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2   я 

 

2.1    

 

    : 

   — ,   
     ё  . 

    ,     
 ( ++/ #  . .)    (LLVM 

IR [2]).  ,      
      ; 

   —   ,  
      ё  

    .    
 ,    ,     
        

  ,    .   
  ,       API,  

     ,   . 
 ,     

    .    
        

,    FFI (Foreign function interface —  
  [3]).      

 ,      
   . 

 ,      
  ,        

.      
    ,    

  ,      .  
  ,      

. ,     ,   
      «  

»,    .       
    . 

 

       , 
    . 
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2.2     

 

2.2.1 Google benchmark 

 

Google benchmark —     
   Google.     ++. 

 Google Tests  . [4]  

  : 
  ; 
    ; 
  ; 
  . 

 ,     
 .       

 « ».   1     
    . 

 

 1 —   
static void BM_StringCompare(benchmark::State& state) { 
  std::string s1(state.range(0), '-'); 
  std::string s2(state.range(0), '-'); 

  for (auto _ : state) { 
    benchmark::DoNotOptimize(s1.compare(s2)); 
  } 

  state.SetComplexityN(state.range(0)); 
} 
 

BENCHMARK(BM_StringCompare)->RangeMultiplier(2)->Range(1<<10, 1<<18)-
>Complexity(); 

   

    ,       
   BM_StringCompare    . 

   — 1024,  — 262144,  
       2 . 

        
      ё 

  . 
 

2.2.2 BigO Calculator 

 

BigO Calculator —      
    Python [5].      

 ,    . 
       « ». 

  2    . 
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 2 — BigO Calculator 
from bigO import BigO 
from bigO import algorithm 
 

lib = BigO() 
 
lib.test(bubbleSort, "random") 

lib.test_all(bubbleSort) 
lib.runtime(bubbleSort, "random", 5000) 
lib.runtime(algorithm.insertSort, "reversed", 32) 

lib.compare(algorithm.insertSort, algorithm.bubbleSort, "all", 5000) 

 

  3   . 
 

 3 —  BigO Calculator 
''' Result 
Running quickSort(random array)... 
Completed quickSort(random array): O(nlog(n)) 

 
Running quickSort(sorted array)... 
Completed quickSort(sorted array): O(nlog(n)) 

 
Running quickSort(reversed array)... 
Completed quickSort(reversed array): O(nlog(n)) 

 
Running quickSort(partial array)... 
Completed quickSort(partial array): O(nlog(n)) 

 
Running quickSort(Ksorted array)... 
Completed quickSort(ksorted array): O(nlog(n)) 

''' 

 

2.2.3    

 

  1    . 
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 1 —    

 
 

 
 

 

 
  

 
 

 
 

 
 

 
  

 
 

Google 

Benchmark /  
++ + 

  
 
 

+  
  

 

BigO 

Calculator /  
Python 

  
 

runtime  
compare 

+ - 

, 

   
 

 

- 
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2.3  я    

 

          
    : 

: 
   (  )  

     « »: O (1), O(Log N), O(N), (N Log 

N), O(N^2), O(N^3); 

  ; 
   ; 
  « »      

     ; 
       

 . 
: 

    .  ,  
      
 ; 

     Windows  Linux. 

 

2.4     

 

    ; 

    ; 
        

      . 
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3   я 

 

3.1   я  я 

 

      Rust. Rust — 

     
 .  ,    

.     15  2015  [6].  
    Mozilla. 8  2021  -  

  Mozilla      
Rust Foundation,      Rust   

 [7]. 

     ,  : 

    — Rust     
,  LLVM     .  

    ,    
C  C++; 

  —      
,   LLVM (Windows, Linux, macOS  . .) 

         
; 

  —      C  C++  
  Rust        
     ; 

 Rust    ,  
    «  ».  

Rust    ,   
,     . 

 Rust     . 
  Rust       : 

Haskell, C#  .      ++ : 
       (  

 ++    ),     
      . 

 —     -   
. ,   : 

      —  
       , 

      (  
 ); 

  ,    
   -   , 
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    ; 
    ,       

 ; 
        , 

      . ,  
    ,     

 .  ,      ,  
      . 

    ,   

   .  ,   
    ,    ( , ) 

  . 
 Rust      :  

          
;  

         
         

;  
      ; 

         
     . 

 

3.2     

 

     
,    . 

   Rust      

  .       
 .  

      Command [8]. 

Command           
 ,       

,      .  

-  ,        
   ,    Rust  

       — 

OsString(    )  OsStr(« »    
 ).         

. Rust ,  ,   OsString  OsStr  
,     ,   

   UTF-8  (  String  Rust)   
  . 
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 OsString  OsStr    Rust   
PathBuf  Path .     

       .   
  ,    . 

 

3.3       

 

      
 . 

    Rust    Instant. 

 Instant    ,    
Instant    ,     . 

Instant        

    [9]    
 .  Windows —  QueryPerformanceCounter.  Unix — 

 clock_gettime (Monotonic Clock). 
        chrono. 

          
      ISO 8601 [14].  

     ,     
   ,    . 

 

3.4     

 

      

  ,   . 
     3 : 

 ; 
 ;  
   . 

   —    ,  
     . 

     ,  
     .  

       
,       
  . 

,         
  : 

  64  ; 
  64  ; 
  ASCII — a-z, A-Z, 0-9; 
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   — 0, 1. 

      
 : 

       ,  
,   ,       

,   ,       ; 
         , 

  .         
  .  ,       

  ,    ; 
        ,  

 ,     ,    — 

 . 
      

  .     
: 

    ; 
      ( ); 
       ( ). 
 

3.5  я   

 

     rand.  
      

  [15]: 

 OsRng —    ; 
 ThreadRng —    ,   

   .   OSRng   
; 

 StdRng —  .   ThreadRng,   
  ; 

 SmalllRng —  ,     
   . 

    ThreadRng,     
 StdRng  SmallRng      Rust   

. 
  ,  rand     

  .   : 
 Normal — ; 
 Uniform — ; 
 Bernoulli —  . 

 ,       
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  ,  ,    
   Uniform. 

 

3.6  C я  я  

 

       
   ,   JSON. 

   Rust     
   .     

  .   Rust    
    serde. 

  serde   . Serde  
      .   

   ,   . , serde  
     -  .   

   ,    

 serde       .  
, serde    ,       

 ,       
 [10]. 

 Serde    ,    
: JSON, YAML, URL;    : 

MessagePack, Bincode, D-Bus,  . 
  serde     

Cargo.toml,    Rust ,   dependencies : 
serde = { version = "  ", features = ["derive"] }  serde_json = "  

" (     JSON). 

 

 
 1 —  serde 

 

 ,    ,    cargo --build.  

  ,    serde  serde_json  
.  

     ,    
       

, serde   . 
 

3.7    
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   N     M .  
   ,     
    .     

    . 
       

 ,        
      .  

        
  ,      

,        . 
   —     

     . 
     —     
,    : 

 

Oi=
T i

T(i−1)
/
N i

N(i−1)
                                                                                                   (1) 

 

  Ti —    i — ; 
      Ni —   i — . 

   ,    
        

      .  
   : 

 O(1) — (∀O)O≈ 1

D ; 

 O(logN) —  (∀O)O> 1
D

∧O<1 ; 

 O(N) — (∀O)O≈1 ; 

 O(N Log N) — (∀O)O>1∧O<D ; 

 O(N^2) — (∀O)O≥D . 

,       .  
   ,     , 

   Google Benchmark.    — 

     ,   
    [16]. 

        
    — T = C * f(n), T —   

 , C — , f(n) —    : N, 

Log N, N Log N  . 
      

       
   .     
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 .  ,     

       2. 
 

E=∑
i=0

k

ti−f (n i)
2

                                                                                                  (2) 

 k —   .  
     ,  

 E = 0:  

 

E'=2∗∑
i=0

k

(ti−f (ni))∗f (n)'
                                                                                  (3) 

 

   3      
 C: 

 

C=∑
i=0

k

(t i∗f (ni))/∑
i=0

k

f (ni)
2

                                                                                    (4) 

 

  4    C,  
         

: O(1), O(Log N), O(N), O(N Log N), O(N^2), O(N^3). ,  

     2   .  
    . ,    

      
  [13]. 

 

3.8     

 

     ; 
    ,   

 ; 
      . 
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4    

 

4.1  я   

 

     ,    
    . 

     . 
 main      program, 

complexity  report.       main,  
       .   

   ,   : 
    Program::from_config; 

   exec    Program; 

    LeastSquares::computate_big_o; 
    Report::new; 

    report  . 
 

4.2     

 

       
 .   2    

. 

 

 
 2 —   program 

 

 Program —   .   



17 

        ё 
.   From<ProgramConfig>,    

  ProgramConfig  Program. 

 : 
 path —    ; 

 path_to_temp — ,     
; 
 args —  ,    ArgumentGenerator 

Generators —   Vec<Box<dyn ArgumentGenerator>; 

 gens —  ; 
 iters —  . 

  4    Command. 

 4 —   Command 
Command::new("ls") 

        .arg("-l") 
        .arg("-a") 
        .spawn() 

        .expect("ls command failed to start"); 

 

     new    
,         . 

 arg   ,     . 

 spawn        
.     ,    

   .  

    ,    expect,  
     ,    
.  
   ,    Child.  

 ё    :  
  ; 
   / /  ; 
         

  /  . 
  5    Instant   
  . 

 

 5 —   Instant 
let instant = Instant::now(); 

let three_secs = Duration::from_secs(3); 
std::thread::sleep(three_secs); 
assert!(instant.elapsed() >= three_secs); 

 

      Instant   
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  now.      from_secs  
 three_secs   Duration   3 .  

Duration — ,    . Duration 

          
.  

  sleep      
    three_secs.  ,   

  assert ,  ,   
elapsed,    ,    three_secs. 

 elapsed   Duration,     
   Instant::now   instant.elapsed.  

  2     Program.
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 2 —   Program 

   

load_from_config 

    ,    AsRef<Path>.   

           ,  
   Path.       .  

      .     
     ProgramConfig.  ,    

  validate,       .    
    ,       .  
    From<ProgramConfig>      

Program,      . 
path     path. 

exec 

            ,  
 ArgumentGenerator.  ,   .    

        , 
       .    

write_args_to_file         
 .  ,          

 .      ( , 
   ) ё    .     

   ,     Error    
  .    ,       . 

write_args_to_file 

           
.      ,       
.  
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 ProgramConfig —    Program. 

    Program,   Rust   serde 

    -  (Box<dyn 

ArgumentGenerator) -    trait object safety.  
 Deserialize  Validate.  Validate,   validator, 

    ,   
     .   

 gens > 0  iters > 0,    . 
  ProgramConfig    6. 

 

  6 —   ProgramConfig 
{ 

   "path": "/path/to/bin/file.out", 
   "path_to_temp": "/path/to/tmp/", 
   "args": [], 

   "gens": 1, 
   "iters": 1 
} 

 

 Run —       
 .   Default,   

   . 
 :  

 min —     .  : 
1.7976931348623157E+308; 

 max —     .  : -
1.7976931348623157E+308; 

 avg —     .  : 0,0; 

 len —     .  : 0. 

 update     64-   
.    min   max,    

,  avg  . 
 Error —  ,     

  Program::exec.  Error   
std::error::Error.      -

 .     ,      
Display  Debug.        

 . Display    . Debug 

      ,     
.  Display    ,    

 Debug        
derive —  ,       .  

  kind —   .  : 
 FailedToStart(std::io::Error) —     
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.    io  ; 
 NotSuccessful(Option<i32>) —    

. ,  ,   ; 
 CantWriteArgs(PathBuf, std::io::Error) —     

  .    io  . 
  3     Error. 

 

 3 —   Error. 

   

failed_to_start 
    st::io::Error.  

Error::FailedToStart. 

not_successful 
    Option<i32>.  

Error::NotSuccessful. 

cant_wrtie_args 
    st::io::Error.  

Error::CantWriteArgs. 

 

4.3    

 

    /   Rust 

 —     #[derive(Serialize, Deserialize)] 

  .       
,        

 Serialize  Deserialize. ,   ,   
        , 
,  ,    . 

     Serialize, 

Deserialize,     . 
 , serde      

     . 
,   #[serde(rename = "name")],  

        
,     . 

   7    serde. 

 

 7 —   serde 
#[derive(Serialize, Deserialize)] 

struct Point { 
    x: i32, 
    y: i32, 

} 
let point = Point { x: 1, y: 2 }; 
let serialized = serde_json::to_string(&point).unwrap(); 

let deserialized: Point = serde_json::from_str(&serialized).unwrap(); 
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       derive  
 : Serialize  Deserialize.  

  point    Point. ,   
 to_string   serde_json,    point.  
    Serialize    point  

     JSON.       
,      —   unwrap, 

    .   
,    from_str   serde_json,  

  point.      Deserialize  
   point    Point.   

    ,    
   . 

       JSON, 

  serde_json.  ,  
     —  , serde_yaml,  
      YAML. 

 

       
.    config    3. 

 

 
 3 —      config 

 

 Value      . 
  Deserialize.  : 
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 Value::Int —  .  64-  .  2 

: min  max,     ; 
 Value::Int —  .  64-  ; 

 2 : min  max,     

; 
 Value::Char — . ASCII ; 
 Value::Bool — .  . 

 min, max       .  
     ,   

  . 
  4    Value. 

 

 4 —   Value 

   

int_min 

    , 
  64 : -9223372036854775808. 

,      min  
Value::Int 

int_max 

    , 
  64 : 9223372036854775807. 

,      max  
Value::Int 

float_min 

    , 
  64 : -1.7976931348623157E+308. 

,      min  
Value::Float 

float_max 

    , 
  64 : 1.7976931348623157E+308. 

,      max  
Value::Float 

 

  8, 9, 10, 11    
 Value   . 

 

 8 — 64     
{ 
   "type" : "Int", 

   "min": 0, 
   "max": 1000 
} 
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 9 — 64    
{ 
   "type" : "Float", 
   "min": 10.0, 

   "max": 1000.0 
} 

 

 10 — ASCII  
{ 
   "type" : "Char" 
} 

 

 11 —   
{ 
   "type" : "Bool" 

} 

 

 Range    .  
 Deserialize, Validate.  Validate    start >= 1 

 multiplier >= 2,    . 
 : 

 start —  ; 
 end —  ; 
 multiplier —    . 

      .   
    ,    

 . 
  5    Range. 

 

 5 —   Range. 

   

next 

     . 
   ,   ,  

      , 
  . 

start_default 
    : 10. 

,      start. 

end_default 

   ,  
 usize —  ,   

.  32   — 32 ,  64  
 — 64 .  ,    

  end. 

multiplier_default     : 2. 
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,      multiplier. 

 

  12   . 
 

 12 —   Range. 
{ 

    "Range": {  
        "start": 1024, 
        "end": 160124, 

        "multiplier": 2 
    } 
} 

 

 ArrayConfig      . 

  Deserialize  ArgumentGenerator. 

 : 

 value —   ; 
 range —   . 

  13   . 
 

 13 —   ArrayConfig. 
{ 
   "Array" : { 

       "value": { 
           "type": "Int", 
           "min" : 10, 

           "max": 20000 
       }, 
       "start": 1024, 

       "end": 160124, 
       "multiplier": 2 
   } 

} 

 

 MatrixConfig      . 

  Deserialize  ArgumentGenerator. 

 : 

 value —   ; 
 rows —    ; 

 columns —    . 

  14   . 
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 14 —   MatrixConfig. 
{ 
   "Matrix" : { 
       "value": { 

           "type": "Int", 
           "min" : 10, 
           "max": 20000 

       }, 
       "rows": { 
           "start": 1024, 

           "end": 160124, 
           "multiplier": 2 
       }, 

       "columns": { 
           "start": 1024, 
           "end": 160124, 

           "multiplier": 2 

       } 
   } 

} 

 

RangeConfig      .  
 Deserialize  ArgumentGenerator.  

  range —  . 
  15   . 

 

 15 —   RangeConfig. 
{ 
   "Range" : { 

       "start": 1024, 
        "end": 160124, 
        "multiplier": 2 

   } 
} 

 

  Config      
. 

 ArgumentGenerator —   .   
     6. 

 

 6 —    ArgumentGenerator 

   

len     

next_len   ,     

generate 

  .     
   ,     

   . 
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  16     
. 

 

 16 —   . 
{ 

   "path": "/path/to/bin/file.out", 
   "path_to_temp": "/path/to/tmp/", 
   "args": [ 

       { 
           "Array" : { 
               "value": { 

                   "type": "Int" 
               }, 
               "start": 1024, 

               "multiplier": 2 

           } 
       } 

   ], 
   "gens": 6, 
   "iters": 1 

} 

 

4.4   я    

 

      
    .    

complexity    4. 

 

 
 4 —  complexity 
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 Complexity    
 ,     .  

 Clone, Copy, Display, Debug.  : 

 O1 —  ; 

 OLogN —  ; 

 ON —  ; 

 ONLogN — -  ; 

 ONSquared —  ; 

 ONCubed —  ; 

 Unknown —  . 

 Complexity::curve  -   
 : O1 – 1.0, OLogN – Log N, ON – N  . 

 LeastSquares  ,    
  . 

 : 

 coef —   ; 

 rms —    ; 

 complexity —   . 

  7    LeastSquares. 

 

 7 —   LeastSquares 

   

computate_big_o  

       , 
    

.      Complexity, 

 Unknown,   minimal_least_squares. 

 ,      
LeastSquares,    rms  

. 

minimal_least_squares 

      , 
    

,  -   .  
    2.7  

 coef, rms.    
LeastSquares,  complexity  Complexity::Unknown. 

 

4.5     

 

        Report. 

     ,   ё  
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   .   Display  Debug.  

  Report    5. 

 

 
 5 —   Report 

 

 : 
 bin_path —    ; 
 cfg_path —    ; 
 runs —     ; 
 complexity —     

; 
 coef —   ; 
 rms —  . 

 new    Report.    
 LeastSquares,    ,   

 ,     . 
       6. 
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 6 —   Report   

 

4.6     

 

      
: 

       json; 

       
 

       
   ё ; 

       ё   
   ; 
     ё  . 
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5    я 

 

5.1    

 

       
.    Rust       . 

        .   
    #[cfg(test)].   

,      debug  release .   
    .    

    #[test],   
    . 

      17. 

 

 17 —    
#[cfg(test)] 
mod tests { 
 

    #[test] 
    fn my_test() { 
         assert_eq!(2 + 2, 4); 

    } 
} 

 

     my_test   assert_eq 

     — 2 + 2,     
— 4.      ,      

.       .     
     ,  assert_eq « » ,  

,   . 
      ,    

 cargo test.      , 
         . 

  7    cargo test. 
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 7 —   . 

 

    10 .   —  
        

 . 
      8. 

 

 8 —   

 

5.2     

 

        
,     ,      

 . 
    ++ ,   
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 .   : 
    2  — O(1); 

    — O(N); 

  ,     sort — O(N Log 

N); 

   — O(N^2). 

  9    ,  
  O(1).      

.    ,     
        

 . 
 

 
 9 —   

 

  10    ,  
  O(N).       

    .   
   ,       
        

. 
 

 
 10 —   

 

  11    ,  
  O(N Log N).       
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    .   
   . ,    

  . 

 

 
 11 — -   

 

  12    ,  
  O(N^2).       

    .   
   . 
 

 
 12 —   

 

5.3  я 

 

  Rust      
  .      

       .  
 :  

      ; 
      ,     
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  ; 
       ; 
  markdown . 

       —   
  ,     «/».  

   cargo doc  . Cargo doc 

     ,    
       

 —    cargo doc --no-deps.  

        
 target/doc/ _ /.       

index.html —    .     
  .   13    

 .  
 

 
 13 —    

 

       html- ,  
   .  ,   

  ,      . 
 

5.4     

 

  ,      ; 
       —   
    .     

        
,     - .    
      —    

 ,       
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 ; 
    . ё   

    . 
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Ч  

 

        
       

  .     
,      ё    
  .     

   .   
  .  

       GitHub  
[11]. 
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  Ч  

  

1. CTO 4.2—07—2014   .    
,        
. : , 2014. 60 .  

2.   LLVM IR [  ] —  
: https://llvm.org/docs/LangRef.html. 

1  ,  FFI [  ] — 

 : http://wiki.c2.com/?ForeignFunctionInterface. 

2   Google Benchmark [  ] —  
: https://opensource.google/projects/benchmark. 

3  BigO Calculator [  ] —  : 
https://github.com/Alfex4936/python-bigO-calculator 

3.     Rust [  ] 

—  : https://www.rust-lang.org/ 

4.    Rust Foundation [  ] —  
: https://habr.com/ru/news/t/541600/ 

5.   Command [  ] —  : 
https://doc.rust-lang.org/std/process/struct.Command.html 

6.   Instant [  ] —  : 
https://doc.rust-lang.org/std/time/struct.Instant.html 

7.   serde [  ] —  : 
https://serde.rs/ 

8.   [  ] —  : 
https://github.com/Naymoll/time_analyzer.git 

9.    Rust [  ] — 

 : https://doc.rust-lang.org/std/ 

10.         C++ 

[  ] —  : 
https://github.com/ismaelJimenez/cpp.leastsq 

11.   chrono [  ] —  
: https://docs.rs/chrono/0.4.19/chrono/ 

12.   rand [  ] —  : 

https://docs.rs/rand/0.8.3/rand/ 

13.    [  ] —  : 

https://web.williams.edu/Mathematics/sjmiller/public_html/BrownClasses/54/h

andouts/MethodLeastSquares.pdf 

 

https://llvm.org/docs/LangRef.html
http://wiki.c2.com/?ForeignFunctionInterface
https://opensource.google/projects/benchmark
https://doc.rust-lang.org/std/process/struct.Command.html
https://doc.rust-lang.org/std/time/struct.Instant.html
https://serde.rs/
https://github.com/Naymoll/time_analyzer.git
https://doc.rust-lang.org/std/
https://github.com/ismaelJimenez/cpp.leastsq
https://docs.rs/chrono/0.4.19/chrono/
https://docs.rs/rand/0.8.3/rand/
https://web.williams.edu/Mathematics/sjmiller/public_html/BrownClasses/54/handouts/MethodLeastSquares.pdf
https://web.williams.edu/Mathematics/sjmiller/public_html/BrownClasses/54/handouts/MethodLeastSquares.pdf
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const.exe 

 
#include <fstream> 

 
int main(int argc, char *argv[]) { 
    auto stream = std::fstream(argv[1], std::fstream::in); 

 
    size_t size; 
    stream >> size; 

 
    size_t double_size = size * size; 
    return 0;  

} 

 

find.exe 

 
#include <vector> 
#include <fstream> 
#include <algorithm> 

 
int main(int argc, char *argv[]) { 
    auto stream = std::fstream(argv[1], std::fstream::in); 

 
    size_t size; 
    stream >> size; 

 
    std::vector<int64_t> buffer(size); 
    for (size_t i = 0; i < size; i++) { 

        int64_t value; 
        stream >> value; 
 

        buffer.push_back(value);      
    } 
 

    int64_t min = buffer[0]; 
    for (size_t i = 1; i < size; i++) { 
        if (buffer[i] < min) { 

            min = buffer[i]; 
        } 
    } 

 
    return 0;  

} 
 

qsort.exe 

 
#include <vector> 
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#include <fstream> 

#include <algorithm> 
 
int main(int argc, char *argv[]) { 

    auto stream = std::fstream(argv[1], std::fstream::in); 
 
    size_t size; 

    stream >> size; 
 
    std::vector<int64_t> buffer(size); 

    for (size_t i = 0; i < size; i++) { 
        int64_t value; 
        stream >> value; 

 
        buffer.push_back(value);      
    } 

 

    std::sort(buffer.begin(), buffer.end()); 
    return 0;  

} 

 

sort.exe 
 

#include <vector> 
#include <fstream> 
#include <algorithm> 

 
int main(int argc, char *argv[]) { 
    auto stream = std::fstream(argv[1], std::fstream::in); 

 
    size_t size; 
    stream >> size; 

 
    std::vector<int64_t> buffer(size); 
    for (size_t i = 0; i < size; i++) { 

        int64_t value; 
        stream >> value; 
 

        buffer.push_back(value);      
    } 
 

    for (size_t i = 0; i < size - 1; i++) { 
        for (size_t j = i + 1; j < size; j++) { 
            if (buffer[i] > buffer[j]) { 

                std::swap(buffer[i], buffer[j]); 
            } 

        } 

    } 
 
    return 0;  

} 
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