
Stake Program
... etc

Program Cache Lookup

Check if program is cached
If not: Load, Parse, Verify, JIT
Return cached program metadata

BPFLoader *

* High level abstraction but there are a few BPFLoaders:

BPFLoader1, BPFLoaderV2 or BPFUpgradeableLoader
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Program Cache Lookup

Check if program is cached
If not: Load, Parse, Verify, JIT
Return cached program metadata

Serialization

accounts metadata
account data
instruction data
create memory regions

VM Setup

Load program bytecode
Setup memory regions
Register syscall handlers
Initialize compute meter

Interpreter/JIT

Execute sBPF instructions
Decrement CU for each instruction
Dispatch syscalls when encountered

Program

Deserialize Program Input
Execute Business Logic
Modify Account Data
call syscalls
set return data (optional)
Return status code

SVM

BPFLoader *
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Deserialization

accounts metadata
account data
instruction data
create memory regions
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All Instructions
succeeded?

No

Yes

Write Modified Accounts to AccountsDB
Update account rent epochs
Record transaction in blockstore
Emit logs and return data

Revert all account changes 
Record transaction (as failed)
Emit error logs 

Transaction Result

Success/Error code
Logs from all instructions
Return Data
Compute units consumed
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https://github.com/firedancer-io/firedancer
https://github.com/solana-labs/rbpf
https://github.com/anza-xyz/agave
https://www.helius.dev/blog/solana-executive-overview
https://squads.so/blog/solana-svm-sealevel-virtual-machine
https://solana.com/docs
https://solana.com/solana-whitepaper.pdf
https://github.com/blueshift-gg/sbpf-linker
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