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The 5G Performance Challenge
Critical Requirements:

U«øäa-«¾Ę «aøpµcĞ (<5³ì pµj-ø¾-pµj)

Eĝcpáø�¾µa« äp«�ab�«�øĞ (99.999%+)

Maìì�ėp c¾µcĀääpµø c¾µµpcø�¾µì

E���c�pµø CPU aµj ³p³¾äĞ Āø�«�Ĩaø�¾µ

Zpä¾ ø¾«päaµcp �¾ä ³p³¾äĞ-äp«aøpj �a�«Āäpì

H¾Ępėpä, øäaj�ø�¾µa« C/C++ aááä¾ac�pì ¾�øpµ c¾³áä¾³�ìp ³p³¾äĞ ìa�pøĞ �¾ä äaĘ 
ìáppj, cäpaø�µ� cä�ø�ca« ėĀ«µpäab�«�ø�pì aµj ì��µ���caµø ³a�µøpµaµcp c�a««pµ�pì.



Why Traditional Approaches Fall Short

C/C++
O��päì ���� ápä�¾ä³aµcp bĀø �µøä¾jĀcpì ì��µ���caµø ³p³¾äĞ ìa�pøĞ 
ä�ì¨ì, «paj�µ� ø¾ ėĀ«µpäab�«�ø�pì «�¨p bĀ��pä ¾ėpä�«¾Ęì aµj Āìp-a�øpä-
�äpp pää¾äì.

MaµĀa« ³p³¾äĞ ³aµa�p³pµø ajjì c¾³á«pĝ�øĞ, �µcäpaì�µ� 
jpėp«¾á³pµø ø�³p aµj ³a�µøpµaµcp c¾ìøì.

Java/Golang
Pä¾ė�jpì ³p³¾äĞ ìa�pøĞ bĀø ¾�øpµ c¾³áä¾³�ìpì áäpj�cøab«p 
ápä�¾ä³aµcp jĀp ø¾ �aäba�p c¾««pcø�¾µ ¾ėpä�paj.

Uµáäpj�cøab«p «aøpµcĞ ìá�¨pì �ä¾³ GC cĞc«pì aäp a cä�ø�ca« �ììĀp �¾ä 
äpa«-ø�³p ìĞìøp³ì.

H���pä ³p³¾äĞ �¾¾øáä�µø ³a¨pì ø�p³ «pìì ìĀ�øab«p �¾ä äpì¾Āäcp-
c¾µìøäa�µpj 5G pµė�ä¾µ³pµøì.

Ac��pė�µ� b¾ø� ä¾bĀìø ³p³¾äĞ ìa�pøĞ aµj c¾µì�ìøpµø, áäpj�cøab«p ápä�¾ä³aµcp �ì a �Āµja³pµøa« c�a««pµ�p ø�aø øäaj�ø�¾µa« «aµ�Āa�pì ìøäĀ��«p ø¾ 
¾ėpäc¾³p �µ 5G ìĞìøp³ jpėp«¾á³pµø.



Rust's Unique Advantages for 5G Systems

Memory Safety Without GC
RĀìø'ì ¾Ęµpäì��á ³¾jp« aµj b¾ää¾Ę c�pc¨pä p«�³�µaøp c¾³³¾µ 
³p³¾äĞ pää¾äì «�¨p «pa¨ì aµj jaøa äacpì aø c¾³á�«p ø�³p, pµìĀä�µ� 
ä¾bĀìø ³p³¾äĞ ìa�pøĞ Ę�ø�¾Āø äĀµø�³p ¾ėpä�paj �ä¾³ a �aäba�p 
c¾««pcø¾ä.

Zero-Cost Abstractions
Wä�øp ����-«pėp«, pĝáäpìì�ėp c¾jp ø�aø c¾³á�«pì ø¾ ����«Ğ ¾áø�³�Ĩpj 
³ac��µp c¾jp Ę�ø� Ĩpä¾ äĀµø�³p ¾ėpä�paj, ä�ėa«�µ� ø�p ápä�¾ä³aµcp ¾� 
�aµj-øĀµpj C.

Fearless Concurrency
Ac��pėp ø�äpaj-ìa�p c¾µcĀääpµø áä¾�äa³³�µ� bĞ jpì��µ, aì RĀìø'ì øĞáp 
ìĞìøp³ áäpėpµøì jaøa äacpì. Lpėpäa�p `aìĞµc/aĘa�ø` �¾ä p���c�pµø, µ¾µ-
b«¾c¨�µ� I/O ¾ápäaø�¾µì.

Controlled `Unsafe`
Sa�p«Ğ �µøp�äaøp Ę�ø� «¾Ę-«pėp« ìĞìøp³ ¾ápäaø�¾µì, �aäjĘaäp, ¾ä C 
«�bäaä�pì Āì�µ� c«paä«Ğ jp��µpj `Āµìa�p` b«¾c¨ì. RĀìø pµìĀäpì a ìøä�cø 
ìpáaäaø�¾µ, ³aĝ�³�Ĩ�µ� ìa�pøĞ pėpµ �µ cä�ø�ca« ìpcø�¾µì.



Smart Network Traffic Manager 
Architecture

Radio Interface Layer
AìĞµc áac¨pø áä¾cpìì�µ� Ę�ø� «¾c¨-�äpp ãĀpĀpì

Zpä¾-c¾áĞ bĀ��pä ³aµa�p³pµø ė�a RĀìø'ì ¾Ęµpäì��á ìĞìøp³

Traffic Classification Engine
TĞáp-jä�ėpµ áac¨pø c«aìì���caø�¾µ

C¾³á�«p-ø�³p ¾áø�³�Ĩpj ³aøc��µ� a«�¾ä�ø�³ì

Intelligent Routing Core
L¾c¨-�äpp c¾µcĀääpµø ä¾Āø�µ� øab«pì

Mp³¾äĞ-ìa�p DMA ¾ápäaø�¾µì



Zero-Copy Networking with Rust's Ownership Model

// Dangerous manual buffer management
void process_packet(uint8_t* data, size_t len) {
  uint8_t* buffer = malloc(len);
  memcpy(buffer, data, len);
  // Process buffer...

  // Forgot to free? Memory leak!
  // Double free? Crash!
  free(buffer);
}
    

Traditional Approach (C/C++)

// Safe, efficient buffer management
fn process_packet(data: &[u8]) -> Result {
  // Zero-copy view of data
  let packet = Packet::parse(data)?;
  

  // Buffer automatically freed when out of scope
  Ok(packet)
}
    

Rust's Ownership Approach

RĀìø'ì ¾Ęµpäì��á ³¾jp« �Āaäaµøppì ³p³¾äĞ ìa�pøĞ Ę��«p pµab«�µ� Ĩpä¾-c¾áĞ ¾ápäaø�¾µì, p«�³�µaø�µ� b¾ø� ápä�¾ä³aµcp ¾ėpä�paj aµj pµø�äp c«aììpì 
¾� bĀ�ì



Performance Breakthrough: Benchmark Results

4.2ms
End-to-End Latency

Ac��pėpj c¾µì�ìøpµø«Ğ bp«¾Ę ø�p 
5³ì øaä�pø, pėpµ Āµjpä ápa¨ «¾aj.

300%
Throughput Gain

I³áäpìì�ėp 300% ø�ä¾Ā��áĀø �a�µ 
¾ėpä pãĀ�ėa«pµø C++ 
�³á«p³pµøaø�¾µì.

65%
CPU Utilization

S��µ���caµø 65% CPU Āø�«�Ĩaø�¾µ 
äpjĀcø�¾µ, ø�aµ¨ì ø¾ Ĩpä¾-c¾ìø 

abìøäacø�¾µì.

0
Memory Safety Bugs
Zpä¾ ³p³¾äĞ ìa�pøĞ bĀ�ì 
äpá¾äøpj �µ 18 ³¾µø�ì ¾� 
áä¾jĀcø�¾µ jpá«¾Ğ³pµø.

OĀä RĀìø-baìpj 5G �³á«p³pµøaø�¾µ c¾µì�ìøpµø«Ğ jp«�ėpäì ápä�¾ä³aµcp øäaj�ø�¾µa««Ğ äpãĀ�ä�µ� Āµìa�p C/C++ Ę��«p pµìĀä�µ� c¾³á«pøp ³p³¾äĞ ìa�pøĞ.



Memory Bandwidth Improvements
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RĀìø'ì ¾Ęµpäì��á ìĞìøp³ pµab«pì ìa�p Ĩpä¾-c¾áĞ ¾ápäaø�¾µì, jäa³aø�ca««Ğ äpjĀc�µ� ³p³¾äĞ baµjĘ�jø� äpãĀ�äp³pµøì Ę��«p ³a�µøa�µ�µ� ìa�pøĞ 
�Āaäaµøppì



Advanced Async Patterns for High-Throughput 
Networking

async fn process_stream(
    mut stream: impl Stream,
    processor: Arc,

) -> Result {
    let mut stats = Stats::default();
    
    while let Some(packet) = stream.next().await {
        // Non-blocking processing

        let result = processor.process(&packet).await?;
        stats.update(&result);
    }
    
    Ok(stats)

}
    

Key Async Techniques:

CĀìø¾³ �ĀøĀäpì �¾ä Ĩpä¾-a««¾caø�¾µ áac¨pø áä¾cpìì�µ�

Søäpa³ c¾³b�µaø¾äì �¾ä p���c�pµø baøc��µ�

AìĞµc øäa�ø �³á«p³pµøaø�¾µì ė�a P�µ

CĀìø¾³ pĝpcĀø¾äì ¾áø�³�Ĩpj �¾ä µpøĘ¾ä¨ Ę¾ä¨«¾ajì

L¾c¨-�äpp c¾µcĀääpµø jaøa ìøäĀcøĀäpì

RĀìø'ì `aìĞµc/aĘa�ø` áaäaj��³ jp«�ėpäì ����-ápä�¾ä³aµcp aìĞµc�ä¾µ¾Āì áä¾�äa³³�µ�, p«�³�µaø�µ� ø�p c¾³á«pĝ�øĞ ¾� øäaj�ø�¾µa« ca««bac¨-baìpj 
aááä¾ac�pì aµj ì��µ���caµø«Ğ äpjĀc�µ� ³p³¾äĞ a««¾caø�¾µì.



Leveraging the Type System for Performance

// Example: Generic routing function for any Packet type
fn route_packet<P: Packet>(packet: &P) {

    // Compiler generates optimized code for each concrete 
packet type
    // This avoids runtime overhead associated with dynamic 
dispatch
}

1

Compile-Time Polymorphism
Uø�«�Ĩp �pµpä�cì aµj øäa�ø b¾Āµjì �¾ä Ĩpä¾-c¾ìø abìøäacø�¾µì, a««¾Ę�µ� 
ø�p c¾³á�«pä ø¾ �pµpäaøp ìápc�a«�Ĩpj, ¾áø�³�Ĩpj c¾jp �¾ä pac� øĞáp 
aø c¾³á�«p ø�³p:

// Ensures packets are validated before processing
struct UnvalidatedPacket { /* ... */ }
struct ValidatedPacket { /* ... */ }

// Cannot process an 'UnvalidatedPacket' - compilation error!
fn process(packet: ValidatedPacket) -> Result<(), &'static str> {
    // Guaranteed to be working with validated data
    println!("Processing validated packet!");
    Ok(())

}

2

Type-State Pattern
Eµc¾jp ¾b¥pcø ìøaøpì j�äpcø«Ğ �µø¾ ø�p øĞáp ìĞìøp³, áäpėpµø�µ� 
�««p�a« ¾ápäaø�¾µì aø c¾³á�«p ø�³p aµj pµìĀä�µ� jaøa ėa«�j�øĞ:

RĀìø'ì ä¾bĀìø øĞáp ìĞìøp³ pµab«pì c¾³á�«p-ø�³p pµ�¾äcp³pµø ¾� cä�ø�ca« �µėaä�aµøì, p«�³�µaø�µ� ø�p µppj �¾ä c¾ìø«Ğ äĀµø�³p c�pc¨ì aµj pµ�aµc�µ� 
b¾ø� ápä�¾ä³aµcp aµj äp«�ab�«�øĞ.



Memory-Safe DMA Operations: The Holy Grail

pub struct DmaBuffer {
    ptr: NonNull,
    len: usize,

    // Other metadata
}

impl Drop for DmaBuffer {
    fn drop(&mut self) {
        unsafe {

            // Safe deallocation guaranteed
            dealloc_dma_buffer(self.ptr.as_ptr(), self.len);
        }
    }
}

    

Safe Abstractions Over Unsafe Code

RĀìø pµab«pì bĀ�«j�µ� ìa�p abìøäacø�¾µì aä¾Āµj �µ�päpµø«Ğ Āµìa�p ¾ápäaø�¾µì «�¨p DMA:

HaäjĘaäp accpìì Ę�ø� ìa�pøĞ �Āaäaµøppì: ø�p bpìø ¾� b¾ø� Ę¾ä«jì



Key Takeaways: Rust for Ultra-Low Latency 5G Systems

Performance Without 
Compromise
RĀìø jp«�ėpäì C-«pėp« ápä�¾ä³aµcp Ę�ø� 
c¾³á«pøp ³p³¾äĞ ìa�pøĞ, ac��pė�µ� ìĀb-
5³ì «aøpµcĞ Ę�ø� Ĩpä¾ ³p³¾äĞ-äp«aøpj 
�a�«Āäpì

Ownership Model Breakthrough
RĀìø'ì ¾Ęµpäì��á ìĞìøp³ pµab«pì ìa�p 
Ĩpä¾-c¾áĞ µpøĘ¾ä¨�µ�, jäa³aø�ca««Ğ 
äpjĀc�µ� ³p³¾äĞ baµjĘ�jø� äpãĀ�äp³pµøì 
Ę��«p áäpėpµø�µ� jaøa äacpì

Practical Implementation Path
Søaäø Ę�ø� c¾äp µpøĘ¾ä¨ c¾³á¾µpµøì, Āì�µ� 
RĀìø'ì �µøpä¾ápäab�«�øĞ ø¾ �äajĀa««Ğ äpá«acp 
cä�ø�ca« C/C++ c¾³á¾µpµøì Ę�ø�¾Āø �Ā«« 
äpĘä�øpì

RĀìø �ìµ'ø ¥Āìø ìĀ�øab«p �¾ä ìĞìøp³ì áä¾�äa³³�µ�4�ø'ì ìĀápä�¾ä �¾ä bĀ�«j�µ� ø�p Ā«øäa-äp«�ab«p, ����-ápä�¾ä³aµcp �µ�äaìøäĀcøĀäp ø�aø 5G aáá«�caø�¾µì 
jp³aµj
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