
R in action 

Data analysis and graphics with R 

Robert I. Kabakoff 

 

R ʚ ʜʝʡʩʪʚʠʠ
1
 

ʈʦʙʝʨʪ ʀ. ʂʘʙʘʢʦʚ 

ʇʝʨʝʚʦʜ ʇʦʣʠʥʳ ɸ. ɺʦʣʢʦʚʦʡ
 2 

 

ʂʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʏʘʩʪʴ 1. ʅʘʯʘʣʦ ʨʘʙʦʪʳ 

ɻʣʘʚʘ 1. ɿʥʘʢʦʤʩʪʚʦ ʩ R 

ɻʣʘʚʘ 2. ʉʦʟʜʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ɻʣʘʚʘ 3. ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʩ ʜʠʘʛʨʘʤʤʘʤʠ 

ɻʣʘʚʘ 4. ʆʩʥʦʚʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ 

ɻʣʘʚʘ 5. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ 

ʏʘʩʪʴ 2. ɹʘʟʦʚʳʝ ʤʝʪʦʜʳ 

ɻʣʘʚʘ 6. ɹʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ 

ɻʣʘʚʘ 7. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

 

                                                 
1
 ɸʥʘʣʠʟ ʠ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ R ï ʇʨʠʤ. ʘʚʪʦʨʘ 

 
2
 ʋʯʪʝʥʳ ʦʧʝʯʘʪʢʠ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʚʝʨʩʠʠ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʘ ʬʦʨʫʤʝ ʠ ʩʘʡʪʝ ʠʟʜʘʪʝʣʴʩʪʚʘ ï ʇʨʠʤ. ʧʝʨ. 



ʉʦʜʝʨʞʘʥʠʝ 

ʏʘʩʪʴ 1. ʅʘʯʘʣʦ ʨʘʙʦʪʳ 

ɻʣʘʚʘ 1. ɿʥʘʢʦʤʩʪʚʦ ʩ R 

1.1. ɿʘʯʝʤ ʥʫʞʥʘ R? 

1.2. ʇʦʣʫʯʝʥʠʝ ʠ ʫʩʪʘʥʦʚʢʘ R 

1.3. ʈʘʙʦʪʘ ʚ R 

1.4. ʇʘʢʝʪʳ 

1.5. ʇʘʢʝʪʥʘʷ ʦʙʨʘʙʦʪʢʘ 

1.7. ʈʘʙʦʪʘ ʩ ʙʦʣʴʰʠʤʠ ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ 

1.8. ʋʯʠʤʩʷ ʥʘ ʧʨʠʤʝʨʝ 

1.9. ʈʝʟʶʤʝ 

ɻʣʘʚʘ 2. ʉʦʟʜʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

2.1. ʏʪʦ ʪʘʢʦʝ ʥʘʙʦʨ ʜʘʥʥʳʭ? 

2.2. ʊʠʧʳ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

2.3. ɺʚʦʜ ʜʘʥʥʳʭ 

2.4. ɸʥʥʦʪʠʨʦʚʘʥʠʝ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ 

2.5. ʇʦʣʝʟʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʙʲʝʢʪʘʤʠ 

2.6. ʈʝʟʶʤʝ 

ɻʣʘʚʘ 3. ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʩ ʜʠʘʛʨʘʤʤʘʤʠ 

3.1. ʈʘʙʦʪʘ ʩ ʜʠʘʛʨʘʤʤʘʤʠ 

3.2. ʇʨʦʩʪʦʡ ʧʨʠʤʝʨ 

3.3. ɻʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

3.4. ɼʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʘ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʩʝʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

3.5. ʆʙʲʝʜʠʥʝʥʠʝ ʜʠʘʛʨʘʤʤ 

3.6. ʈʝʟʶʤʝ 

ɻʣʘʚʘ 4. ʆʩʥʦʚʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ 



4.1. ʈʘʙʦʯʠʡ ʧʨʠʤʝʨ 

4.2. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ 

4.3. ʇʝʨʝʢʦʜʠʨʦʚʢʘ ʧʝʨʝʤʝʥʥʳʭ 

4.4. ʇʝʨʝʠʤʝʥʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ 

4.5. ʇʨʦʧʫʱʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

4.6. ɼʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ ʜʘʪʳ 

4.7. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠʟ ʦʜʥʦʛʦ ʪʠʧʘ ʚ ʜʨʫʛʦʡ 

4.8. ʉʦʨʪʠʨʦʚʢʘ ʜʘʥʥʳʭ 

4.9. ʆʙʲʝʜʠʥʝʥʠʝ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ 

4.10. ʈʘʟʜʝʣʝʥʠʝ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ 

4.11. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʘʥʜ SQL ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʘʙʣʠʮ ʜʘʥʥʳʭ 

4.12. ʈʝʟʶʤʝ 

ɻʣʘʚʘ 5. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ 

5.1. ɿʘʜʘʯʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʨʝʰʠʪʴ 

5.2. ʏʠʩʣʦʚʳʝ ʠ ʪʝʢʩʪʦʚʳʝ ʬʫʥʢʮʠʠ 

5.3. ʈʝʰʝʥʠʝ ʥʘʰʝʡ ʟʘʜʘʯʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʜʘʥʥʳʤʠ 

5.4. ʋʧʨʘʚʣʝʥʠʝ ʚʳʧʦʣʥʝʥʠʝʤ ʢʦʤʘʥʜ 

5.5. ʅʘʧʠʩʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʫʥʢʮʠʠ 

5.6. ɸʛʨʝʛʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ  

5.7. ʈʝʟʶʤʝ 

ʏʘʩʪʴ 2. ɹʘʟʦʚʳʝ ʤʝʪʦʜʳ 

ɻʣʘʚʘ 6. ɹʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ 

6.1. ʉʪʦʣʙʯʘʪʳʝ ʜʠʘʛʨʘʤʤʳ 

6.2. ʂʨʫʛʦʚʳʝ ʜʠʘʛʨʘʤʤʳ 

6.3. ɻʠʩʪʦʛʨʘʤʤʳ 

6.4. ɼʠʘʛʨʘʤʤʳ ʧʣʦʪʥʦʩʪʠ ʷʜʨʘ 

6.5. ʗʱʠʢʠ ʩ ʫʩʘʤʠ 



6.6. ʊʦʯʝʯʥʳʝ ʜʠʘʛʨʘʤʤ  r

6.7. ʈʝʟʶʤʝ 

ɻʣʘʚʘ 7. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

7.1. ʆʧʠʩʘʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʢʠ 

7.2. ʊʘʙʣʠʮʳ ʯʘʩʪʦʪ ʠ ʪʘʙʣʠʮʳ ʩʦʧʨʷʞʝʥʥʦʩʪʠ 

7.3. ʂʦʨʨʝʣʷʮʠʠ 

7.4. ʊʝʩʪʳ ʉʪʴʶʜʝʥʪʘ 

7.5. ʅʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʪʝʩʪʳ ʤʝʞʛʨʫʧʧʦʚʳʭ ʨʘʟʣʠʯʠʡ 

7.6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʛʨʫʧʧʦʚʳʭ ʨʘʟʣʠʯʠʡ 

7.7. ʈʝʟʶʤʝ 

 



ʇʨʝʜʠʩʣʦʚʠʝ 
 

ʏʪʦ ʪʦʣʢʫ ʚ ʢʥʠʞʢʝ, ʝʩʣʠ ʚ ʥʝʡ ʥʝʪ ʥʠ ʢʘʨʪʠʥʦʢ, ʥʠ ʨʘʟʛʦʚʦʨʦʚ? 

- ɸʣʠʩʘ. çɸʣʠʩʘ ʚ ʉʪʨʘʥʝ ʏʫʜʝʩè ʇʝʨʝʚʦʜ ʅ. ɼʝʤʫʨʦʚʦʡ 

 

ʆʥʦ ʯʫʜʝʩʥʦ ʠ ʥʘʜʝʣʝʥʦ ʩʦʢʨʦʚʠʱʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʩʝʭ ʦʪ ʤʘʣʘ ʜʦ ʚʝʣʠʢʘ, ʥʦ ʥʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʦʙʢʠʭ ʜʫʭʦʤ. 

- ʂʴʶ. ʉʝʨʠʘʣ çɿʚʝʟʜʥʳʡ ʧʫʪʴ: ʩʣʝʜʫʶʱʝʝ ʧʦʢʦʣʝʥʠʝè  

 

ʂʦʛʜʘ ʷ ʥʘʯʘʣ ʧʠʩʘʪʴ ʢʥʠʛʫ, ʷ ʧʦʪʨʘʪʠʣ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʧʦʠʩʢʘʭ ʭʦʨʦʰʝʛʦ ʵʧʠʛʨʘʬʘ. ɺ 

ʠʪʦʛʝ ʷ ʦʩʪʘʥʦʚʠʣʩʷ ʥʘ ʵʪʠʭ ʜʚʫʭ. R ï ʵʪʦ ʧʦʪʨʷʩʘʶʱʝ ʛʠʙʢʠʝ ʧʨʦʛʨʘʤʤʘ ʠ ʷʟʳʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʦʥʠʤʘʥʠʷ ʜʘʥʥʳʭ. ʗ ʚʳʙʨʘʣ ʮʠʪʘʪʫ ʠʟ çɸʣʠʩʳ ʚ ʉʪʨʘʥʝ ʏʫʜʝʩè, ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ 

ʩʫʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ï ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ɺʪʦʨʘʷ ʮʠʪʘʪʘ ʦʪʨʘʞʘʝʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʨʘʙʦʪʝ ʚ R ʩʣʦʞʥʦ 

ʥʘʫʯʠʪʴʩʷ. ʗ ʥʘʜʝʶʩʴ ʧʦʢʘʟʘʪʴ ʚʘʤ, ʯʪʦ ʵʪʦ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢ. R ï ʤʦʱʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩ ʪʘʢʠʤ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʜʦʩʪʫʧʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʧʦ ʧʦʩʣʝʜʥʠʤ ʧʦʜʩʯʝʪʘʤ ʠʭ 

ʙʦʣʝʝ 50 000), ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʚ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʥʘʚʝʩʪʠ ʫʞʘʩ ʠ ʥʘ ʥʦʚʠʯʢʦʚ, ʠ ʥʘ ʦʧʳʪʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʤʥʠʤʦʤ ʙʝʟʫʤʠʠ ʝʩʪʴ ʧʦʵʟʠʷ ʠ ʣʦʛʠʢʘ. ɺʦʦʨʫʞʠʚʰʠʩʴ ʨʫʢʦʚʦʜʩʪʚʘʤʠ 

ʠ ʠʥʩʪʨʫʢʮʠʷʤʠ, ʚʳ ʩʤʦʞʝʪʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʦʛʨʦʤʥʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʚʳʙʨʘʚ ʪʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʫʞʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʝʨʝʥʥʦ, ʵʬʬʝʢʪʠʚʥʦ ʠ ʵʣʝʛʘʥʪʥʦ ʚʳʧʦʣʥʠʪʴ ʚʘʰʫ 

ʟʘʜʘʯʫ. 

ʗ ʚʧʝʨʚʳʝ ʧʦʟʥʘʢʦʤʠʣʩʷ ʩ R ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ, ʢʦʛʜʘ ʭʦʪʝʣ ʧʦʣʫʯʠʪʴ ʥʦʚʫʶ ʜʦʣʞʥʦʩʪʴ 

ʢʦʥʩʫʣʴʪʘʥʪʘ ʧʦ ʩʪʘʪʠʩʪʠʢʝ. ʄʥʦʛʦʦʙʝʱʘʶʱʠʡ ʨʘʙʦʪʦʜʘʪʝʣʴ ʧʝʨʝʜ ʠʥʪʝʨʚʴʶ ʩʧʨʦʩʠʣ ʤʝʥʷ, ʚʣʘʜʝʶ 

ʣʠ ʷ R. ʉʣʝʜʫʷ ʦʙʳʯʥʳʤ ʩʦʚʝʪʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʧʦʜʙʦʨʫ ʧʝʨʩʦʥʘʣʘ, ʷ ʥʝʤʝʜʣʝʥʥʦ ʩʢʘʟʘʣ çʜʘè ʠ 

ʩʪʘʣ ʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʚ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ. ʗ ʙʳʣ ʦʧʳʪʥʳʤ ʩʪʘʪʠʩʪʠʢʦʤ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʩ 25 ʛʦʜʘʤʠ 

ʦʧʳʪʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ SAS ʠ SPSS, ʩʚʦʙʦʜʥʦ ʚʣʘʜʝʚʰʠʤ ʥʝʩʢʦʣʴʢʠʤʠ ʷʟʳʢʘʤʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʏʝʛʦ ʞʝ ʪʫʪ ʩʣʦʞʥʦʛʦ? ɿʥʘʤʝʥʠʪʳʝ ʧʦʩʣʝʜʥʠʝ ʩʣʦʚʘ. 

ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʷ ʧʳʪʘʣʩʷ ʚʳʫʯʠʪʴ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʢʘʢ ʤʦʞʥʦ ʙʳʩʪʨʝʝ, ʚʝʜʴ ʜʝʥʴ 

ʩʦʙʝʩʝʜʦʚʘʥʠʷ ʧʨʠʙʣʠʞʘʣʩʷ ʩ ʫʛʨʦʞʘʶʱʝʡ ʙʳʩʪʨʦʪʦʡ), ʷ ʥʘʭʦʜʠʣ ʠʣʠ ʪʦʤʘ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʛʣʫʙʠʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʷʟʳʢʘ ʠʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʨʘʢʪʘʪʳ ʦʙ ʦʪʜʝʣʴʥʳʭ ʧʨʦʜʚʠʥʫʪʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ, ʥʘʧʠʩʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʩʚʦʠʭ ʢʦʣʣʝʛ. ʆʥʣʘʡʥ-

ʧʦʤʦʱʴ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʦʯʝʥʴ ʣʘʢʦʥʠʯʥʦ ʠ ʩʣʫʞʠʣʘ ʩʢʦʨʝʝ ʩʧʨʘʚʦʯʥʠʢʦʤ, ʯʝʤ ʫʯʝʙʥʳʤ ʧʦʩʦʙʠʝʤ. 

ʂʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʤʥʝ ʢʘʟʘʣʦʩʴ, ʯʪʦ ʷ ʦʩʚʦʠʣ ʦʙʫɦ  ʁʣʦʛʠʢʫ ʠ ʚʦʟʤʦʞʥʦʩʪʠ R, ʥʘʭʦʜʠʣʦʩʴ ʯʪʦ-ʪʦ 

ʥʦʚʦʝ, ʟʘʩʪʘʚʣʷʚʰʝʝ ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ ʥʝʚʝʞʝʩʪʚʝʥʥʳʤ ʠ ʥʠʯʪʦʞʥʳʤ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʩʚʦʠʪʴ ʧʨʦʛʨʘʤʤʫ, ʷ ʧʦʜʦʰʝʣ ʢ ʵʪʦʤʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, 

ʢʦʪʦʨʦʤʫ ʥʫʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ. ʗ ʧʳʪʘʣʩʷ ʧʦʥʷʪʴ, ʯʪʦ ʥʫʞʥʦ ʩʜʝʣʘʪʴ, ʯʪʦʙʳ ʫʩʧʝʰʥʦ 

ʦʙʨʘʙʦʪʘʪʴ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʧʦʥʷʪʴ ʜʘʥʥʳʝ, ʚʢʣʶʯʘʷ: 

¶ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ (ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ); 

¶ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ (ʟʘʤʝʥʘ ʠʣʠ ʫʜʘʣʝʥʠʝ ʧʨʦʧʫʱʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʠʟʥʘʢʦʚ ʚ ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʚʠʜ); 

¶ ʘʥʥʦʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ (ʯʪʦʙʳ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʞʜʳʡ ʠʭ ʬʨʘʛʤʝʥʪ); 

¶ ʧʦʣʫʯʝʥʠʝ ʦʙʱʠʭ ʩʚʝʜʝʥʠʡ ʦ ʜʘʥʥʳʭ (ʚʳʯʠʩʣʝʥʠʝ ʦʧʠʩʘʪʝʣʴʥʳʭ ʩʪʘʪʠʩʪʠʢ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʘʥʥʳʝ); 

¶ ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ (ʧʦʩʢʦʣʴʢʫ ʢʘʨʪʠʥʢʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʩʪʦʠʪ ʪʳʩʷʯʠ ʩʣʦʚ); 

¶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ (ʥʘʭʦʞʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʛʠʧʦʪʝʟ); 

¶ ʦʬʦʨʤʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ (ʧʦʜʛʦʪʦʚʢʘ ʪʘʙʣʠʮ ʠ ʜʠʘʛʨʘʤʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ 
ʢʘʯʝʩʪʚʘ). 

ɿʘʪʝʤ ʷ ʧʦʩʪʘʨʘʣʩʷ ʧʦʥʷʪʴ, ʢʘʢ ʷ ʤʦʛʫ ʠʩʧʦʣʴʟʦʚʘʪʴ R, ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʢʘʞʜʫʶ ʠʟ ʵʪʠʭ ʟʘʜʘʯ. 

ʇʦʩʢʦʣʴʢʫ ʷ ʣʫʯʰʝ ʚʩʝʛʦ ʫʯʫʩʴ, ʦʙʫʯʘʷ, ʷ ʩʦ ʚʨʝʤʝʥʝʤ ʩʦʟʜʘʣ ʩʘʡʪ (www.statmethods.net), ʥʘ ʢʦʪʦʨʦʤ 

ʨʘʩʩʢʘʟʘʣ ʚʩʝ, ʯʪʦ ʷ ʫʟʥʘʣ. 

ɿʘʪʝʤ, ʦʢʦʣʦ ʛʦʜʘ ʥʘʟʘʜ, ʄʘʨʴʷʥ ɹʝʡʩ (Marjan Bace), ʠʟʜʘʪʝʣʴ, ʧʦʟʚʦʥʠʣʘ ʠ ʩʧʨʦʩʠʣʘ, ʥʝ ʭʦʯʫ 

ʣʠ ʷ ʥʘʧʠʩʘʪʴ ʢʥʠʞʢʫ ʧʨʦ R. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʷ ʫʞʝ ʥʘʧʠʩʘʣ 50 ʩʪʘʪʝʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʯʝʪʳʨʝ 



ʪʝʭʥʠʯʝʩʢʠʭ ʨʫʢʦʚʦʜʩʪʚʘ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʣʘʚʳ ʚ ʢʥʠʛʘʭ ʠ ʮʝʣʫʶ ʢʥʠʛʫ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʯʝʛʦ ʞʝ ʪʫʪ ʤʦʛʣʦ ʙʳʪʴ ʩʣʦʞʥʦʛʦ? ʈʠʩʢʫʶ ʧʦʚʪʦʨʠʪʴʩʷ ï ʟʥʘʤʝʥʠʪʳʝ ʧʦʩʣʝʜʥʠʝ 

ʩʣʦʚʘ. 

ʂʥʠʛʫ, ʢʦʪʦʨʫʶ ʚʳ ʜʝʨʞʠʪʝ ʚ ʨʫʢʘʭ, ʷ ʤʝʯʪʘʣ ʠʤʝʪʴ ʤʥʦʛʦ ʣʝʪ ʥʘʟʘʜ. ʗ ʧʦʩʪʘʨʘʣʩʷ ʥʘʧʠʩʘʪʴ 

ʜʣʷ ʚʘʩ ʧʫʪʝʚʦʜʠʪʝʣʴ ʧʦ R, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʦʚʣʘʜʝʪʴ ʚʩʝʡ ʤʦʱʴʶ ʵʪʦʡ ʟʘʤʝʯʘʪʝʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ ʙʝʟ ʨʘʟʦʯʘʨʦʚʘʥʠʷ ʠ ʨʘʟʜʨʘʞʝʥʠ,̫ ʢʦʪʦʨʳʝ ʧʨʠʰʣʦʩʴ ʠʩʧʳʪʘʪʴ ʤʥʝ. 

ʅʘʜʝʶʩʴ, ʚʘʤ ʧʦʥʨʘʚʠʪʩʷ. 

P.S. ʄʥʝ ʧʨʝʜʣʦʞʠʣʠ ʪʫ ʜʦʣʞʥʦʩʪʴ, ʥʦ ʷ ʦʪʢʘʟʘʣʩʷ. ʆʜʥʘʢʦ ʟʥʘʢʦʤʩʪʚʦ ʩ R ʨʘʟʚʝʨʥʫʣʦ ʤʦʶ 

ʢʘʨʴʝʨʫ ʚ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʞʠʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɾʠʟʥʴ ʤʦʞʝʪ ʙʳʪʴ ʟʘʙʘʚʥʦʡ ʰʪʫʢʦʡ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 
 

ʄʥʦʛʠʝ ʣʶʜʠ ʧʨʠʣʦʞʠʣʠ ʚʩʝ ʫʩʠʣʠʷ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʵʪʫ ʢʥʠʛʫ ʣʫʯʰʝ: 

¶ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʄʘʨʴʷʥ ɹʝʡʩ (Marjan Bace), ʛʣʘʚʘ ʠʟʜʘʪʝʣʴʩʪʚʘ ʄʘʥʥʠʥʛ (Manning), 

ʢʦʪʦʨʘʷ ʧʨʝʜʣʦʞʠʣʘ ʤʥʝ ʥʘʧʠʩʘʪʴ ʵʪʫ ʢʥʠʛʫ; 

¶ ʉʝʙʘʩʪʴʷʥ ʉʪʠʨʣʠʥʛ (Sebastian Stirling), ʨʝʜʘʢʪʦʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʧʦ ʘʫʜʠʪʦʨʠʠ (development 

editor), ʢʦʪʦʨʳʡ ʧʨʦʚʝʣ ʤʥʦʛʠʝ ʯʘʩʳ ʚ ʪʝʣʝʬʦʥʥʳʭ ʙʝʩʝʜʘʭ ʩʦ ʤʥʦʡ, ʧʦʤʦʛʘʷ ʚʳʩʪʨʦʠʪʴ 

ʤʘʪʝʨʠʘʣ, ʧʨʦʷʩʥʠʪʴ ʦʩʥʦʚʥʳʝ ʠʜʝʠ ʠ ʚ ʮʝʣʦʤ ʩʜʝʣʘʪʴ ʪʝʢʩʪ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ. ʆʥ ʪʘʢʞʝ 

ʧʦʤʦʛ ʤʥʝ ʥʘ ʤʥʦʛʠʭ ʵʪʘʧʘʭ ʧʦʜʛʦʪʦʚʢʠ ʢʥʠʛʠ ʢ ʠʟʜʘʥʠʶ; 

¶ ʂʘʨʝʥ ʊʝʛʤʝʡʝʨ (Karen Tegtmeyer), ʨʝʜʘʢʪʦʨ-ʨʝʮʝʥʟʝʥʪ (review editor), ʢʦʪʦʨʘʷ ʧʦʤʦʛʣʘ ʥʘʡʪʠ 

ʨʝʮʝʥʟʝʥʪʦʚ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʣʘ ʧʨʦʮʝʩʩ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ; 

¶ ʄʘʨʠ ʇʠʨʛʠʩ (Mary Piergies), ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʣʘ ʩʣʝʜʠʪʴ ʟʘ ʧʨʦʮʝʩʩʦʤ ʧʦʜʛʦʪʦʚʢʠ ʢʥʠʛʠ ʢ 

ʧʝʯʘʪʠ, ʠ ʝʝ ʢʦʤʘʥʜʫ: ʃʠʟ ɺʝʣʯ (Liz Welch), ʉʴʶʟʘʥ ʍʘʨʢʠʥʩ (Susan Harkins) ʠ ʈʘʭʝʣʴ ʐʨʝʜʝʨ 

(Rachel Schroeder); 

¶ ʇʘʙʣʦ ɼʦʤʠʥʠʢ ɺʘʩʝʣʣʠ (Pablo Dominguez Vaselli), ʢʦʨʨʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʧʦʤʦʛ ʦʙʥʘʨʫʞʠʪʴ 

ʦʰʠʙʢʠ ʠ ʩʚʝʞʠʤ ʦʧʳʪʥʳʤ ʚʟʛʣʷʜʦʤ ʧʨʦʚʝʨʠʣ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ; 

¶ ʈʝʮʝʥʟʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʪʨʘʪʠʣʠ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʚʥʠʤʘʪʝʣʴʥʦʝ ʯʪʝʥʠʝ ʪʝʢʩʪʘ, ʥʘʭʦʜʠʣʠ 

ʦʧʝʯʘʪʢʠ ʠ ʜʝʣʘʣʠ ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ: ʂʨʠʩ ɺʠʣʣʴʷʤʩ (Chris Williams), ʏʘʨʣʴʟ ʄʘʣʴʧʘʩ 

(Charles Malpas), ɸʥʞʝʣʘ ʉʪʝʡʧʣʟ (Angela  Staples), ɼʘʥʠʵʣʴ ʈʝʡʩ ʇʝʨʝʡʨʘ (Daniel Reis 

Pereira), ɼ.ʍ. ɺʘʥ ʈʘʡʥ (D.H. van Rijn), ʂʨʠʩʪʠʘʥ ʄʘʨʢʫʘʨʜʪ (Christian Marquardt), ɸʤʦʩ 

ʌʦʣʘʨʠʥ (Amos Folarin), ʉʪʶʘʨʪ ɼʞʝʬʬʨʠʩ (Stuart Jefferys), ɼʨʦʨ ɹʝʨʝʣ (Dror Berel), ʇʘʪʨʠʢ 

ɹʨʠʥ (Patrick Breen), ʕʣʠʟʘʙʝʪ ʆʩʪʨʦʚʩʢʠ (Elizabeth Ostrowski), ɸʪʝʬ ʆʫʥʠ (Atef Ouni), ʂʘʨʣ 

ʌʝʥʦʣʣʦʟʘ (Carles Fenollosa), ʈʠʢʘʨʜʦ ʇʠʪʨʦʙʦʥ (Ricardo Pietrobon), ʉʘʤʫʵʣʴ ʄʘʢʂʚʠʣʠʥ 

(Samuel McQuillin), ʃʘʥʜʦʥ ʂʦʢʩ (Landon Cox), ɸʚʛʫʩʪʠʥ ʎʠʛʣʝʨ (Austin Ziegler), ʈʠʢ ɺʘʛʥʝʨ 

(Rick Wagner), ʈʘʡʥ ʂʦʢʩ (Ryan Cox), ʉʫʤʠʪ ʇʘʣ (Sumit Pal), ʌʠʣʠʧʧ ʂ. ɼʞʘʥʝʨ (Philipp K. 

Janert), ɼʠʧʘʢ ɺʦʭʨʘ (Deepak Vohra) ʠ ʉʦʬʠ ʄʦʨʤʝʜʝ (Sophie Mormede); 

¶ ʄʥʦʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʛʨʘʤʤʳ ʨʘʥʥʝʛʦ ʜʦʩʪʫʧʘ ʠʟʜʘʪʝʣʴʩʪʚʘ ʄʘʥʥʠʥʛ (Manning Early Access 

Program ï MEAP).   

ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʣʶʜʝʡ ʩʜʝʣʘʣ ʵʪʫ ʢʥʠʛʫ ʣʫʯʰʝ ʠ ʧʦʣʥʝʝ. 

ʗ ʪʘʢʞʝ ʭʦʪʝʣ ʙʳ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʠ 

ʩʜʝʣʘʣʠ R ʪʘʢʦʡ ʤʦʱʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʕʪʦʪ ʩʧʠʩʦʢ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʦʩʥʦʚʥʫʶ ʢʦʤʘʥʜʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʥʦ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʘʤʦʦʪʚʝʨʞʝʥʥʳʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʣʠ 

ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʢʝʪʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ R. ɺ ʧʨʠʣʦʞʝʥʠʠ 

F ʧʝʨʝʯʠʩʣʝʥʳ ʘʚʪʦʨʳ ʚʩʝʭ ʧʘʢʝʪʦʚ, ʫʧʦʤʷʥʫʪʳʭ ʚ ʵʪʦʡ ʢʥʠʛʝ. ʆʪʜʝʣʴʥʦ ʷ ʭʦʪʝʣ ʙʳ ʫʧʦʤʷʥʫʪʴ 

ɼʞʦʥʘ ʌʦʢʩʘ (John  Fox), ʍʘʜʣʠ ɺʠʢʭʘʤʘ (Hadley Wickham), ʌʨʘʥʢʘ ɽ. ʍʘʨʨʝʣʘ-ʤʣ. (Frank E. 

Harrell), ɼʠʧʘʷʥ ʉʘʨʢʘʨ (Deepayan Sarkar) ʠ ɺʠʣʴʷʤʘ ʈʝʚʠʣʣʘ (William Revelle), ʨʘʙʦʪʘʤʠ ʢʦʪʦʨʳʭ ʷ 

ʚʦʩʭʠʱʘʶʩʴ. ʗ ʩʪʘʨʘʣʩʷ ʢʘʢ ʩʣʝʜʫʝʪ ʦʪʨʘʟʠʪʴ ʠʭ ʚʢʣʘʜ, ʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʩʝ ʦʰʠʙʢʠ ʠ 

ʠʩʢʘʞʝʥʠʷ, ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦ ʜʦʧʫʱʝʥʥʳʝ ʚ ʵʪʦʡ ʢʥʠʛʝ, ʣʝʞʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʤʥʝ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʤʥʝ ʩʣʝʜʦʚʘʣʦ ʙʳ ʥʘʯʘʪʴ ʵʪʫ ʢʥʠʛʫ ʩ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʤʦʝʡ ʞʝʥʝ ʠ ʜʨʫʛʫ ʂʵʨʦʣ 

ʃʠʥʥ (Carol Lynn). ʍʦʪʷ ʦʥʘ ʦʩʦʙʝʥʥʦ ʥʝ ʠʥʪʝʨʝʩʫʝʪʩʷ ʩʪʘʪʠʩʪʠʢʦʡ ʠʣʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ, ʦʥʘ ʧʦ 

ʤʥʦʛʦ ʨʘʟ ʯʠʪʘʣʘ ʢʘʞʜʫʶ ʛʣʘʚʫ ʠ ʜʝʣʘʣʘ ʙʝʩʯʠʩʣʝʥʥʳʝ ʠʩʧʨʘʚʣʝʥʠʷ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. ʅʠʢʘʢʠʤ 

ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʥʝʣʴʟʷ ʚʳʨʘʟʠʪʴ ʩʚʦʶ ʣʶʙʦʚʴ ʢ ʜʨʫʛʦʤʫ ʯʝʣʦʚʝʢʫ ʣʫʯʰʝ, ʯʝʤ ʧʨʦʯʝʩʪʴ ʨʘʜʠ ʥʝʛʦ 

ʪʝʢʩʪ ʧʦ ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʘʪʠʩʪʠʢʝ. ʉʪʦʣʴ ʞʝ ʚʘʞʥʦ, ʯʪʦ ʦʥʘ ʧʝʨʝʞʠʚʘʣʘ ʤʥʦʛʠʝ ʚʝʯʝʨʘ ʠ ʚʳʭʦʜʥʳʝ, 



ʢʦʪʦʨʳʝ ʷ ʧʨʦʚʦʜʠʣ ʚ ʨʘʙʦʪʝ ʥʘʜ ʵʪʦʡ ʢʥʠʛʦʡ, ʩ ʪʘʢʪʦʤ, ʧʦʜʜʝʨʞʢʦʡ ʠ ʩʦʯʫʚʩʪʚʠʝʤ. ʀ ʟʘ ʯʪʦ ʵʪʦ ʤʥʝ 

ʪʘʢ ʧʦʚʝʟʣʦ? 

ɽʩʪʴ ʝʱʝ ʜʚʘ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʭ ʷ ʭʦʯʫ ʧʦʙʣʘʛʦʜʘʨʠʪʴ. ʆʜʠʥ ʠʟ ʥʠʭ ʤʦʡ ʦʪʝʮ, ʣʶʙʦʚʴ 

ʢʦʪʦʨʦʛʦ ʢ ʥʘʫʢʝ ʚʜʦʭʥʦʚʣʷʣʘ ʤʝʥʷ ʠ ʧʦʤʦʛʣʘ ʧʦʥʷʪʴ ʮʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɼʨʫʛʦʡ ʯʝʣʦʚʝʢ 

ï ɻʘʨʠ ʂ. ɹʫʨʛʝʨ (Gary K. Burger), ʤʦʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʚ ʤʘʛʠʩʪʨʘʪʫʨʝ. ɻʘʨʠ ʟʘʠʥʪʝʨʝʩʦʚʘʣ ʤʝʥʷ 

ʩʪʘʪʠʩʪʠʢʦʡ ʠ ʧʨʝʧʦʜʘʚʘʥʠʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʷ ʩʦʙʠʨʘʣʩʷ ʩʪʘʪʴ ʚʨʘʯʦʤ. ʕʪʦ ʚʩʝ ʦʥ. 

 

ʆ ʢʥʠʛʝ 
 

ɽʩʣʠ ʚʳ ʚʳʙʨʘʣʠ ʵʪʫ ʢʥʠʛʫ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʫ ʚʘʩ ʝʩʪʴ ʢʘʢʠʝ-ʪʦ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʩʦʙʨʘʪʴ ʚ 

ʝʜʠʥʦʝ ʮʝʣʦʝ, ʧʨʝʦʙʨʘʟʦʚʘʪʴ, ʠʩʩʣʝʜʦʚʘʪʴ, ʤʦʜʝʣʠʨʦʚʘʪʴ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠʣʠ  ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʦʣʣʝʛʘʤ. ɽʩʣʠ ʵʪʦ ʪʘʢ, ʪʦ R ʩʦʟʜʘʥ ʜʣʷ ʚʘʩ! R ʩʪʘʣ ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʳʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʝʜʩʢʘʟʘʥʠʡ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. ɺ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʦ 

ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʦʪ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʜʦ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ. 

ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ ʨʘʙʦʪʘʝʪ ʧʦʜ ʨʘʟʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʚʢʣʶʯʘʷ 

Windows, Mac OS X ʠ Linux. ʆʥʘ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦ, ʥʦʚʳʝ ʤʝʪʦʜʳ ʧʦʷʚʣʷʶʪʩʷ ʝʞʝʜʥʝʚʥʦ. 

ʂʨʦʤʝ ʪʦʛʦ, R ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʴʰʠʤ ʠ ʨʘʟʥʦʨʦʜʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʫʯʝʥʳʭ ʠ ʧʨʦʛʨʘʤʤʠʩʪʦʚ, 

ʢʦʪʦʨʳʝ ʦʭʦʪʥʦ ʧʦʤʦʛʫʪ ʥʦʚʠʯʢʫ ʩʦʚʝʪʘʤʠ. 

ʍʦʪʷ ʧʨʦʛʨʘʤʤʘ R, ʚʦʟʤʦʞʥʦ, ʙʦʣʴʰʝ ʠʟʚʝʩʪʥʘ ʟʘ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʢʨʘʩʠʚʳʝ ʠ ʩʣʦʞʥʳʝ 

ʜʠʘʛʨʘʤʤʳ, ʦʥʘ ʤʦʞʝʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʣʶʙʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ɹʘʟʦʚʘʷ ʚʝʨʩʠʷ ʩʦʜʝʨʞʠʪ ʩʦʪʥʠ 

ʬʫʥʢʮʠʡ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ. ʆʜʥʘʢʦ 

ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦ ʤʦʱʥʳʝ ʤʝʪʦʜʳ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʢʝʪʘʭ, ʩʦʟʜʘʥʥʳʭ 

ʦʪʜʝʣʴʥʳʤʠ ʘʚʪʦʨʘʤʠ. 

ʕʪʘ ʰʠʨʦʪʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʤʝʝʪ ʩʚʦʶ ʮʝʥʫ. ɼʣʷ ʥʦʚʠʯʢʦʚ ʙʳʚʘʝʪ ʩʣʦʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʪʘʢʦʝ R 

ʠ ʢʘʢ ʚ ʥʝʤ ʨʘʙʦʪʘʪʴ. ɼʘʞʝ ʩʘʤʳʝ ʦʧʳʪʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ R ʩ ʫʜʠʚʣʝʥʠʝʤ ʦʙʥʘʨʫʞʠʚʘʶʪ ʢʘʢʠʝ-ʪʦ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʦ ʢʦʪʦʨʳʭ ʦʥʠ ʥʝ ʧʦʜʦʟʨʝʚʘʣʠ. 

çR ʚ ʜʝʡʩʪʚʠʠè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʫʢʦʚʦʜʩʪʚʦ-ʧʫʪʝʚʦʜʠʪʝʣʴ ʧʦ R, ʧʦʟʚʦʣʷʷ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʩʘʤʦʡ ʧʨʦʛʨʘʤʤʦʡ ʠ ʝʝ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ɺ ʢʥʠʛʝ ʦʧʠʩʘʥʳ ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʳʝ 

ʬʫʥʢʮʠʠ ʙʘʟʦʚʦʡ ʚʝʨʩʠʠ ʠ ʙʦʣʝʝ 90 ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʢʝʪʦʚ. ʅʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʢʥʠʛʠ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ï ʥʘ ʪʦ, ʯʪʦʙʳ ʚʳ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ 

ʧʨʦʯʠʪʘʥʥʳʤ, ʤʦʛʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʘʰʠ ʜʘʥʥʳʝ ʠ ʠʟʣʦʞʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʢʦʣʣʝʛʘʤ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʯʪʝʥʠʷ ʵʪʦʡ ʢʥʠʛʠ ʚʳ ʙʫʜʝʪʝ ʠʤʝʪʴ ʭʦʨʦʰʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢ R ʨʘʙʦʪʘʝʪ, ʠ ʛʜʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʜʘʣʴʥʝʡʰʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺʳ ʥʘʫʯʠʪʝʩʴ ʧʨʠʤʝʥʷʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʦʙʨʝʪʝʪʝ ʜʦʩʪʘʪʦʯʥʦ ʫʤʝʥʠʡ, ʯʪʦʙʳ ʩʧʨʘʚʠʪʴʩʷ ʢʘʢ ʩ ʧʨʦʩʪʳʤʠ, ʪʘʢ ʠ ʩʦ 

ʩʣʦʞʥʳʤʠ ʟʘʜʘʯʘʤʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

 

 

ʂʦʤʫ ʩʣʝʜʫʝʪ ʧʨʦʯʝʩʪʴ ʵʪʫ ʢʥʠʛʫ 

 

ʂʥʠʛʘ çR ʚ ʜʝʡʩʪʚʠʠè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʣʶʙʦʛʦ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʝʣʦ ʩ ʜʘʥʥʳʤʠ. ʆʧʳʪ ʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʍʦʪʷ ʵʪʘ ʢʥʠʛʘ ʜʦʩʪʫʧʥʘ ʠ ʥʦʚʠʯʢʘʤ, ʚ ʥʝʡ 

ʩʦʜʝʨʞʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʦʛʦ ʠ ʧʦʣʝʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʟʘʧʨʦʩʳ ʜʘʞʝ ʦʧʳʪʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ R. 

ʇʦʣʴʟʦʚʘʪʝʣʠ, ʥʝ ʚʣʘʜʝʶʱʠʝ ʧʦʟʥʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʩʪʘʪʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

R ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, ʠʭ ʦʙʦʙʱʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ, ʩʤʦʛʫʪ ʣʝʛʢʦ ʧʦʥʷʪʴ 

ʛʣʘʚʳ 1ð6, 11 ʠ 16. ɻʣʘʚʳ 7 ʠ 10 ʧʦʜʨʘʟʫʤʝʚʘʶʪ, ʯʪʦ ʚʳ ʧʨʦʩʣʫʰʘʣʠ ʚʚʦʜʥʳʡ ʢʫʨʩ ʩʪʘʪʠʩʪʠʢʠ, ʘ 

ʛʣʘʚʳ 8, 9 ʠ 12ð15 ʧʦʪʨʝʙʫʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʧʦʟʥʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ ʷ ʩʪʘʨʘʣʩʷ ʥʘʧʠʩʘʪʴ 

ʢʘʞʜʫʶ ʛʣʘʚʫ ʪʘʢ, ʯʪʦʙʳ ʚ ʥʝʡ ʙʳʣʦ ʯʪʦ-ʪʦ ʠʥʪʝʨʝʩʥʦʝ ʠ ʧʦʣʝʟʥʦʝ ʠ ʜʣʷ ʥʦʚʠʯʢʦʚ ʠ ʜʣʷ ʦʧʳʪʥʳʭ 

ʩʪʘʪʠʩʪʠʢʦʚ. 

 



ʉʪʨʫʢʪʫʨʘ ʢʥʠʛʠ 

 

ʕʪʘ ʢʥʠʛʘ ʩʦʟʜʘʥʘ ʢʘʢ ʧʫʪʝʚʦʜʠʪʝʣʴ ʧʦ ʧʨʦʛʨʘʤʤʝ R, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʨʘʟʫ 

ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʦʩʤʳʩʣʝʥʠʷ. ʂʥʠʛʘ ʩʦʩʪʦʠʪ ʠʟ 16 ʛʣʘʚ, 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʚ ʯʝʪʳʨʝ ʯʘʩʪʠ: çʅʘʯʘʣʦ ʨʘʙʦʪʳè, çɹʘʟʦʚʳʝ ʤʝʪʦʜʳè, çʄʝʪʦʜʳ ʩʨʝʜʥʝʡ 

ʩʣʦʞʥʦʩʪʠè ʠ çʄʝʪʦʜʳ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠè. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʤʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʚʦʩʴʤʠ 

ʧʨʠʣʦʞʝʥʠʷʭ. 

ɻʣʘʚʘ 1 ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʟʦʨʘ ʧʨʦʛʨʘʤʤʳ ʚ ʮʝʣʦʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʝʝ ʩʪʦʣʴ 

ʧʦʣʝʟʥʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺ ʛʣʘʚʝ ʨʘʩʩʢʘʟʘʥʦ, ʢʘʢ ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʛʨʘʤʤʫ ʠ ʢʘʢ ʨʘʩʰʠʨʠʪʴ ʝʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʜʦʩʪʫʧʥʳʭ ʚ ʉʝʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʢʝʪʦʚ. ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʛʣʘʚʳ 

ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʳ ʠ ʨʘʩʩʢʘʟʫ ʦ ʪʦʤ, ʢʘʢ ʟʘʧʫʩʢʘʪʴ ʝʝ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʠ 

ʧʘʢʝʪʥʦʤ ʨʝʞʠʤʘʭ. 

ɺ ʛʣʘʚʝ 2 ʦʧʠʩʘʥʳ ʤʥʦʛʠʝ ʤʝʪʦʜʳ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʫ. ʇʝʨʚʘʷ ʧʦʣʦʚʠʥʘ ʛʣʘʚʳ 

ʧʦʩʚʷʱʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʠʧʦʚ ʜʘʥʥʳʭ ʚ R ʠ ʪʦʤʫ, ʢʘʢ ʚʚʦʜʠʪʴ ʜʘʥʥʳʝ ʩ ʢʣʘʚʠʘʪʫʨʳ. ɺʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʛʣʘʚʳ ʦʙʩʫʞʜʘʶʪʩʷ ʩʧʦʩʦʙʳ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʠʟ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʚʝʙ-ʩʪʨʘʥʠʮ, 

ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ, ʜʨʫʛʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʠ ʙʘʟ ʜʘʥʥʳʭ. 

ʄʥʦʛʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʠʟʥʘʯʘʣʴʥʦ ʚʳʙʨʘʣʠ R, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʭʦʪʷʪ ʩʦʟʜʘʚʘʪʴ ʜʠʘʛʨʘʤʤʳ, ʪʘʢ 

ʯʪʦ ʤʳ ʩʨʘʟʫ ʧʝʨʝʭʦʜʠʤ ʢ ʵʪʦʡ ʪʝʤʝ ʚ ʛʣʘʚʝ 3. ɺʘʤ ʥʝ ʧʦʥʘʜʦʙʠʪʩʷ ʜʦʣʛʦ ʞʜʘʪʴ. ʄʳ ʦʙʩʫʞʜʘʝʤ, ʢʘʢ 

ʩʦʟʜʘʚʘʪʴ ʜʠʘʛʨʘʤʤʳ, ʠʟʤʝʥʷʪʴ ʠʭ ʠ ʩʦʭʨʘʥʷʪʴ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʪʘʭ. 

ɻʣʘʚʘ 4 ʧʦʩʚʷʱʝʥʘ ʦʩʥʦʚʘʤ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʩʦʨʪʠʨʦʚʢʫ, ʦʙʲʝʜʠʥʝʥʠʝ ʠ 

ʨʘʟʙʠʝʥʠʝ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʝʨʝʢʦʜʠʨʦʚʢʫ ʠ ʫʜʘʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ. 

ɻʣʘʚʘ 5 ʦʩʥʦʚʘʥʘ ʥʘ ʛʣʘʚʝ 4 ʠ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʡ (ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ, 

ʪʝʢʩʪʦʚʳʭ) ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʮʠʢʣʳ, ʚʳʧʦʣʥʝʥʠʝ ʧʨʠ ʫʩʣʦʚʠʠ) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ. 

ɿʘʪʝʤ ʤʳ ʦʙʩʫʞʜʘʝʤ, ʢʘʢ ʥʘʧʠʩʘʪʴ ʚʘʰʫ ʩʦʙʩʪʚʝʥʥʫʶ ʬʫʥʢʮʠʶ ʚ R ʠ ʢʘʢ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʜʘʥʥʳʝ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɺ ʛʣʘʚʝ 6 ʨʘʩʩʢʘʟʘʥʦ, ʢʘʢ ʩʦʟʜʘʚʘʪʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʦʜʥʦʤʝʨʥʳʝ ʜʠʘʛʨʘʤʤʳ, 

ʪʘʢʠʝ ʢʘʢ ʩʪʦʣʙʯʘʪʘʷ ʠ ʢʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, çʷʱʠʢ ʩ ʫʩʘʤʠè ʠ 

ʪʦʯʝʯʥʘʷ ʜʠʘʛʨʘʤʤʘ. ɺʩʝ ʵʪʠ ʜʠʘʛʨʘʤʤʳ ʧʦʣʝʟʥ rʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ɻʣʘʚʘ 7 ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʠʩʘʥʠʷ ʪʦʛʦ, ʢʘʢ ʥʘʭʦʜʠʪʴ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʠʩʘʪʝʣʴʥʳʭ ʩʪʘʪʠʩʪʠʢ ʠ ʩʚʦʜʥʳʭ ʪʘʙʣʠʮ. ɿʘʪʝʤ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʩʥʦʚʥʳʝ 

ʩʧʦʩʦʙʳ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ, ʚʢʣʶʯʘʷ ʢʦʨʨʝʣʷʮʠʶ, ʪʝʩʪ ʉʪʴʶʜʝʥʪʘ, 

ʪʝʩʪ ʭʠ-ʢʚʘʜʨʘʪ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ɻʣʘʚʘ 8 ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʯʠʩʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ-ʦʪʢʣʠʢʦʤ (outcome variable) ʠ ʥʘʙʦʨʦʤ ʠʟ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (predictor variables). ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʧʦʜʛʦʥʢʠ ʵʪʠʭ 

ʤʦʜʝʣʝʡ, ʦʮʝʥʢʠ ʠʭ ʘʜʝʢʚʘʪʥʦʩʪʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʭ ʟʥʘʯʝʥʠʡ. 

ɺ ʛʣʘʚʝ 9 ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʧʨʠ ʜʠʩʧʝʨʩʠʦʥʥʦʤ 

ʘʥʘʣʠʟʝ ʠ ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʥʘʩ ʦʙʳʯʥʦ ʠʥʪʝʨʝʩʫʝʪ, ʢʘʢ ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʠʣʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʚʣʠʷʶʪ ʥʘ ʯʠʩʣʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ-ʦʪʢʣʠʢ. ʊʘʢʞʝ ʦʧʠʩʘʥʳ 

ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʘʥʘʣʠʟʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʘʥʘʣʠʟʘ ʤʦʱʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ï ʧʨʝʜʤʝʪ ʛʣʘʚʳ 10. ʆʥʘ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ, ʜʘʣʝʝ ʦʧʠʩʘʥʦ, ʢʘʢ ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʝʤ 

ʚʳʙʦʨʢʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʕʪʦ ʧʦʤʦʞʝʪ ʚʘʤ ʧʦʚʳʩʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɻʣʘʚʘ 11 ï ʵʪʦ ʧʨʦʜʦʣʞʝʥʠʝ ʛʣʘʚʳ 5. ɺ ʥʝʡ ʨʘʩʩʢʘʟʘʥʦ, ʢʘʢ ʩʦʟʜʘʪʴ ʜʠʘʛʨʘʤʤʳ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʧʝʨʝʤʝʥʥʳʤʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʨʘʟʥʳʝ ʪʠʧʳ ʜʚʫʭ- ʠ 

ʪʨʝʭʤʝʨʥʳʭ ʜʠʘʛʨʘʤʤ ʨʘʩʩʝʷʥʠʷ, ʤʘʪʨʠʮ ʜʠʘʛʨʘʤʤ ʨʘʩʩʝʷʥʠʷ, ʛʨʘʬʠʢʦʚ, ʢʦʨʨʝʣʦʛʨʘʤʤ ʠ ʤʦʟʘʠʯʥʳʭ 

ʜʠʘʛʨʘʤʤ. 

ɺ ʛʣʘʚʝ 12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʪ, ʢʦʛʜʘ ʜʘʥʥʳʝ 

ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʥʝʠʟʚʝʩʪʥʳʭ ʠʣʠ ʩʤʝʰʘʥʥʳʭ ʪʠʧʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʛʜʘ ʨʘʟʤʝʨʳ ʚʳʙʦʨʦʢ ʤʘʣʳ, 

ʢʦʛʜʘ ʚʳʙʨʦʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʙʣʝʤʫ ʠʣʠ ʢʦʛʜʘ ʨʘʟʨʘʙʦʪʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʠʰʢʦʤ ʩʣʦʞʥʘ. ʕʪʦ ʤʝʪʦʜ ʧʦʚʪʦʨʥʦʡ ʚʳʙʦʨʢʠ 



(resampling) ʠ ʙʫʪʩʪʨʝʧ-ʘʥʘʣʠʟ (bootstrapping) ï ʧʦʜʭʦʜʳ, ʪʨʝʙʫʶʱʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʤʳʝ ʚ R. 

ɻʣʘʚʘ 13 ʦʧʠʩʳʚʘʝʪ, ʢʘʢ ʧʨʠʤʝʥʷʪʴ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʛʣʘʚʝ 8, ʢ 

ʜʘʥʥʳʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʦʪʣʠʯʥʳʤ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ. ɻʣʘʚʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʠʩʘʥʠʷ ʦʙʦʙʱʝʥʥʳʭ 

ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ. ɿʘʪʝʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʥʫʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ 

ʧʝʨʝʤʝʥʥʫʶ-ʦʪʢʣʠʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʠʣʠ ʢʘʪʝʛʦʨʠʘʣʴʥʳʤʠ (ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ), ʠʣʠ 

ʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ (ʧʫʘʩʩʦʥʦʚʩʢʘʷ ʨʝʛʨʝʩʩʠʷ). 

ʆʜʥʘ ʠʟ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʥʦʛʦʤʝʨʥʳʤʠ ʜʘʥʥʳʤʠ ï ʵʪʦ ʧʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʠʭ 

ʨʘʟʤʝʨʥʦʩʪʠ. ɺ ʛʣʘʚʝ 14 ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʝʥʴʰʠʡ ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ), 

ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʩʢʨʳʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʠʤʝʶʱʝʤʩʷ ʥʘʙʦʨʝ ʧʝʨʝʤʝʥʥʳʭ (ʬʘʢʪʦʨʥʳʡ 

ʘʥʘʣʠʟ). ɼʝʪʘʣʴʥʦ ʨʘʟʦʙʨʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʪʘʧʳ ʵʪʠʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʠʤ ʥʘʤʝʨʝʥʠʝʤ ʦʧʠʩʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʛʣʘʚʘ 15 

ʧʦʩʚʷʱʝʥʘ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʘʤ ʢ ʨʝʰʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʦʧʫʱʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚ ʜʘʥʥʳʭ. ɺ R ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʟʷʱʥʳʝ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʥʝʧʦʣʥʳʭ ʚ ʩʠʣʫ ʨʘʟʥʳʭ 

ʧʨʠʯʠʥ ʜʘʥʥʳʭ. ɿʜʝʩʴ ʦʧʠʩʘʥʳ ʣʫʯʰʠʝ ʠʟ ʥʠʭ, ʚʤʝʩʪʝ ʩ ʨʘʟʲʷʩʥʝʥʠʷʤʠ, ʢʦʛʜʘ ʩʪʦʠʪ ʧʨʠʤʝʥʷʪʴ 

ʢʘʞʜʳʡ ʠʟ ʥʠʭ, ʘ ʢʘʢʠʝ ï ʣʫʯʰʝ ʠʟʙʝʛʘʪʴ. 

ɻʣʘʚʘ 16 ʟʘʚʝʨʰʘʝʪ ʦʙʩʫʞʜʝʥʠʝ ʜʠʘʛʨʘʤʤ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ 

ʧʦʣʝʟʥʳʭ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʯʝʥʴ ʩʣʦʞʥʳʭ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʥʝʣʴʥʦʡ ʛʨʘʬʠʢʠ, ʜʘʥʳ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʥʦʚʦʤ ʧʘʢʝʪʝ ggplot 2, ʪʘʢʞʝ 

ʢʨʘʪʢʦ ʦʧʠʩʘʥʳ ʩʧʦʩʦʙʳ ʨʘʙʦʪʳ ʩ ʜʠʘʛʨʘʤʤʘʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɺ ʧʦʩʣʝʩʣʦʚʠʠ ʧʝʨʝʯʠʩʣʝʥʳ ʤʥʦʛʠʝ ʠʟ ʣʫʯʰʠʭ ʩʘʡʪʦʚ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʧʦʩʝʪʠʪʴ, ʯʪʦʙʳ 

ʥʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʚ R, ʚʣʠʪʴʩʷ ʚ ʩʦʦʙʱʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ R, ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ rʥʘ ʚʦʟʥʠʢʰʠʝ 

ʚʦʧʨʦʩʳ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʵʪʦʤ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ. 

ʀ, ʧʦʩʣʝʜʥʝʝ, ʥʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʝ, ʚʦʩʝʤʴ ʧʨʠʣʦʞʝʥʠʡ (ʦʪ A ʜʦ H) ʩʦʜʝʨʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʚʝʜʝʥʠʷ ʧʦ ʪʘʢʠʤ ʧʦʣʝʟʥʳʤ ʪʝʤʘʤ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʥʘʩʪʨʦʡʢʘ ʠ ʦʙʥʦʚʣʝʥʠʝ 

ʧʨʦʛʨʘʤʤʳ, ʵʢʩʧʦʨʪ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʩʦʢʦʛʦ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ R ʜʣʷ ʤʘʪʨʠʯʥʦʡ ʘʣʛʝʙʨʳ (ʧʦ ʦʙʨʘʟʮʫ MATLAB) ʠ ʨʘʙʦʪʘ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ 

ʜʘʥʥʳʭ. 

 

ʇʨʠʤʝʨʳ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʢʥʠʛʫ ʪʘʢ ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤʦʡ, ʢʘʢ ʵʪʦ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦ, ʷ ʚʳʙʨʘʣ ʧʨʠʤʝʨʳ 

ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʡ, ʚʢʣʶʯʘʷ ʧʩʠʭʦʣʦʛʠʶ, ʩʦʮʠʦʣʦʛʠʶ, ʤʝʜʠʮʠʥʫ, ʙʠʦʣʦʛʠʶ, ʙʠʟʥʝʩ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ʅʠ ʦʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʦʙʣʘʩʪʠ. 

ʅʘʙʦʨʳ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʪʠʭ ʧʨʠʤʝʨʘʭ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠʥʪʝʨʝʩʥʳʝ ʚʦʧʨʦʩʳ ʠ ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʝʪʦʜʝ ʠ ʙʳʩʪʨʦ ʧʦʥʷʪʴ ʧʨʦʠʩʭʦʜʷʱʝʝ. ʂʦʛʜʘ ʫʯʠʰʴʩʷ ʥʦʚʳʤ 

ʤʝʪʦʜʘʤ, ʤʝʥʴʰʝ ï ʟʥʘʯʠʪ ʣʫʯʰʝ. 

ʅʘʙʦʨʳ ʜʘʥʥʳʭ ʠʣʠ ʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʙʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ R, ʠʣʠ ʜʦʩʪʫʧʥʳ ʚ ʩʦʩʪʘʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʢʝʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʢʘʯʘʪʴ ʠʟ ʀʥʪʝʨʥʝʪʘ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʨʠʤʝʨʘ ʨʘʟʤʝʱʝʥ ʥʘ ʩʘʡʪʝ http://www.manning.com/RinAction. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ 

ʚʩʝ ʚʦʟʤʦʞʥʦʝ ʦʪ ʵʪʦʡ ʢʥʠʛʠ, ʷ ʨʝʢʦʤʝʥʜʫʶ ʚʳʧʦʣʥʷʪʴ ʧʨʠʤʝʨʳ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʚʳ ʠʭ ʯʠʪʘʝʪʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʫʞʥʦ ʚʩʧʦʤʥʠʪʴ ʠʟʚʝʩʪʥʫʶ ʩʝʥʪʝʥʮʠʶ, ʢʦʪʦʨʘʷ ʛʣʘʩʠʪ, ʯʪʦ ʝʩʣʠ ʩʧʨʦʩʠʪʴ 

ʜʚʫʭ ʩʪʘʪʠʩʪʠʢʦʚ, ʢʘʢ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʧʦʣʫʯʠʰʴ ʪʨʠ ʨʘʟʥʳʭ ʦʪʚʝʪʘ. 

ʄʦʞʥʦ ʧʦʥʠʤʘʪʴ ʵʪʦʪ ʘʬʦʨʠʟʤ ʧʦ-ʨʘʟʥʦʤʫ ï ʚʝʜʴ ʢʘʞʜʳʡ ʦʪʚʝʪ ʧʨʠʙʣʠʟʠʪ ʚʘʩ ʢ ʧʦʥʠʤʘʥʠʶ ʜʘʥʥʳʭ. 

ʗ ʥʝ ʫʪʚʝʨʞʜʘʶ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʥʦʡ ʩʧʦʩʦʙ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ï ʣʫʯʰʠʡ ʠʣʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʫʪʴ ʢ 

ʨʝʰʝʥʠ ʁʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʗ ʧʨʝʜʣʘʛʘʶ ʚʘʤ ʧʨʠʤʝʥʠʪʴ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʜʘʥʥʳʤ, ʠʩʧʦʣʴʟʫʷ 

ʟʥʘʥʠʷ, ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʚʦ ʚʨʝʤʷ ʯʪʝʥʠʷ ʢʥʠʛʠ, ʠ ʧʦʩʤʦʪʨʝʪʴ, ʯʪʦ ʚʳ ʩʤʦʞʝʪʝ ʫʟʥʘʪʴ. R ï 

ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʠ ʣʫʯʰʠʡ ʩʧʦʩʦʙ ʯʝʤʫ-ʪʦ ʥʘʫʯʠʪʴʩʷ ʚ ʥʝʡ ï ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ. 

 



ʇʨʠʥʷʪʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 

 

ɺ ʢʥʠʛʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʦʛʨʘʬʩʢʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

¶ ʤʦʥʦʰʠʨʠʥʥʳʡ ʰʨʠʬʪ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʢʦʪʦʨʳʡ ʥʫʞʥʦ ʚʚʦʜʠʪʴ ʠʤʝʥʥʦ 

ʪʘʢ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʢʥʠʛʝ; 

¶ ʤʦʥʦʰʠʨʠʥʥʳʡ ʰʨʠʬʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʚʥʫʪʨʠ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʘ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʬʨʘʛʤʝʥʪʦʚ ʢʦʜʘ ʠʣʠ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʳʭ ʦʙʲʝʢʪʦʚ; 

¶ ʢʫʨʩʠʚ ʚʥʫʪʨʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ï ʵʪʦ ʫʢʘʟʘʪʝʣʴ ʤʝʩʪʘ ʟʘʧʦʣʥʝʥʠʷ. ɽʛʦ ʩʣʝʜʫʝʪ ʟʘʤʝʥʷʪʴ 

ʧʦʜʭʦʜʷʱʠʤ ʪʝʢʩʪʦʤ ʠʣʠ ʟʥʘʯʝʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʘʰʝʡ ʟʘʜʘʯʝ. ʅʘʧʨʠʤʝʨ, 

ʧʫʪʴ_ʢ_ʤʦʝʤʫ_ʬʘʡʣʫ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʤʝʥʝʥ ʫʢʘʟʘʥʠʝʤ ʧʫʪʠ ʢ ʨʝʘʣʴʥʦʤʫ ʬʘʡʣʫ ʥʘ ʚʘʰʝʤ 

ʢʦʤʧʴʶʪʝʨʝ; 

¶ R ï ʵʪʦ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʷʟʳʢ, ʢʦʪʦʨʳʡ ʠʥʬʦʨʤʠʨʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʥʷʪʴ 

ʢʦʤʘʥʜʫ ʧʨʠʛʣʘʰʝʥʠʝʤ (> ʧʦ ʫʤʦʣʯʘʥʠʶ). ʄʥʦʛʠʝ ʬʨʘʛʤʝʥʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʚ ʢʥʠʛʝ 

ʩʢʦʧʠʨʦʚʘʥʳ ʠʟ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʝʩʩʠʡ. ɽʩʣʠ ʚʳ ʚʠʜʠʪʝ ʩʪʨʦʢʠ ʢʦʜʘ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪʩʷ ʩ >, 

ʥʝ ʥʘʙʠʨʘʡʪʝ ʵʪʦʪ ʩʠʤʚʦʣ ʧʨʠʛʣʘʰʝʥʠʷ ʢ ʚʚʦʜʫ ʢʦʤʘʥʜʳ; 

¶ ʧʦʷʩʥʝʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʢʦʜʫ ʧʨʠʚʝʜʝʥʳ ʚ ʚʠʜʝ ʚʥʫʪʨʠʪʝʢʩʪʦʚʳʭ ʢʦʤʤʝʥʪʘʨʠʝʚ. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʧʦʷʩʥʝʥʠʷ ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤʠ ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʤʠ 

ʢʨʫʞʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ¬, ʢʦʪʦʨʳʝ ʦʪʩʳʣʘʶʪ ʢ ʦʙʲʷʩʥʝʥʠʶ ʥʠʞʝ ʧʦ ʪʝʢʩʪʫ; ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 
ʩɻ ʢʦʥʦʤʠʪʴ ʤʝʩʪʦ ʠʣʠ ʩʜʝʣʘʪʴ ʪʝʢʩʪ ʙʦʣʝʝ ʧʦʥʷʪʥʳʤ, ʤʳ ʠʥʦʛʜʘ ʜʦʙʘʚʣʷʣʠ ʚ ʚʳʚʦʜ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʝʩʩʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʙʝʣʳ ʠʣʠ ʫʜʘʣʷʣʠ ʪʝʢʩʪ, ʢʦʪʦʨʳʡ 

ʥʘʧʨʷʤʫʶ ʥʝ ʦʪʥʦʩʠʣʩʷ ʢ ʦʙʩʫʞʜʘʝʤʦʡ ʪʝʤʝ. 

 

ʆʙ ʘʚʪʦʨʝ 

 

ɼʦʢʪʦʨ ʥʘʫʢ ʈʦʙʝʨʪ ʂʘʙʘʢʦʚ ï ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʟʠʜʝʥʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ (Vice President 

of Research) ʚ ʛʨʫʧʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʥʝʜʞʤʝʥʪʘ (Management Research Group ï MRG), 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʬʠʨʤʝ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ ʨʘʟʚʠʪʠʠ ʠ ʢʦʥʩʘʣʪʠʥʛʝ. ʋ ʥʝʛʦ ʟʘ 

ʩʧʠʥʦʡ ʙʦʣʝʝ 20 ʣʝʪ ʦʧʳʪʘ ʚ ʩʬʝʨʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʦʥʩʫʣʴʪʘʮʠʡ ʚ ʦʙʣʘʩʪʷʭ 

ʟʘʙʦʪʳ ʦ ʟʜʦʨʦʚʴʝ, ʬʠʥʘʥʩʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʧʨʦʠʟʚʦʜʩʪʚʘ, ʙʠʭʝʚʠʦʨʠʟʤʘ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʢʘʜʝʤʠʯʝʩʢʦʡ 

ʥʘʫʢʠ. ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ ʢ MRG, ʈ. ʂʘʙʘʢʦʚ ʙʳʣ ʧʨʦʬʝʩʩʦʨʦʤ ʧʩʠʭʦʣʦʛʠʠ ʚ ʶʛʦ-

ʚʦʩʪʦʯʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʅʦʚʘ (Nova Southeastern University) ʚʦ ʌʣʦʨʠʜʝ, ʛʜʝ ʦʥ ʧʨʝʧʦʜʘʚʘʣ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ ʤʘʛʠʩʪʨʘʪʫʨʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʛʦʜʘ 

ʦʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʘʡʪʳ Quick-R ʠ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʧʦ R. 

ʆʙ ʠʣʣʶʩʪʨʘʮʠʠ ʩ ʦʙʣʦʞʢʠ 
 

ʅʘ ʦʙʣʦʞʢʝ ʢʥʠʛʠ çR ʚ ʜʝʡʩʪʚʠʠè ʠʟʦʙʨʘʞʝʥ çʄʫʞʯʠʥʘ ʠʟ ɿʘʜʘʨʘè. ʕʪʘ ʠʣʣʶʩʪʨʘʮʠʷ 

ʧʦʟʘʠʤʩʪʚʦʚʘʥʘ ʠʟ ʘʣʴʙʦʤʘ, ʧʦʩʚʷʱʝʥʥʦʛʦ ʭʦʨʚʘʪʩʢʠʤ ʥʘʮʠʦʥʘʣʴʥʳʤ ʢʦʩʪʶʤʘʤ ʩʝʨʝʜʠʥʳ XIX  ʚʝʢʘ. 

ɸʣʴʙʦʤ ʩʦʩʪʘʚʣʝʥ ʅʠʢʦʣʦʡ ɸʨʩʝʥʦʚʠʯʝʤ (Nikola Arsenovic) ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʚ 2003 ʛʦʜʫ ʤʫʟʝʝʤ 

ʵʪʥʦʛʨʘʬʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʭʦʨʚʘʪʩʢʦʤ ʛʦʨʦʜʝ ʉʧʣʠʪ. ʀʣʣʶʩʪʨʘʮʠʷ ʧʦʣʫʯʝʥʘ ʙʣʘʛʦʜʘʨʷ 

ʣʶʙʝʟʥʦʡ ʧʦʤʦʱʠ ʙʠʙʣʠʦʪʝʢʘʨʷ ʤʫʟʝʷ. ʕʪʦʪ ʤʫʟʝʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʨʠʤʩʢʦʡ ʯʘʩʪʠ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ 

ʮʝʥʪʨʘ ʛʦʨʦʜʘ: ʥʝʜʘʣʝʢʦ ʦʪ ʨʘʟʚʘʣʠʥ ʜʚʦʨʮʘ ʠʤʧʝʨʘʪʦʨʘ ɼʠʦʢʣʝʪʠʘʥʘ, ʜʘʪʠʨʦʚʘʥʥʳʭ ʧʨʠʤʝʨʥʦ 304 

ʛʦʜʦʤ ʥʘʰʝʡ ʵʨʳ. ɸʣʴʙʦʤ ʩʦʩʪʦʠʪ ʠʟ ʢʨʘʩʦʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʣʶʜʝʡ ʠʟ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʍʦʨʚʘʪʠʠ ʩ 

ʦʧʠʩʘʥʠʝʤ ʠʭ ʢʦʩʪʶʤʦʚ ʠ ʦʙʨʘʟʘ ʞʠʟʥʠ. 

ɿʘʜʘʨ ï ʵʪʦ ʜʨʝʚʥʝʨʠʤʩʢʠʡ ʛʦʨʦʜ ʥʘ ʩʝʚʝʨʝ ʜʘʣʤʘʪʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʍʦʨʚʘʪʠʠ. ɽʤʫ ʙʦʣʝʝ 2000 

ʣʝʪ, ʚ ʪʝʯʝʥʠʝ ʩʦʪʝʥ ʣʝʪ ʦʥ ʙʳʣ ʢʨʫʧʥʳʤ ʧʦʨʪʦʤ ʧʦ ʧʫʪʠ ʠʟ ʂʦʥʩʪʘʥʪʠʥʦʧʦʣʷ ʥʘ ʟʘʧʘʜ. 

ʈʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʚ ʦʢʨʫʞʝʥʠʠ ʥʝʙʦʣʴʰʠʭ ʦʩʪʨʦʚʢʦʚ ɸʜʨʠʘʪʠʯʝʩʢʦʛʦ ʤʦʨʷ, ʵʪʦʪ 

ʞʠʚʦʧʠʩʥʳʡ ʛʦʨʦʜ ʩʣʫʞʠʪ ʧʦʧʫʣʷʨʥʦʡ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʴʶ, ʧʨʠʚʣʝʢʘʷ ʩʚʦʠʤʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʩʦʢʨʦʚʠʱʘʤʠ ï ʨʘʟʚʘʣʠʥʘʤʠ ʨʠʤʩʢʠʭ ʚʨʝʤʝʥ, ʨʚʘʤʠ ʠ ʩʪʘʨʳʤʠ ʢʘʤʝʥʥʳʤʠ 

ʩʪʝʥʘʤʠ. ʇʝʨʩʦʥʘʞ ʩ ʦʙʣʦʞʢʠ ʦʙʣʘʯʝʥ ʚ ʩʠʥʠʝ ʰʝʨʩʪʷʥʳʝ ʙʨʶʢʠ ʠ ʙʝʣʫʶ ʣʴʥʷʥʫʶ ʨʫʙʘʰʢʫ, ʧʦʚʝʨʭ 

ʢʦʪʦʨʦʡ ʦʥ ʥʘʜʝʣ ʩʠʥʠʡ ʞʠʣʝʪ ʠ ʢʫʨʪʢʫ, ʦʪʜʝʣʘʥʥʳʝ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʵʪʦʡ ʨʘʡʦʥʘ ʢʨʘʩʦʯʥʦʡ 

ʚʳʰʠʚʢʦʡ. ʂʨʘʩʥʳʝ ʰʝʨʩʪʷʥʳʝ ʧʦʷʩ ʠ ʰʣʷʧʘ ʜʦʧʦʣʥʷʶʪ ʢʦʩʪʶʤ. 



 ʇʨʠʥʷʪʘʷ ʤʘʥʝʨʘ ʦʜʝʚʘʪʴʩʷ ʠ ʩʪʠʣʴ ʞʠʟʥʠ ʟʘʤʝʪʥʦ ʠʟʤʝʥʠʣʠʩʴ ʟʘ ʧʦʩʣʝʜʥʠʝ 200 ʣʝʪ. 

ʈʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ, ʩʪʦʣʴ ʟʘʤʝʪʥʳʝ ʚ ʧʨʦʰʣʦʤ, ʩʠʣʴʥʦ ʨʘʟʤʳʣʠʩʴ. ʉʝʡʯʘʩ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ 

ʩʣʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʞʠʪʝʣʝʡ ʨʘʟʥʳʭ ʢʦʥʪʠʥʝʥʪʦʚ, ʥʝ ʛʦʚʦʨʷ ʫʞ ʦ ʨʘʟʥʳʭ ʜʝʨʝʚʥʷʭ ʠʣʠ ʛʦʨʦʜʘʭ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʩʝʛʦ ʣʠʰʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺʦʟʤʦʞʥʦ, 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʫʣʴʪʫʨ ʧʨʝʦʙʨʘʟʦʚʘʣʦʩʴ ʚ ʨʘʟʥʦʦʙʨʘʟʠʝ ʣʠʯʥʦʡ ʞʠʟʥʠ ï ʠ ʫʞ, ʢʦʥʝʯʥʦ, ʚ ʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʠ ʜʠʥʘʤʠʯʥʫʶ ʪʝʭʥʦʣʦʛʠʯʥʫʶ ʞʠʟʥʴ. 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʄʘʥʥʠʥʛ ʦʪʤʝʯʘʝʪ ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʴ ʠ ʠʥʠʮʠʘʪʠʚʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʣʦʞʢʘʤʠ ʢʥʠʛ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʜʚʘ 

ʩʪʦʣʝʪʠʷ ʥʘʟʘʜ. ʕʪʠ ʢʫʣʴʪʫʨʳ ʦʞʠʚʘʶʪ ʚ ʥʘʰʝʡ ʧʘʤʷʪʠ ʙʣʘʛʦʜʘʨʷ ʠʣʣʶʩʪʨʘʮʠʷʤ ʠʟ ʩʪʘʨʳʭ ʢʥʠʛ ʠ 

ʢʦʣʣʝʢʮʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʵʪʘ.    

ʏʘʩʪʴ 1. ʅʘʯʘʣʦ ʨʘʙʦʪʳ 
 

ʀʩʧʳʪʘʡʪʝ R ʚ ʜʝʡʩʪʚʠʠ! R ï ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʕʪʦ ʙʝʩʧʣʘʪʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ 

ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Windows, Mac OS X ʠ Linux. ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʢʥʠʛʝ ʚʳ ʧʨʠʦʙʨʝʪʝʪʝ 

ʥʘʚʳʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʚʣʘʜʝʪʴ ʵʪʦʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʘʰʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʂʥʠʛʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʯʝʪʳʨʝ ʯʘʩʪʠ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʫʩʪʘʥʦʚʢʝ ʧʨʦʛʨʘʤʤʳ ʚ ʝʝ ʙʘʟʦʚʦʡ 

ʚʝʨʩʠʠ, ʟʥʘʢʦʤʩʪʚʫ ʩ ʠʥʪʝʨʬʝʡʩʦʤ, ʠʤʧʦʨʪʫ ʜʘʥʥʳʭ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠʭ ʚ ʫʜʦʙʥʳʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚʠʜ. 

ɻʣʘʚʘ 1 ʧʦʟʥʘʢʦʤʠʪ ʚʘʩ ʩ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʦʡ R. ʕʪʘ ʛʣʘʚʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʟʦʨʘ ʧʨʦʛʨʘʤʤʳ R 

ʠ ʝʝ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʝʝ ʩʪʦʣʴ ʤʦʱʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʢʨʘʪʢʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʪʦʛʦ, ʢʘʢ ʩʢʘʯʘʪʴ ʠ ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʛʨʘʤʤʫ, 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʦʧʠʩʘʥ ʥʘ ʨʷʜʝ ʧʨʦʩʪʳʭ ʧʨʠʤʝʨʦʚ. ɿʘʪʝʤ ʚʳ ʥʘʫʯʠʪʝʩʴ ʪʦʤʫ, ʢʘʢ 

ʫʚʝʣʠʯʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʙʘʟʦʚʦʡ ʚʝʨʩʠʠ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʰʠʨʝʥʠʡ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʢʝʪʦʚ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʢʘʯʘʪʴ ʙʝʩʧʣʘʪʥʦ ʩ ʩʝʪʝʚʳʭ ʭʨʘʥʠʣʠʱ. ɺ 

ʢʦʥʮʝ ʛʣʘʚʳ ʨʘʟʤʝʱʝʥ rʧʨʠʤʝʨ,r ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʨʠʤʝʥʠʪʴ ʚʘʰʠ ʥʦʚʳʝ ʫʤʝʥʠʷ. 

ʂʘʢ ʪʦʣʴʢʦ ʚʳ ʧʦʟʥʘʢʦʤʠʣʠʩʴ ʩ ʠʥʪʝʨʬʝʡʩʦʤ R, ʚʦʟʥʠʢʘʝʪ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ ï ʟʘʛʨʫʟʠʪʴ 

ʚʘʰʠ ʜʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʫ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʙʦʛʘʪʦʤ ʠʥʬʦʨʤʘʮʠʝʡ ʤʠʨʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʠʟ 

ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʪʘʭ. ɺ ʛʣʘʚʝ 2 ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʚ R. ʇʝʨʚʘʷ ʧʦʣʦʚʠʥʘ ʛʣʘʚʳ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʬʦʨʤʘʪʦʚ, ʚ 

ʢʦʪʦʨʳʭ R ʭʨʘʥʠʪ ʜʘʥʥʳʝ, ʠ ʨʘʩʩʢʘʟʫ ʦ ʪʦʤ, ʢʘʢ ʚʚʦʜʠʪʴ ʜʘʥʥʳʝ ʚʨʫʯʥʫʶ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ 

ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʪʦʜʳ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʠʟ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʚʝʙ-ʩʪʨʘʥʠʮ, ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ, 

ʜʨʫʛʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʠ ʙʘʟ ʜʘʥʥʳʭ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦ, ʩʣʝʜʫʶʱʠʤ 

ʧʫʥʢʪʦʤ ʠʤʝʣʦ ʙʳ ʩʤʳʩʣ ʦʙʩʫʜʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʠ ʫʩʪʨʘʥʝʥʠʝ ʦʰʠʙʦʢ ʚ ʥʠʭ. ʆʜʥʘʢʦ ʤʥʦʛʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ, ʚʧʝʨʚʳʝ ʧʦʟʥʘʢʦʤʠʚʰʠʝʩʷ ʩ R, ʙʦʣʴʰʝ ʠʥʪʝʨʝʩʫʶʪʩʷ ʝʝ ʤʦʱʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʏʪʦʙʳ ʥʝ ʠʛʥʦʨʠʨʦʚʘʪʴ ʵʪʦʪ ʠʥʪʝʨʝʩ ʠ ʥʝ ʟʘʩʪʘʚʣʷʪʴ ʚʘʩ ʞʜʘʪʴ, ʚ ʛʣʘʚʝ 3 ʤʳ 

ʥʝʤʝʜʣʝʥʥʦ ʧʝʨʝʭʦʜʠʤ ʢ ʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʜʘʥʥʳʭ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʦʙʩʫʞʜʘʝʪʩʷ, ʢʘʢ 

ʩʦʟʜʘʚʘʪʴ ʜʠʘʛʨʘʤʤʳ, ʠʟʤʝʥʷʪʴ ʠʭ ʧʘʨʘʤʝʪʨʳ ʠ ʩʦʭʨʘʥʷʪʴ ʜʠʘʛʨʘʤʤʳ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʪʘʭ. 

ʈʘʩʩʢʘʟʘʥʦ, ʢʘʢ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʚʳʙʠʨʘʪʴ ʮʚʝʪʘ, ʪʠʧʳ ʩʠʤʚʦʣʦʚ ʠ ʣʠʥʠʡ, ʰʨʠʬʪʳ, ʜʝʣʘʪʴ ʟʘʛʦʣʦʚʢʠ, 

ʥʘʜʧʠʩʠ ʠ ʩʧʠʩʢʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʧʠʩʘʥʦ, ʢʘʢ ʦʙʲʝʜʠʥʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʜʠʘʛʨʘʤʤ ʥʘ ʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʘʤ ʧʨʝʜʩʪʘʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʳʪʘʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ R, 

ʥʘʩʪʘʣʦ ʚʨʝʤʷ ʚʝʨʥʫʪʴʩʷ ʢ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ. ʆʥʠ ʨʝʜʢʦ ʩʨʘʟʫ ʧʦʩʪʫʧʘʶʪ ʚ ʛʦʪʦʚʦʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʚʠʜʝ. ʏʘʩʪʦ ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦ ʧʦʪʨʘʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʢʦʤʙʠʥʠʨʫʷ ʜʘʥʥʳʝ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʫʩʪʨʘʥʷʷ ʦʰʠʙʢʠ (ʥʝʧʨʘʚʠʣʴʥʦ ʟʘʢʦʜʠʨʦʚʘʥʥʳʝ, ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ, 

ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ) ʠ ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ, ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ, 

ʧʝʨʝʢʦʜʠʨʦʚʘʥʥʳʝ) ʧʝʨʝʤʝʥʥʳʝ, ʧʨʝʞʜʝ ʯʝʤ ʚʳ ʩʤʦʞʝʪʝ ʧʝʨʝʡʪʠ ʢ ʨʝʰʝʥʠʶ ʠʥʪʝʨʝʩʫʶʱʠʭ ʚʘʩ 

ʟʘʜʘʯ. ɺ ʛʣʘʚʝ 4 ʦʧʠʩʘʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʚ R, ʚʢʣʶʯʘʷ ʩʦʨʪʠʨʦʚʢʫ, 

ʩʣʠʷʥʠʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʬʦʨʤʘʮʠʶ, ʧʝʨʝʢʦʜʠʨʦʚʢʫ ʠ ʫʜʘʣʝʥʠʝ 

ʧʝʨʝʤʝʥʥʳʭ. 

ɻʣʘʚʘ 5 ʦʩʥʦʚʘʥʘ ʥʘ ʤʘʪʝʨʠʘʣʝ, ʠʟʣʦʞʝʥʥʦʤ ʚ ʛʣʘʚʝ 4. ɿʜʝʩʴ ʨʘʩʩʢʘʟʘʥʦ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʯʠʩʣʦʚʳʝ (ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ, ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ) ʠ ʪʝʢʩʪʦʚʳʝ ʬʫʥʢʮʠʠ (ʨʘʟʙʠʝʥʠʝ 



ʩʪʨʦʢ, ʦʙʲʝʜʠʥʝʥʠʝ ʠ ʟʘʤʝʥʫ) ʚ ʫʧʨʘʚʣʝʥʠʠ ʜʘʥʥʳʤʠ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʤʥʦʛʠʭ ʠʟ ʦʧʠʩʘʥʥʳʭ 

ʬʫʥʢʮʠʡ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ. ɼʘʣʝʝ ʨʘʟʦʙʨʘʥʳ ʫʧʨʘʚʣʷʶʱʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʮʠʢʣʳ, ʠʩʧʦʣʥʷʝʤʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʤʘʥʜʳ). ʇʦʩʣʝ ʧʨʦʯʪʝʥʠʷ ʵʪʦʛʦ 

ʨʘʟʜʝʣʘ ʚʳ ʥʘʫʯʠʪʝʩʴ ʩʦʟʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʚ R. ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ R, 

ʦʙʲʝʜʠʥʠʚ ʤʥʦʛʠʝ ʢʦʤʘʥʜʳ ʚ ʦʜʥʫ ʣʝʛʢʦ ʥʘʩʪʨʘʠʚʘʝʤʫʶ ʬʫʥʢʮʠʶ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʙʩʫʞʜʘʶʪʩʷ 

ʤʦʱʥʳʝ ʤʝʪʦʜʳ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʠ ʛʨʫʧʧʠʨʦʚʢʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʙʳʚʘʶʪ ʧʦʣʝʟʥʳʤʠ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʘʥʘʣʠʟʫ. 

ʇʦʩʣʝ ʧʨʦʯʪʝʥʠʷ ʛʣʘʚʳ 1 ʚʳ ʧʦʜʨʦʙʥʦ ʧʦʟʥʘʢʦʤʠʪʝʩʴ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʚ ʩʨʝʜʝ R. ɺʳ 

ʧʨʠʦʙʨʝʪʝʪʝ ʥʘʚʳʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʷ ʠʭ ʠʟ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳ ʧʦʣʫʯʠʪʝ ʦʧʳʪ ʩʦʟʜʘʥʠʷ, ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʭʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʠʘʛʨʘʤʤ. 

 

ɻʣʘʚʘ 1. ɿʥʘʢʦʤʩʪʚʦ ʩ R 

 

ɺ ʵʪʦʡ ʛʣʘʚʝ: 
¶ ʫʩʪʘʥʘʚʣʠʚʘʝʤ R; 

¶ ʟʥʘʢʦʤʠʤʩʷ ʩ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ R; 

¶ ʟʘʧʫʩʢʘʝʤ ʧʨʦʛʨʘʤʤʫ. 

 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʠʣʠʩʴ. ʉ ʧʦʷʚʣʝʥʠʝʤ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʀʥʪʝʨʥʝʪʘ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʠ. ʂʦʤʤʝʨʯʝʩʢʠʝ 

ʢʦʤʧʘʥʠʠ ʦʙʣʘʜʘʶʪ ʪʝʨʘʙʘʡʪʘʤʠ ʜʘʥʥʳʭ ʦ ʧʦʪʨʝʙʠʪʝʣʷʭ, ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ, ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʠ 

ʯʘʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʦʧʝʨʠʨʫʶʪ ʦʙʰʠʨʥʳʤʠ ʘʨʭʠʚʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʘʞʜʦʡ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ (ʥʝ ʛʦʚʦʨʷ ʫʞ ʦ ʟʥʘʥʠʷʭ) ʠʟ 

ʵʪʠʭ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʧʨʝʚʨʘʪʠʣʦʩʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʣʝʛʢʦ ʜʦʩʪʫʧʥʦʤ ʠ ʫʩʚʦʷʝʤʦʤ ʚʠʜʝ ʩʪʘʣʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ. 

ʈʘʟʚʠʪʠʝ ʥʘʫʢ, ʧʦʩʚʷʱʝʥʥʳʭ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ (ʩʪʘʪʠʩʪʠʢʘ, ʧʩʠʭʦʤʝʪʨʠʢʘ, ʵʢʦʥʦʤʝʪʨʠʢʘ, 

ʤʘʰʠʥʥʦʝ ʩʘʤʦʦʙʫʯʝʥʠʝ) ʥʝ ʦʪʩʪʘʶʪ ʦʪ ʚʟʨʳʚʦʦʙʨʘʟʥʦʛʦ ʨʦʩʪʘ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. ɼʦ ʵʧʦʭʠ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʀʥʪʝʨʥʝʪʘ ʥʦʚʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʫʯʝʥʳʤʠ-

ʪʝʦʨʝʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʫʙʣʠʢʦʚʘʣʠ ʩʚʦʠ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʩʪʘʪʝʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʞʫʨʥʘʣʘʭ. 

ʄʦʛʣʠ ʧʨʦʡʪʠ ʛʦʜʳ, ʧʨʝʞʜʝ ʯʝʤ ʵʪʠ ʤʝʪʦʜʳ ʜʦʭʦʜʠʣʠ ʜʦ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʠ ʚʩʪʨʘʠʚʘʣʠʩʴ ʚ ʰʠʨʦʢʦ 

ʜʦʩʪʫʧʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ 

ʧʦʷʚʣʷʶʪʩʷ ʝʞʝʜʥʝʚʥʦ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ-ʩʪʘʪʠʩʪʠʢʠ ʧʫʙʣʠʢʫʶʪ ʥʦʚʳʝ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ 

ʤʝʪʦʜʳ ʚʤʝʩʪʝ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʜʦʤ, ʢʦʪʦʨʳʡ ʠʭ ʨʝʘʣʠʟʫʝʪ, ʥʘ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳʭ ʚʝʙ-ʩʘʡʪʘʭ. 

ʇʦʷʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠʟʤʝʥʠʣʦ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʝʱʝ ʦʜʥʠʤ 

ʦʙʨʘʟʦʤ. ʂʦʛʜʘ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʮʝʥʪʨʘʭ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʚʨʝʤʷ ʙʳʣʦ 

ʜʦʨʦʛʦ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦ. ɸʥʘʣʠʪʠʢʠ ʟʘʨʘʥʝʝ ʪʱʘʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʘʥʘʣʠʟʘ. 

ʂʦʛʜʘ ʘʥʘʣʠʟ ʟʘʚʝʨʰʘʣʩʷ, ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ ʟʘʥʠʤʘʣ ʜʝʩʷʪʢʠ ʠʣʠ ʩʦʪʥʠ ʩʪʨʘʥʠʮ. ɸʥʘʣʠʪʠʢ ʜʦʣʞʝʥ 

ʙʳʣ ʧʨʦʩʤʦʪʨʝʪʴ ʚʩʝ ʠʭ, ʦʩʪʘʚʣʷʷ ʥʫʞʥʦʝ ʠ ʦʪʩʝʠʚʘʷ ʣʠʰʥʝʝ. ʄʥʦʛʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʠʟʦʙʨʝʪʝʥʳ ʚ ʪʫ ʵʧʦʭʫ, ʠ ʜʦ ʩʠʭ ʧʦʨ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʜʝʰʝʚʦʛʦ ʠ ʣʝʛʢʦʛʦ ʜʦʩʪʫʧʘ ʢ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ 

ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʧʨʦʠʟʦʰʣʘ ʩʤʝʥʘ ʧʘʨʘʜʠʛʤʳ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʪʨʝʙʦʚʘʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʘʣʠʟʘ, ʧʨʦʮʝʩʩ ʩʪʘʣ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʠʥʪʝʨʘʢʪʠʚʥʳʤ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʘʥʘʣʠʟʘ ʩʣʫʞʠʪ ʜʘʥʥʳʤʠ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ. 

ʉʭʝʤʘ ʪʠʧʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.1. ʅʘ ʣʶʙʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʦʠʟʚʝʜʝʥʳ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʘʥʥʳʭ, ʚʩʪʘʚʢʘ ʧʨʦʧʫʱʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʜʦʙʘʚʣʝʥʠʝ ʠʣʠ ʫʜʘʣʝʥʠʝ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʜʦʣʞʘʝʪʩʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʚʝʨʰʘʝʪʩʷ, ʢʦʛʜʘ ʘʥʘʣʠʪʠʢ 

ʩʯʠʪʘʝʪ, ʯʪʦ ʦʥ ʠʣʠ ʦʥʘ ʧʦʣʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʣ(ʘ) ʜʘʥʥʳʝ ʠ ʦʪʚʝʪʠʣ(ʘ) ʥʘ ʚʩʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʜʝʣʫ 

ʚʦʧʨʦʩʳ, ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʦʪʚʝʪʠʪʴ. 

 

 

 

 



ʈʠʩ. 1.1. ʕʪʘʧʳ ʪʠʧʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

 
 

ʇʦʷʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ (ʘ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʥʠʪʦʨʦʚ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ) 

ʪʘʢʞʝ ʧʦʚʣʠʷʣʦ ʥʘ ʪʦ, ʢʘʢ ʤʳ ʧʦʥʠʤʘʝʤ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʨʝʜʩʪʘʚʣʷʝʤ ʠʭ. ʀʟʦʙʨʘʞʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʤʦʞʝʪ ʩʪʦʠʪʴ ʪʳʩʷʯʠ ʩʣʦʚ, ʘ ʣʶʜʠ ʚʝʩʴʤʘ ʫʩʧʝʰʥʦ ʠʟʚʣʝʢʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʚʠʟʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʩʝ ʙʦʣʴʰʝ ʦʧʠʨʘʶʪʩʷ ʥʘ ʛʨʘʬʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʪʘʢ, ʩʦʚʨʝʤʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

(ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʪʘʙʣʠʮʳ), ʦʙʲʝʜʠʥʷʪʴ ʬʨʘʛʤʝʥʪʳ ʜʘʥʥʳʭ, ʘʥʥʦʪʠʨʦʚʘʪʴ ʠʭ ʠ ʫʜʘʣʷʪʴ ʦʰʠʙʢʠ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʧʨʠ 

ʧʦʤʦʱʠ ʥʦʚʝʡʰʠʭ ʤʝʪʦʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ ʣʝʛʢʦ ʧʦʜʜʘʶʱʝʤʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ 

ʥʘʛʣʷʜʥʦʤ ʚʠʜʝ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʦʪʯʝʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

 

1.1. ɿʘʯʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ R? 

 

R ï ʵʪʦ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʨʝʜʘ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʩʭʦʜʥʳʡ ʩ ʷʟʳʢʦʤ S, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ ɹʝʣʣ ʃʘʙʟ (Bell Labs). ʕʪʦ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ, ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʴʰʠʤ ʠ ʘʢʪʠʚʥʳʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʪʘʢʠʭ ʢʘʢ Microsoft Excel, SAS, IBM 

SPSS, Stata ʠ Minitab). ɿʘʯʝʤ ʧʝʨʝʭʦʜʠʪʴ ʥʘ R? 

ʋ R ʝʩʪʴ ʤʥʦʛʦ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʤʝʥʥʦ ʝʛʦ: 

¶ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʩʪʦʷʪ ʪʳʩʷʯʠ, ʝʩʣʠ ʥʝ ʜʝʩʷʪʢʠ ʪʳʩʷʯ 
ʜʦʣʣʘʨʦʚ. R ï ʵʪʦ ʙʝʩʧʣʘʪʥʘʷ ʧʨʦʛʨʘʤʤʘ! ɽʩʣʠ ʚʳ ʫʯʠʪʝʣʴ ʠʣʠ ʩʪʫʜʝʥʪ, ʚʳʛʦʜʘ ʦʯʝʚʠʜʥʘ; 

¶ R ï ʵʪʦ ʤʦʱʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʦʚʘʥʳ ʚʩʝ ʩʧʦʩʦʙʳ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ; 



¶ R ʠʤʝʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. ɽʩʣʠ ʚʘʤ ʥʫʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ 

ʜʘʥʥʳʝ, ʪʦ ʫʯʪʠʪʝ, ʯʪʦ ʚ R ʨʝʘʣʠʟʦʚʘʥʳ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠ ʤʦʱʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʠʟ ʜʦʩʪʫʧʥʳʭ; 

¶ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʜʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. R ʤʦʞʝʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʩʘʤʳʭ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʷ 

ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʜʨʫʛʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ. R ʤʦʞʝʪ ʪʘʢʞʝ ʟʘʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʘʭ ʚʩʝʭ 

ʵʪʠʭ ʩʠʩʪʝʤ; 

¶ R ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʠʤʝʶʱʫʶ ʘʥʘʣʦʛʦʚ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʧʨʦʩʪʦʛʦ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʥʦʚʝr ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜ;r 

¶ ʚ R ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʦʞʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ, ʝʱʝ ʥʝʜʦʩʪʫʧʥʳʝ ʚ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤʘʭ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʝʞʝʥʝʜʝʣʴʥʦ. ɽʩʣʠ ʚʳ 

ʨʘʙʦʪʘʝʪʝ ʚ SAS, ʧʨʝʜʩʪʘʚʴʪʝ, ʥʘʩʢʦʣʴʢʦ ʥʝʚʝʨʦʷʪʥʦ ʙʳʣʦ ʙʳ ʧʦʣʫʯʘʪʴ ʥʦʚʫʶ ʚʝʨʩʠʶ 

ʧʨʦʛʨʘʤʤʳ ʢʘʞʜʳʝ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ; 

¶ ʝʩʣʠ ʚʳ ʥʝ ʭʦʪʠʪʝ ʫʯʠʪʴ ʥʦʚʳʡ ʷʟʳʢ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 
ʠʥʪʝʨʬʝʡʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʦʱʴ R ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʬʦʨʤʝ ʤʝʥʶ ʠ ʜʠʘʣʦʛʦʚ; 

¶ R ʨʘʙʦʪʘʝʪ ʥʘ ʨʘʟʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʷ Windows, Unix ʠ Mac OS X. ʆʥ ʩʢʦʨʝʝ 

ʚʩʝʛʦ ʟʘʧʫʩʪʠʪʩʷ ʥʘ ʣʶʙʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʢʦʪʦʨʳʡ ʫ ʚʘʩ ʝʩʪʴ (ʷ ʜʘʞʝ ʚʠʜʝʣ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ 

ʫʩʪʘʥʦʚʢʝ R ʥʘ iPhone, ʯʪʦ ʚʧʝʯʘʪʣʷʝʪ, ʥʦ ʚʨʷʜ ʣʠ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʝʡ ʠʜʝʝʡ). 

ɼʝʤʦʥʩʪʨʘʮʠ ʁʛʨʘʬʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ R ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʨʠʩ. 1.2. ʕʪʘ ʜʠʘʛʨʘʤʤʘ, 

ʩʦʟʜʘʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʡ ʩʪʨʦʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʦʧʠʩʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʜʦʭʦʜʦʤ, 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʧʨʝʩʪʠʞʝʤ ʜʣʷ ʨʘʙʦʯʠʭ, ʢʦʥʪʦʨʩʢʠʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʬʝʩʩʠʡ. ʕʪʦ ʤʘʪʨʠʮʘ, 

ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʜʠʘʛʨʘʤʤ ʨʘʩʩʝʷʥʠʷ, ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʨʘʟʥʳʭ ʛʨʫʧʧ ʧʨʠ ʧʦʤʦʱʠ ʮʚʝʪʦʚ ʠ ʩʠʤʚʦʣʦʚ, 

ʜʚʫʤʷ ʪʠʧʘʤʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʣʠʥʠʡ ï ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʣʦʢʘʣʴʥʦ-

ʚʟʚʝʰʝʥʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ (Locally Weighted Scatterplot Smoothing ï LOESS), ʦʙʦʟʥʘʯʘʶʱʠʤʠ ʛʨʘʥʠʮʳ 

ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʵʣʣʠʧʩʘʤʠ ʠ ʜʚʫʤʷ ʪʠʧʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ 

ʥʘ ʜʠʘʛʨʘʤʤʝ (ʦʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʷʜʨʘ ï kernel density estimation ʠ ʛʨʘʬʠʢ-ʱʝʪʢʘ
3
 - rug plot). ʂʨʦʤʝ 

ʪʦʛʦ, ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʚʳʙʨʦʩ ʥʘ ʢʘʞʜʦʡ ʜʠʘʛʨʘʤʤʝ ʨʘʩʩʝʷʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʧʠʩʘʥ. ʅʝ 

ʙʝʩʧʦʢʦʡʪʝʩʴ, ʝʩʣʠ ʵʪʠ ʪʝʨʤʠʥʳ ʥʝʟʥʘʢʦʤʳ ʚʘʤ. ʄʳ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʠʭ ʚ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ. 

ʉʝʡʯʘʩ ʧʨʦʩʪʦ ʧʦʚʝʨʴʪʝ ʤʥʝ, ʯʪʦ ʵʪʦ ï ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʛʨʘʬʠʢ (ʠ ʯʪʦ ʩʪʘʪʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʯʠʪʘʶʪ ʵʪʦ, 

ʧʨʦʩʪʦ ʚ ʚʦʩʪʦʨʛʝ). 

 

-  

 

                                                 
3
 ʀʟʦʙʨʝʪʝʥʠʝ ɸ.ɹ. ʐʠʧʫʥʦʚʘ, ʜʦ ʵʪʦʛʦ ʨʫʩʩʢʦʷʟʳʯʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʦʪʩʫʪʩʪʚʦʚʘʣ ï ʇʨʠʤ. ʧʝʨ. 



ʈʠʩ. 1.2. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʜʦʭʦʜʘ (income), ʦʙʨʘʟʦʚʘʥʠʷ (education) ʠ ʧʨʝʩʪʠʞʘ (prestige) 

ʜʣʷ ʨʘʙʦʯʠʭ (blue-collar: bc), ʢʦʥʪʦʨʩʢʠʭ (white-collar: wc) ʠ ʩʧʝʮʠʘʣʴʥʳʭ (prof) ʧʨʦʬʝʩʩʠʡ. 

ʀʩʪʦʯʥʠʢ: ʚʥʝʰʥʷʷ ʙʠʙʣʠʦʪʝʢʘ ʢʦʤʘʥʜ car  (ʢʦʤʘʥʜʘ scatterplotMatrix ), ʩʦʟʜʘʥʥʘʷ ɼʞʦʥʦʤ 

ʌʦʢʩʦʤ (John Fox).  ɼʠʘʛʨʘʤʤʳ, ʧʦʜʦʙʥʳʝ ʵʪʦʡ, ʩʣʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʚ ʜʨʫʛʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʨʦʛʨʘʤʤʘʭ. ɺ R ʠʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʡ-ʜʚʫʭ ʩʪʨʦʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. 

 
ɺʦʪ ʛʣʘʚʥʳʝ ʚʝʱʠ, ʢʦʪʦʨʳʝ ʚʠʜʥʳ ʥʘ ʵʪʦʤ ʛʨʘʬʠʢʝ: 

¶ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʜʦʭʦʜʘ ʠ ʧʨʝʩʪʠʞʘ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ; 

¶ ʚ ʩʨʝʜʥʝʤ ʨʘʙʦʯʠʝ ʧʨʦʬʝʩʩʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 
ʧʨʝʩʪʠʞʘ, ʘ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʬʝʩʩʠʠ ï ʙʦʣʝʝ ʚʳʩʦʢʠʤ. ʂʦʥʪʦʨʩʢʠʝ ʧʨʦʬʝʩʩʠʠ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ; 

¶ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʨʝʩʥʳʭ ʠʩʢʣʶʯʝʥʠʡ. ʀʥʞʝʥʝʨʳ ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ 

(RR.engineer) ʟʘʨʘʙʘʪʳʚʘʶʪ ʤʥʦʛʦ, ʥʦ ʠʤʝʶʪ ʥʠʟʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. ɹʳʪʴ ʤʠʥʠʩʪʨʦʤ (minister) 

ʧʨʝʩʪʠʞʥʦ, ʥʦ ʥʝ ʧʨʠʙʳʣʴʥʦ; 

¶ ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ (ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ) ʧʨʝʩʪʠʞʘ ʧʨʦʬʝʩʩʠʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʙʠʤʦʜʘʣʴʥʦ, 
ʪʦ ʝʩʪʴ ʥʠʟʢʠʝ ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ, ʯʝʤ ʩʨʝʜʥʠʝ. 

ɺʳ ʫʟʥʘʝʪʝ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʦʙ ʵʪʦʡ ʜʠʘʛʨʘʤʤʝ ʚ ʛʣʘʚʝ 8. ʉʝʡʯʘʩ ʚʘʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʚ R ʤʦʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʠʟʷʱʥʳʝ, ʠʥʬʦʨʤʘʪʠʚʥʳʝ, ʣʝʛʢʦ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʦʩʪʳʤʠ ʠ ʣʦʛʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. ʉʦʟʜʘʥʠʝ ʩʭʦʜʥʳʭ ʜʠʘʛʨʘʤʤ ʧʨʠ ʧʦʤʦʱʠ ʜʨʫʛʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʙʳʣʦ ʙʳ 

ʩʣʦʞʥʳʤ, ʜʦʣʛʠʤ ʠʣʠ ʥʝʚʦʟʤʦʞʥʳʤ. 



ʂ ʩʦʞʘʣʝʥʠʶ, ʜʣʷ R ʩʚʦʡʩʪʚʝʥʥʘ ʧʦʣʦʛʘ ̫ʢʨʠʚʘ ̫ʦʙʫʯʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʦʥ ʤʦʞʝʪ ʜʝʣʘʪʴ ʪʘʢ 

ʤʥʦʛʦ ʚʩʝʛʦ, ʦʙʲʝʤ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʬʘʡʣʦʚ ʧʦʤʦʱʠ ʦʯʝʥʴ ʚʝʣʠʢ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʥʦʛʠʝ 

ʠʟ ʵʪʠʭ ʫʤʝʥʠʡ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʷʭ, ʩʦʟʜʘʥʥʳʭ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, 

ʵʪʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʙʳʚʘʝʪ ʨʘʟʦʙʱʝʥʥʦʡ ʠ ʪʨʫʜʥʦʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʘʫʯʠʪʴʩʷ 

ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʚʠʜʳ ʘʥʘʣʠʟʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ R, ʦʯʝʥʴ ʥʝʧʨʦʩʪʦ. 

ɿʘʜʘʯʘ ʵʪʦʡ ʢʥʠʛʠ ï ʩʜʝʣʘʪʴ ʦʚʣʘʜʝʥʠʝ R ʙʳʩʪʨʳʤ ʠ ʧʨʦʩʪʳʤ. ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ R, ʯʪʦʙʳ ʚʳ ʩʤʦʛʣʠ ʥʘʯʘʪʴ ʦʙʨʘʙʦʪʢʫ ʩʦʙʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʩ ʫʢʘʟʘʥʠʷʤʠ ʥʘ ʪʦ, 

ʛʜʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɼʘʚʘʡʪʝ ʥʘʯʥʝʤ ʩ ʫʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʤʳ. 

 

1. 2. ʇʦʣʫʯʝʥʠʝ ʠ ʫʩʪʘʥʦʚʢʘ R 

 

R ʤʦʞʥʦ ʙʝʩʧʣʘʪʥʦ ʩʢʘʯʘʪʴ ʠʟ çʚʩʝʦʙʲʝʤʣʶʱʝʛʦ ʩʝʪʝʚʦʛʦ ʘʨʭʠʚʘ Rè (Comprehensive R Archive 

Network ï CRAN) ʧʦ ʘʜʨʝʩʫ http://cran.r-project.org. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʝ ʟʘʛʨʫʟʦʯʥʳʝ 

ʬʘʡʣʳ ʜʦʩʪʫʧʥʳ ʜʣʷ Linux, Mac OS X ʠ Windows. ʉʣʝʜʫʡʪʝ ʠʥʩʪʨʫʢʮʠʷʤ ʧʦ ʫʩʪʘʥʦʚʢʝ ʧʨʦʛʨʘʤʤʳ ʚ 

ʚʘʰʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʇʦʟʞʝ ʤʳ ʦʙʩʫʜʠʤ, ʢʘʢ ʧʦʚʳʰʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʧʨʠ 

ʧʦʤʦʱʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʥʘʟʳʚʘʝʤʳʭ ʧʘʢʝʪʘʤʠ ï ʦʥʠ ʪʘʢʞʝ ʜʦʩʪʫʧʥʳ ʚ CRAN. ɺ 

ʧʨʠʣʦʞʝʥʠʠ H ʨʘʩʩʢʘʟʘʥʦ, ʢʘʢ ʦʙʥʦʚʣʷʪʴ ʧʨʦʛʨʘʤʤʫ. 

 

1.3. ʈʘʙʦʪʘ ʚ R 

 

R ï ʵʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʨʝʛʠʩʪʨʫ ʢʣʘʚʠʘʪʫʨʳ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺʳ 

ʤʦʞʝʪʝ ʠʣʠ ʚʚʦʜʠʪʴ ʢʦʤʘʥʜʳ ʧʦ ʦʜʥʦʡ ʚ ʦʪʚʝʪ ʥʘ ʧʨʠʛʣʘʰʝʥʠʝ ʥʘ ʚʚʦʜ ʢʦʤʘʥʜʳ (>), ʠʣʠ ʟʘʧʫʩʢʘʪʴ 

ʥʘʙʦʨ ʢʦʤʘʥʜ ʠʟ ʠʩʭʦʜʥʦʛʦ ʬʘʡʣʘ. ʊʠʧʳ ʜʘʥʥʳʭ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ: ʚʝʢʪʦʨʳ, ʤʘʪʨʠʮʳ, ʪʘʙʣʠʮʳ 

ʜʘʥʥʳʭ ʠ ʩʧʠʩʢʠ (ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʢʪʦʚ). ʄʳ ʦʙʩʫʜʠʤ ʚʩʝ ʵʪʠ ʪʠʧʳ ʜʘʥʥʳʭ ʚ ʛʣʘʚʝ 2. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ çʫʤʝʥʠʡè ʧʨʦʛʨʘʤʤʳ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʩʪʨʦʝʥʥʳʭ ʠ ʩʦʟʜʘʚʘʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʫʥʢʮʠʡ, ʠ ʚʩʝ ʦʙʲʝʢʪʳ (ʥʘʙʦʨʳ ʜʘʥʥʳʭ) ʭʨʘʥʷʪʩʷ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤʳ ʜʦ 

ʟʘʚʝʨʰʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʝʩʩʠʠ. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʜʦʩʪʫʧʥʳ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʆʩʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ 

ʩʦʜʝʨʞʘʪʩʷ ʚ ʧʘʢʝʪʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ ʧʦ ʤʝʨʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʂʦʤʘʥʜʥʳʝ ʩʪʨʦʢʠ ʩʦʩʪʦʷʪ ʠʟ ʬʫʥʢʮʠʡ ʠ ʧʨʠʩʚʦʝʥʠʡ. R ʠʩʧʦʣʴʟʫʝʪ ʩʠʤʚʦʣ <-  ʜʣʷ 

ʧʨʠʩʚʦʝʥʠʡ, ʚʤʝʩʪʦ ʦʙʳʯʥʦʛʦ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʢʦʤʘʥʜʥʘʷ ʩʪʨʦʢʘ 
x < -  rnorm(5)  

ʩʦʟʜʘʝʪ ʦʙʲʝʢʪ ʪʠʧʘ ʚʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ x  ʠ ʩʦʜʝʨʞʠʪ ʧʷʪʴ ʩʣʫʯʘʡʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

 

ʇʨʠʤʝʯʘʥʠʝ. ɺ R ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʢ ʨʘʚʝʥʩʪʚʘ ʜʣʷ ʧʨʠʩʚʦʝʥʠʡ. ʆʜʥʘʢʦ ʥʝʤʥʦʛʠʝ ʬʫʥʢʮʠʠ 

ʥʘʧʠʩʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʩʠʥʪʘʢʩʠʩ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʡ ʦʥ ʥʝ 

ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ, ʠ ʧʨʦʛʨʘʤʤʠʩʪʳ ʧʦʜʥʠʤʫʪ ʚʘʩ ʥʘ ʩʤʝʭ. ʄʦʞʥʦ ʧʠʩʘʪʴ ʧʨʠʩʚʦʝʥʠʷ ʚ ʦʙʨʘʪʥʦʤ 

ʧʦʨʷʜʢʝ. ʅʘʧʨʠʤʝʨ, rnorm (5) -> x ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʨʝʜʳʜʫʱʝʡ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ. ʆʧʷʪʴ ʞʝ, ʪʘʢ 

ʧʠʩʘʪʴ ʥʝ ʧʨʠʥʷʪʦ, ʠ ʷ ʥʝ ʨʝʢʦʤʝʥʜʫʶ ʵʪʦ ʜʝʣʘʪʴ. 

 

ʂʦʤʤʝʥʪʘʨʠʠ ʧʨʝʜʚʘʨʷʶʪʩʷ ʩʠʤʚʦʣʦʤ #. ʃʶʙʦʡ ʪʝʢʩʪ, ʢʦʪʦʨʳʡ ʠʜʝʪ ʧʦʩʣʝ #, ʠʛʥʦʨʠʨʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʦʡ. 

 

1.3.1. ʅʘʯʘʣʦ ʨʘʙʦʪʳ 

 

ɽʩʣʠ ʚʳ ʠʩʧʦʣʴʟʫʝʪʝ Windows, ʟʘʧʫʩʪʠʪʝ R ʠʟ ʩʪʘʨʪʦʚʦʛʦ ʤʝʥʶ. ɺ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Mac 

ʜʚʘʞʜʳ ʱʝʣʢʥʠʪʝ ʥʘ ʟʥʘʯʦʢ R ʚ ʜʠʨʝʢʪʦʨʠʠ ʧʨʠʣʦʞʝʥʠʡ. ɺ Linux ʥʘʙʝʨʠʪʝ çRè ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ 

ʪʝʨʤʠʥʘʣʘ. ʃʶʙʦʝ ʠʟ ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʟʘʧʫʩʪʠʪ R (ʩʤ. ʨʠʩ. 1.3 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ). 



ʈʠʩ. 1.3. ʇʨʠʤʝʨ ʠʥʪʝʨʬʝʡʩʘ R ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Windows 

 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʩʚʦʠʪʴʩʷ ʩ ʠʥʪʝʨʬʝʡʩʦʤ, ʜʘʚʘʡʪʝ ʧʦʪʨʝʥʠʨʫʝʤʩʷ ʥʘ ʧʨʦʩʪʦʤ ʚʳʜʫʤʘʥʥʦʤ 

ʧʨʠʤʝʨʝ. ʇʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ ʚʳ ʠʟʫʯʘʝʪʝ ʬʠʟʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʠ ʩʦʙʨʘʣʠ ʜʘʥʥʳʝ ʦ ʚʦʟʨʘʩʪʝ ʠ ʚʝʩʝ 10 

ʤʣʘʜʝʥʮʝʚ ʧʝʨʚʦʛʦ ʛʦʜʘ ʞʠʟʥʠ (ʩʤ. ʪʘʙʣ. 1.1). ɺʳ ʠʥʪʝʨʝʩʫʝʪʝʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʚʝʩʘ ʠ ʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʚʦʟʨʘʩʪʘ. 

 

ʊʘʙʣʠʮʘ 1.1. ɺʦʟʨʘʩʪ ʠ ʚʝʩ 10 ʤʣʘʜʝʥʮʝʚ 

 

ɺʦʟʨʘʩʪ (ʤʝʩʷʮʳ) ɺʝʩ (ʢʛ) ɺʦʟʨʘʩʪ (ʤʝʩʷʮʳ) ɺʝʩ (ʢʛ) 

01 4.4 09 7.3 

03 5.3 03 6.0 

05 7.2 09 10.4 

02 5.2 12 10.2 

11 8.5 03 6.1 

 

ʇʨʠʤʝʯʘʥʠʝ. ʕʪʦ ʚʳʜʫʤʘʥʥʳʝ ʜʘʥʥʳʝ. 

 

ʉʥʘʯʘʣʘ ʚʳ ʚʚʦʜʠʪʝ ʜʘʥʥʳʝ ʦ ʚʦʟʨʘʩʪʝ ʠ ʚʝʩʝ ʚ ʚʠʜʝ ʚʝʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ ʩ() , ʢʦʪʦʨʘʷ 

ʧʨʝʦʙʨʘʟʫʝʪ ʩʚʦʠ ʘʨʛʫʤʝʥʪʳ ʚ ʚʝʢʪʦʨ ʠʣʠ ʩʧʠʩʦʢ. ɿʘʪʝʤ ʚʳ ʚʳʯʠʩʣʷʝʪʝ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʟʥʘʯʝʥʠʡ ʚʝʩʘ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʚʦʟʨʘʩʪʦʤ ʠ 

ʚʝʩʦʤ ʠ ʛʨʘʬʠʯʝʩʢʠ ʠʟʦʙʨʘʞʘʝʪʝ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ, ʪʘʢ, ʯʪʦ ʚʳ ʤʦʞʝʪʝ 

ʠʟʫʯʠʪʴ ʪʨʝʥʜ ʚʠʟʫʘʣʴʥʦ. ʌʫʥʢʮʠʷ q() , ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʥʠʞʝ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ, 

ʟʘʚʝʨʰʘʝʪ ʩʝʩʩʠʶ ʠ ʧʦʟʚʦʣʷʝʪ ʚʘʤ ʚʳʡʪʠ ʠʟ ʧʨʦʛʨʘʤʤʳ. 

 



ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 1.1. ʇʨʠʤʝʨ ʩʝʩʩʠʠ ʚ R 

 
> age < -  c(1,3,5,2,11,9,3,9,12,3)  

> weight < -  c(4.4,5.3,7.2,5.2,8.5,7.3,6.0 ,10.4,10.2,6.1)  

> mean(weight)  

[1] 7.06  

> sd(weight)  

[1] 2.077498  

> cor(age,weight)  

[1] 0.9075655  

> plot(age,weight)  

> q()  

 

ʀʟ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ 1.1 ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʚʝʩ ʵʪʠʭ 10 ʤʣʘʜʝʥʮʝʚ ʩʦʩʪʘʚʣʷʝʪ 7.06 ʢʛ, ʘ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʚʥʦ 2.08 ʢʛ, ʠ ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʩʠʣʴʥʘʷ ʣʠʥʝʡʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʚʦʟʨʘʩʪʦʤ ʠ ʚʝʩʦʤ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʝʥ 0.91). ʕʪʘ ʚʟʘʠʤʦʩʚʷʟʴ ʪʘʢʞʝ ʚʠʜʥʘ ʥʘ ʜʠʘʛʨʘʤʤʝ 

ʨʘʩʩʝʷʥʠʷ ʥʘ ʨʠʩ. 1.4. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʚʟʨʦʩʣʝʥʠʷ ʤʣʘʜʝʥʮʳ ʚ ʩʨʝʜʥʝʤ ʩʪʘʥʦʚʷʪʩʷ 

ʪʷʞʝʣʝʝ. 

 

ʈʠʩ. 1.4. ɼʠʘʛʨʘʤʤʘ ʨʘʩʩʝʷʥʠʷ ʚʝʩʘ ʤʣʘʜʝʥʮʝʚ (weight, ʚ ʢʠʣʦʛʨʘʤʤʘʭ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʚʦʟʨʘʩʪʘ (age, ʚ ʤʝʩʷʮʘʭ)  

 

 ɼʠʘʛʨʘʤʤʘ ʨʘʩʩʝʷʥʠʷ ʥʘ ʨʠʩ. 1.4 ʠʥʬʦʨʤʘʪʠʚʥʘ, ʥʦ ʚʳʛʣʷʜʠʪ ʥʝ ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ. ʀʟ 

ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚ ʚʳ ʫʟʥʘʝʪʝ, ʢʘʢ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʛʨʘʬʠʢʠ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʚʘʰʠʤ 

ʧʦʪʨʝʙʥʦʩʪʷʤ. 

 

ʉʦʚʝʪ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʨʘʬʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ R, ʥʘʙʝʨʠʪʝ ʚ ʢʦʤʘʥʜʥʦʡ 

ʩʪʨʦʢʝ demo( graphics ). ʅʝʢʦʪʦʨʳʝ ʠʟ ʛʨʘʬʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʧʦʷʚʷʪʩʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 1.5. ɼʨʫʛʠʝ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʥʘʙʦʨʳ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʥʘʧʝʯʘʪʘʚ 

demo( Hershey ) , demo( persp )  ʠ demo( image ). ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʧʦʣʥʳʡ ʥʘʙʦʨ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʛʨʘʬʠʢʦʚ, ʚʚʝʜʠʪʝ demo()  ʙʝʟ ʧʘʨʘʤʝʪʨʦʚ. 



 

ʈʠʩ. 1.5. ʅʝʢʦʪʦʨʳʝ ʛʨʘʬʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʚʚʦʜʝ ʬʫʥʢʮʠʠ demo()  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3.2. ʂʘʢ ʧʦʣʫʯʠʪʴ ʧʦʤʦʱʴ 

 

R ʦʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤʠ ʩʧʨʘʚʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʅʘʫʯʠʪʝʩʴ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʥʠʭ, ʠ ʵʪʦ 

ʧʦʤʦʞʝʪ ʚʘʤ ʧʨʠ ʨʘʙʦʪʝ ʚ ʧʨʦʛʨʘʤʤʝ. ɺʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʤʦʱʠ ʩʦʜʝʨʞʠʪ ʧʦʜʨʦʙʥʳʝ 

ʨʘʟʲʷʩʥʝʥʠʷ, ʩʩʳʣʢʠ ʥʘ ʣʠʪʝʨʘʪʫʨʫ ʠ ʧʨʠʤʝʨʳ ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʘʢʝʪʦʚ.
4
 

ʉʧʨʘʚʢʫ ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʡ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʪʘʙʣ. 1.2. 

  

                                                 
4
 ʅʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ï ʇʨʠʤ. ʧʝʨ. 



ʊʘʙʣʠʮʘ 1.2. ʌʫʥʢʮʠʠ ʚʳʟʦʚʘ ʩʧʨʘʚʢʠ ʚ R 

 

ʌʫʥʢʮʠʷ ɼʝʡʩʪʚʠʝ 

help.start()  ʆʙʱʘʷ ʩʧʨʘʚʢʘ 

help (ñfooò) ʠʣʠ ?foo  ʉʧʨʘʚʢʘ ʧʦ ʬʫʥʢʮʠʠ foo  (ʢʘʚʳʯʢʠ 

ʥʝʦʙʷʟʘʪʝʣʴʥʳ) 

help. search(ñfooò) ʠʣʠ ??foo  ʇʦʠʩʢ ʚ ʩʧʨʘʚʢʝ ʟʘʧʠʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ foo  

example(ñfooò) ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ foo  

(ʢʘʚʳʯʢʠ ʥʝʦʙʷʟʘʪʝʣʴʥʳ) 

RSiteSearch(ñfooò) ʇʦʠʩʢ ʟʘʧʠʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ foo  ʚ ʦʥʣʘʡʥ-

ʨʫʢʦʚʦʜʩʪʚʘʭ ʠ ʟʘʘʨʭʠʚʠʨʦʚʘʥʥʳʭ 

ʨʘʩʩʳʣʢʘʭ  

apropos (ñfooò, mode=ñfunctionò) ʉʧʠʩʦʢ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʬʫʥʢʮʠʡ, ʚ 

ʥʘʟʚʘʥʠʠ ʢʦʪʦʨʳʭ ʝʩʪʴ foo  

data()  ʉʧʠʩʦʢ ʚʩʝʭ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʟʘʛʨʫʞʝʥʥʳʭ ʧʘʢʝʪʘʭ  

vignette()  ʉʧʠʩʦʢ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʨʫʢʦʚʦʜʩʪʚ ʧʦ 

ʟʘʛʨʫʞʝʥʥʳʤ ʧʘʢʝʪʘʤ 

vignette(ñfooò) ʉʧʠʩʦʢ ʨʫʢʦʚʦʜʩʪʚ ʧʦ ʪʝʤʝ foo  

  

ʌʫʥʢʮʠʷ help . start ()  ʦʪʢʨʳʚʘʝʪ ʦʢʥʦ ʙʨʘʫʟʝʨʘ ʩ ʧʝʨʝʯʥʝʤ ʜʦʩʪʫʧʥʳʭ ʨʫʢʦʚʦʜʩʪʚ ʨʘʟʥʦʛʦ 

ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ, ʯʘʩʪʦ ʟʘʜʘʚʘʝʤʳʭ ʚʦʧʨʦʩʦʚ ʠ ʩʩʳʣʦʢ ʥʘ ʠʩʪʦʯʥʠʢʠ. ʌʫʥʢʮʠʷ RSiteSearch ()  

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ ʥʘ ʟʘʜʘʥʥʫʶ ʪʝʤʫ ʚ ʦʥʣʘʡʥ-ʨʫʢʦʚʦʜʩʪʚʘʭ ʠ ʘʨʭʠʚʘʭ ʨʘʩʩʳʣʦʢ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʢʥʝ ʙʨʘʫʟʝʨʘ. ʌʫʥʢʮʠʷ vignette ()  ʚʳʟʳʚʘʝʪ ʩʧʠʩʦʢ ʚʩʝʭ ʚʚʦʜʥʳʭ ʩʪʘʪʝʡ ʚ ʬʦʨʤʘʪʝ 

PDF. ʊʘʢʠʝ ʩʪʘʪʴʠ ʥʘʧʠʩʘʥʳ ʥʝ ʜʣʷ ʚʩʝʭ ʧʘʢʝʪʦʚ. ʂʘʢ ʚʳ ʤʦʛʣʠ ʫʙʝʜʠʪʴʩʷ, R ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʦʙʰʠʨʥʳʝ ʩʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠ ʫʤʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʥʠʭ ʧʦʡʜʝʪ ʚʘʤ ʥʘ ʧʦʣʴʟʫ. ʄʦʞʥʦ 

ʧʝʨʝʩʯʠʪʘʪʴ ʧʦ ʧʘʣʴʮʘʤ ʩʝʩʩʠʠ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʷ ʥʝ ʠʩʧʦʣʴʟʫʶ ʩʧʨʘʚʢʫ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʦʧʮʠʠ ʠʣʠ ʚʦʟʚʨʘʱʘʝʤʳʝ ʟʥʘʯʝʥʠʷ) ʦ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʬʫʥʢʮʠʠ. 

 

1.3.3. ʈʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

 

ʈʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʵʪʦ ʪʝʢʫʱʘʷ ʨʘʙʦʯʘʷ ʩʨʝʜʘ R, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʣʶʙʳʝ ʩʦʟʜʘʥʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʙʲʝʢʪʳ (ʚʝʢʪʦʨʳ, ʤʘʪʨʠʮʳ, ʬʫʥʢʮʠʠ, ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ ʠʣʠ ʩʧʠʩʢʠ). ɺ ʢʦʥʮʝ ʢʘʞʜʦʡ 

ʩʝʩʩʠʠ ʚʳ ʤʦʞʝʪʝ ʩʦʭʨʘʥʠʪʴ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠ ʦʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʛʨʫʟʠʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʝʤ 

ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ. ʂʦʤʘʥʜʳ ʠʥʪʝʨʘʢʪʠʚʥʦ ʚʚʦʜʷʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʧʨʠʛʣʘʰʝʥʠʝ ʢ ʠʭ ʚʚʦʜʫ. ʄʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʝʣʢʠ ʚʚʝʨʭ ʠ ʚʥʠʟ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʤʝʱʘʪʴʩʷ ʤʝʞʜʫ ʚʚʝʜʝʥʥʳʤʠ ʨʘʥʝʝ 

ʢʦʤʘʥʜʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʟʚʘʪʴ ʧʨʝʜʳʜʫʱʫʶ ʢʦʤʘʥʜʫ, ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʝʝ ʠ ʚʥʦʚʴ ʚʳʧʦʣʥʠʪʴ ʝʝ, 

ʥʘʞʘʚ ʢʣʘʚʠʰʫ Enter.  

ʊʝʢʫʱʘʷ ʨʘʙʦʯʘʷ ʜʠʨʝʢʪʦʨʠʷ ï ʵʪʦ ʪʘ ʜʠʨʝʢʪʦʨʠʷ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʬʘʡʣʳ ʜʘʥʥʳʭ ʠ ʢʫʜʘ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʩʦʭʨʘʥʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ. ʌʫʥʢʮʠʷ getwd ()  ʧʦʟʚʦʣʷʝʪ ʫʟʥʘʪʴ, ʢʘʢʘʷ ʜʠʨʝʢʪʦʨʠʷ ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʝʡ. ɺʳ ʤʦʞʝʪʝ ʥʘʟʥʘʯʠʪʴ ʨʘʙʦʯʫʶ ʜʠʨʝʢʪʦʨʠʶ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ 

setwd () . ɽʩʣʠ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʬʘʡʣ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚ ʨʘʙʦʯʝʡ 

ʜʠʨʝʢʪʦʨʠʠ, ʥʫʞʥʦ ʥʘʧʠʩʘʪʴ ʧʦʣʥʳʡ ʧʫʪʴ ʢ ʥʝʤʫ. ɺʩʝʛʜʘ ʟʘʢʣʶʯʘʡʪʝ ʚ ʢʘʚʳʯʢʠ ʥʘʟʚʘʥʠʷ ʬʘʡʣʦʚ ʠ 

ʜʠʨʝʢʪʦʨʠʡ. 

ʅʝʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʤʳʝ ʢʦʤʘʥʜʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.3. 



ʊʘʙʣʠʮʘ 1.3. ʌʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʚ R 

 

ʌʫʥʢʮʠʷ ɼʝʡʩʪʚʠʝ 

getwd()  ɺʳʚʝʩʪʠ ʥʘ ʵʢʨʘʥ ʥʘʟʚʘʥʠʝ ʪʝʢʫʱʝʡ 

ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ 

setwd(ñmydirectoryò) ʅʘʟʥʘʯʠʪʴ mydirectory  ʪʝʢʫʱʝʡ ʨʘʙʦʯʝʡ 

ʜʠʨʝʢʪʦʨʠʝʡ 

ls()  ɺʳʚʝʩʪʠ ʥʘ ʵʢʨʘʥ ʩʧʠʩʦʢ ʦʙʲʝʢʪʦʚ ʚ 

ʪʝʢʫʱʝʤ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ  

rm(objectlist)  ʋʜʘʣʠʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʙʲʝʢʪʦʚ 

help(options)  ʉʧʨʘʚʢʘ ʦ ʚʦʟʤʦʞʥʳʭ ʦʧʮʠʷʭ 

options()  ʇʦʩʤʦʪʨʝʪʴ ʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʪʝʢʫʱʠʝ ʦʧʮʠʠ 

history(#)  ɺʳʚʝʩʪʠ ʥʘ ʵʢʨʘʥ ʧʦʩʣʝʜʥʠʝ # ʢʦʤʘʥʜ (ʧʦ 

ʫʤʦʣʯʘʥʠʶ 25) 

savehistory(ñmyfileò) ʉʦʭʨʘʥʠʪʴ ʠʩʪʦʨʠʶ ʢʦʤʘʥʜ ʚ ʬʘʡʣ myfile  

(ʧʦ ʫʤʦʣʯʘʥʠʶ . Rhistory ) 

loadhistory(ñmyfileò) ɿʘʛʨʫʟʠʪʴ ʠʩʪʦʨʠʶ ʢʦʤʘʥʜ (ʧʦ ʫʤʦʣʯʘʥʠʶ 

. Rhistory ) 

save.ima ge(ñmyfileò) ʉʦʭʨʘʥʠʪʴ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʬʘʡʣ 

myfile  (ʧʦ ʫʤʦʣʯʘʥʠʶ . Rdata ) 

save(objectlist, file=ñmyfileò) ʉʦʭʨʘʥʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʚ ʬʘʡʣ 

load(ñmyfileò) ɿʘʛʨʫʟʠʪʴ ʩʦʭʨʘʥʝʥʥʦʝ ʨʘʙʦʯʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʪʝʢʫʱʫʶ ʩʝʩʩʠʶ (ʧʦ 

ʫʤʦʣʯʘʥʠʶ . Rdata ) 

q()  ɺ ʡrʪʠ ʠʟ ʧʨʦʛʨʘʤʤʳ. ʇʦʷʚʠʪʩʷ ʚʦʧʨʦʩ, 

ʥʫʞʥʦ ʣʠ ʩʦʭʨʘʥʠʪʴ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

ʏʪʦʙʳ ʫʚʠʜʝʪʴ ʵʪʠ ʢʦʤʘʥʜʳ ʚ ʜʝʡʩʪʚʠʠ, ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 1.2. ʇʨʠʤʝʨ ʜʝʡʩʪʚʠʷ ʢʦʤʘʥʜ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ R 

 
set wd("C:/myprojects/project1")           

options()                                 

options(digits=3)                         

x < -  runif(20)                            

summary(x)                                

hist(x)                                   

savehis tory()                             

save.image()                              

q()   

 

ʉʥʘʯʘʣʘ ʥʘʟʥʘʯʝʥʘ ʪʝʢʫʱʘʷ ʨʘʙʦʯʘʷ ʜʠʨʝʢʪʦʨʠʷ, ʚʳʚʝʜʝʥʳ ʥʘ ʵʢʨʘʥ ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʢʘʟʘʥʦ, ʯʪʦ ʯʠʩʣʘ ʜʦʣʞʥʳ ʚʳʚʦʜʠʪʴʩʷ ʩ ʪʨʝʤʷ ʟʥʘʢʘʤʠ ʧʦʩʣʝ ʜʝʩʷʪʠʯʥʦʛʦ 

ʨʘʟʜʝʣʠʪʝʣʷ. ɿʘʪʝʤ ʩʦʟʜʘʥ ʚʝʢʪʦʨ ʠʟ 20 ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʠ ʜʣʷ ʥʝʛʦ ʚʳʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʢʠ 

ʠ ʧʦʩʪʨʦʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ. ʅʘʢʦʥʝʮ, ʠʩʪʦʨʠʷ ʢʦʤʘʥʜ ʩʦʭʨʘʥʝʥʘ ʚ ʬʘʡʣ . Rhistory , ʨʘʙʦʯʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ (ʚʢʣʶʯʘʷ ʦʙʲʝʢʪ x) ʩʦʭʨʘʥʝʥʦ ʚ ʬʘʡʣ . Rdata  ʠ ʩʝʩʩʠʷ ʟʘʚʝʨʰʝʥʘ. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʪʦ ʧʨʠ ʫʢʘʟʘʥʠʠ ʧʫʪʠ ʢ ʜʠʨʝʢʪʦʨʠʠ ʚ ʢʦʤʘʥʜʝ setwd ()  

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʷʤʳʝ ʩʣʝʰʠ (/ ). R ʚʦʩʧʨʠʥʠʤʘʝʪ ʦʙʨʘʪʥʳʡ ʩʣʝʰ (\ ) ʢʘʢ ʩʠʤʚʦʣ ʚʳʭʦʜʘ ʠʟ 

ʧʨʦʛʨʘʤʤʳ. ɼʘʞʝ ʝʩʣʠ ʚʳ ʠʩʧʦʣʴʟʫʝʪʝ R ʥʘ ʙʘʟʝ Windows, ʠʩʧʦʣʴʟʫʡʪʝ ʧʨʷʤʳʝ ʩʣʝʰʠ ʚ ʫʢʘʟʘʥʠʠ 

ʧʫʪʝʡ ʢ ʬʘʡʣʘʤ ʠ ʜʠʨʝʢʪʦʨʠʷʤ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʢʦʤʘʥʜʘ setwd () ʥʝ ʙʫʜʝʪ ʩʦʟʜʘʚʘʪʴ ʫʢʘʟʘʥʥʫʶ 

ʜʠʨʝʢʪʦʨʠʶ, ʝʩʣʠ ʦʥʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳ ʤʦʞʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ 

dir . create ()  ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʠʨʝʢʪʦʨʠʠ, ʘ ʫʞʝ ʟʘʪʝʤ ï setwd () ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʟʥʘʯʠʪʴ ʵʪʫ 

ʜʠʨʝʢʪʦʨʠʶ ʨʘʙʦʯʝʡ. 



ʈʘʟʫʤʥʦ ʠʤʝʪʴ ʦʪʜʝʣʴʥʫʶ ʜʠʨʝʢʪʦʨʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʝʢʪʘ. ʗ ʦʙʳʯʥʦ ʥʘʯʠʥʘʶ ʣʶʙʫʶ 

ʩʝʩʩʠʶ R ʩ ʫʢʘʟʘʥʠʷ ʥʫʞʥʦʡ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ setwd () , ʘ ʟʘʪʝʤ ʚʚʦʞʫ 

ʢʦʤʘʥʜʫ load ()  ʙʝʟ ʘʨʛʫʤʝʥʪʦʚ. ʕʪʦ ʦʙʦʟʥʘʯʘʝʪ ʦʢʦʥʯʘʥʠʝ ʧʨʝʜʳʜʫʱʝʡ ʩʝʩʩʠʠ ʠ ʧʦʤʦʛʘʝʪ ʥʝ 

ʩʤʝʰʠʚʘʪʴ ʜʘʥʥʳʝ ʠ ʫʩʪʘʥʦʚʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʥʳʭ ʧʨʦʝʢʪʦʚ. ɺ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ Windows 

ʠ Mac OS X ʚʩʝ ʝʱʝ ʧʨʦʱʝ. ʅʫʞʥʦ ʚʩʝʛʦ ʣʠʰʴ ʥʘʡʪʠ ʬʘʡʣ ʩ ʩʦʭʨʘʥʝʥʥʳʤ ʨʘʙʦʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ 

ʜʚʘʞʜʳ ʱʝʣʢʥʫʪʴ ʥʘ ʥʝʛʦ. ʕʪʦ ʜʝʡʩʪʚʠʝ ʟʘʧʫʩʪʠʪ R, ʟʘʛʨʫʟʠʪ ʩʦʭʨʘʥʝʥʥʦʝ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ 

ʥʘʟʥʘʯʠʪ ʜʠʨʝʢʪʦʨʠʶ, ʛʜʝ ʥʘʭʦʜʠʣʩʷ ʵʪʦʪ ʬʘʡʣ, ʨʘʙʦʯʝʡ. 

 

1.3.4. ɺʚʦʜ ʠ ʚʳʚʦʜ 

 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʟʘʧʫʩʢ R ʥʘʯʠʥʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʝʩʩʠʶ, ʛʜʝ ʚʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʘ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʚʦʜʷʪʩʷ ʥʘ ʵʢʨʘʥ. ʆʜʥʘʢʦ ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʧʫʩʪʠʪʴ ʢʦʤʘʥʜʳ ʠʟ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʩʢʨʠʧʪʘ 

(ʬʘʡʣʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʠ R), ʘ ʚʳʚʦʜ ʚʦʟʤʦʞʝʥ ʥʘʧʨʷʤʫʶ ʚ ʨʘʟʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

 

ɺʚʦʜ 

 

ʌʫʥʢʮʠʷ source (ñfilename ò) ʟʘʧʫʩʢʘʝʪ ʩʢʨʠʧʪ. ɽʩʣʠ ʥʝ ʧʨʦʧʠʩʘʥ ʧʫʪʴ ʢ ʬʘʡʣʫ, 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʢʫʱʝʡ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ. ʅʘʧʨʠʤʝʨ, ʢʦʤʘʥʜʘ 

source (ñmyscript . Rò), ʟʘʧʫʩʢʘʝʪ ʩʝʨʠʶ ʢʦʤʘʥʜ R, ʢʦʪʦʨʳʝ ʟʘʧʠʩʘʥʳ ʚ ʬʘʡʣʝ myscript . R. 

ʇʨʠʥʷʪʦ, ʯʪʦʙʳ ʬʘʡʣʳ ʩʢʨʠʧʪʦʚ ʠʤʝʣʠ ʨʘʩʰʠʨʝʥʠʝ . R, ʥʦ ʵʪʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ. 

 

ʊʝʢʩʪʦʚʳʡ ʚʳʚʦʜ 

 

ʌʫʥʢʮʠʷ sink (ñfilename ò) ʚʳʚʦʜʠʪ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʬʘʡʣ filename . ʇʦ ʫʤʦʣʯʘʥʠʶ, ʝʩʣʠ 

ʵʪʦʪ ʬʘʡʣ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʥʦʚʘʷ ʚʝʨʩʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʦʚʝʨʭ ʩʪʘʨʦʡ. ʇʘʨʘʤʝʪʨ append =TRUE 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʡ ʪʝʢʩʪ ʚ ʬʘʡʣ, ʘ ʥʝ ʟʘʧʠʩʳʚʘʪʴ ʝʛʦ ʚʤʝʩʪʦ ʩʪʘʨʦʛʦ ʪʝʢʩʪʘ. ʇʘʨʘʤʝʪʨ 

split =TRUE ʧʦʟʚʦʣʷʝʪ ʚʳʚʦʜʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʥʘ ʵʢʨʘʥ, ʠ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ. ʌʫʥʢʮʠʷ sink ()  ʙʝʟ 

ʘʨʛʫʤʝʥʪʦʚ ï ʢʦʤʘʥʜʘ ʚʳʚʦʜʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩʥʦʚʘ ʪʦʣʴʢʦ ʥʘ ʵʢʨʘʥ. 

 

ɻʨʘʬʠʯʝʩʢʠʡ ʚʳʚʦʜ 

 

ʍʦʪʷ ʢʦʤʘʥʜʘ sink ()  ʫʧʨʘʚʣʷʝʪ ʚʳʚʦʜʦʤ ʪʝʢʩʪʘ, ʦʥʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʠʢʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʳʚʦʜ 

ʛʨʘʬʠʢʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ ʚʳʚʦʜʦʤ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʡʪʝ ʦʜʥʫ ʠʟ ʬʫʥʢʮʠʡ, ʫʢʘʟʘʥʥʳʭ 

ʚ ʪʘʙʣ. 1.4. ʌʫʥʢʮʠʷ dev.off()  ʥʘʧʨʘʚʣʷʝʪ ʚʳʚʦʜ ʛʨʘʬʠʢʠ ʦʙʨʘʪʥʦ ʥʘ ʵʢʨʘʥ. 

 

ʊʘʙʣʠʮʘ 1.4. ʌʫʥʢʮʠʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʨʘʬʠʢʦʚ 

 

ʌʫʥʢʮʠʷ ɺʳʚʦʜ (ʬʦʨʤʘʪ ʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʡʣʘ) 

pdf(ñfilename.pdfò) PDF 

win.metafile(ñfilename.wmfò) Windows metafile 

png(ñfilename.pngò) PNG 

jpeg(ñfilename.jpgò) JPEG 

bmp(ñfilename.bmpò) BMP 

postscript(ñfilename.psò) PostScript 

 

ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʚʩʝ ʵʪʦ ʚ ʦʜʥʦʤ ʧʨʠʤʝʨʝ. ʇʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ ʫ ʚʘʩ ʝʩʪʴ ʪʨʠ ʬʘʡʣʘ-ʩʢʨʠʧʪʘ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ R (script 1. R, script 2. R ʠ script 3. R). ʂʦʤʘʥʜʘ 

source (ñscript 1. Rò) ʟʘʧʫʩʪʠʪ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʬʘʡʣʝ script1.R , ʠ 

ʚʳʚʝʜʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʵʢʨʘʥ. 



ɽʩʣʠ ʚʳ ʥʘʙʝʨʝʪʝ ʩʣʝʜʫʶʱʠʝ ʢʦʤʘʥʜʳ: 

 
sink("myoutput", append=TRUE, split=TRUE)  

pdf("mygraphs.pdf")  

source("script2.R")  

 

ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʠʟ ʬʘʡʣʘ script 2. R, ʠ ʨʝʟʫʣʴʪʘʪʳ ʚʥʦʚʴ ʧʦʷʚʷʪʩʷ ʥʘ ʵʢʨʘʥʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʝʢʩʪʦʚʳʡ ʚʳʚʦʜ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥ ʢ ʩʦʜʝʨʞʠʤʦʤʫ ʬʘʡʣʘ myoutput , ʘ ʛʨʘʬʠʯʝʩʢʠʡ 

ʚʳʚʦʜ ï ʩʦʭʨʘʥʝʥ ʚ ʬʘʡʣʝ mygraphs . pdf . 

ʅʘʢʦʥʝʮ, ʝʩʣʠ ʚʳ ʚʚʝʜʝʪʝ ʪʘʢʠʝ ʢʦʤʘʥʜʳ: 

 
sink()  

dev.off()  

source("script3.R")  

 

ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʠʟ ʬʘʡʣʘ script 3. R ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʷʚʷʪʩʷ ʥʘ ʵʢʨʘʥʝ. ʅʠ 

ʪʝʢʩʪʦʚʳʡ, ʥʠ ʛʨʘʬʠʯʝʩʢʠʡ ʚʳʚʦʜ ʥʝ ʙʫʜʫʪ ʩʦʭʨʘʥʝʥ rʚ ʬʘʡʣʳ. ɺʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.6. 

 

ʈʠʩ. 1.6. ɺʚʦʜ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ source ()  ʠ ʚʳʚʦʜ ʧʦʩʨʝʜʩʪʚʦʤ ʬʫʥʢʮʠʠ 

sink ()  



R ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠ ʚʳʚʦʜʘ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʘʟʜʝʣʝ 1.5 ʚʳ ʫʟʥʘʝʪʝ, ʢʘʢ ʟʘʧʫʩʢʘʪʴ ʧʨʦʛʨʘʤʤʫ ʚ ʧʘʢʝʪʥʦʤ ʨʝʞʠʤʝ (batch mode). 

 

1.4. ʇʘʢʝʪʳ 

 

R ʚ ʙʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ʫʞʝ ʦʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʥʘʠʙʦʣʝʝ 

ʚʧʝʯʘʪʣʷʶʱʠʝ çʫʤʝʥʠʷè ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʷʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʢʘʯʘʪʴ ʠ 

ʫʩʪʘʥʦʚʠʪʴ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ 2 500 ʩʦʟʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʤʦʜʫʣʝʡ, ʥʘʟʳʚʘʝʤʳʭ ʧʘʢʝʪʘʤʠ 

(packages), ʢʦʪʦʨʳʝ ʚʳ ʤʦʞʝʪʝ ʩʢʘʯʘʪʴ ʩ http://cran.r-project.org/web/packages. ɺ ʥʠʭ ʟʘʢʣʶʯʝʥʳ ʧʦʯʪʠ 

ʙʝʟʛʨʘʥʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ï ʦʪ ʘʥʘʣʠʟʘ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʝʣʢʦʚ ʠ 

ʘʥʘʣʠʟʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ! ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʢʝʪʦʚ ʧʦ ʭʦʜʫ 

ʧʦʚʝʩʪʚʦʚʘʥʠʷ. 

 

1.4.1. ʏʪʦ ʪʘʢʦʝ ʧʘʢʝʪʳ? 

 

ʇʘʢʝʪʳ ï ʵʪʦ ʩʦʙʨʘʥʠʷ ʬʫʥʢʮʠʡ R, ʜʘʥʥʳʭ ʠ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʬʦʨʤʘʪʝ. ɼʠʨʝʢʪʦʨʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʘʢʝʪʳ ʭʨʘʥʷʪʩʷ ʥʘ ʚʘʰʝʤ ʢʦʤʧʴʶʪʝʨʝ, ʥʘʟʳʚʘʝʪʩʷ ʙʠʙʣʠʦʪʝʢʦʡ. 

ʌʫʥʢʮʠʷ . libPath ()  ʧʦʢʘʟʳʚʘʝʪ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʚʘʰʘ ʙʠʙʣʠʦʪʝʢʘ, ʘ ʬʫʥʢʮʠʷ library ()  

ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʥʘʟʚʘʥʠʷ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʧʘʢʝʪʦʚ. 

R ʧʦʩʪʘʚʣʷʝʪʩʷ ʫʞʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʥʘʙʦʨʦʤ ʧʘʢʝʪʦʚ (ʚʢʣʶʯʘʷ base , datasets , utils , 

grDevices , graphi cs  ʠ methods ). ɺ ʥʠʭ ʫʞʝ ʟʘʢʣʶʯʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʠ ʠ ʥʘʙʦʨʳ 

ʜʘʥʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɼʨʫʛʠʝ ʧʘʢʝʪʳ ʥʫʞʥʦ ʩʢʘʯʠʚʘʪʴ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ. ʇʦʩʣʝ 

ʫʩʪʘʥʦʚʢʠ, ʦʥʠ ʟʘʛʨʫʞʘʶʪʩʷ ʚʦ ʚʨʝʤʷ ʩʝʩʩʠʠ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʂʦʤʘʥʜʘ search ()  ʚʳʚʦʜʠʪ 

ʥʘ ʵʢʨʘʥ ʥʘʟʚʘʥʠʷ ʟʘʛʨʫʞʝʥʥʳʭ ʠ ʛʦʪʦʚʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʘʢʝʪʦʚ. 

 

1.4.2. ʋʩʪʘʥʦʚʢʘ ʧʘʢʝʪʘ 

 

ɺ R ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʘʢʝʪʘʤʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʫʩʪʘʥʦʚʠʪʴ ʧʘʢʝʪ, ʠʩʧʦʣʴʟʫʡʪʝ ʢʦʤʘʥʜʫ install . packages () . ʕʪʘ ʢʦʤʘʥʜʘ, ʚʚʝʜʝʥʥʘʷ ʙʝʟ 

ʘʨʛʫʤʝʥʪʦʚ, ʚʳʟʦʚʝʪ ʩʧʠʩʦʢ ʟʝʨʢʘʣ ʩʘʡʪʘ CRAN. ʇʦʩʣʝ ʚʳʙʦʨʘ ʟʝʨʢʘʣʘ, ʚʳ ʫʚʠʜʠʪʝ ʩʧʠʩʦʢ ʚʩʝʭ 

ʜʦʩʪʫʧʥʳʭ ʧʘʢʝʪʦʚ. ɺʳʙʝʨʠʪʝ ʦʜʠʥ ʠʟ ʥʠʭ, ʠ ʦʥ ʙʫʜʝʪ ʩʢʘʯʘʥ ʠ ʟʘʛʨʫʞʝʥ. ɽʩʣʠ ʚʳ ʟʥʘʝʪʝ ʥʘʟʚʘʥʠʝ 

ʧʘʢʝʪʘ, ʢʦʪʦʨʳʡ ʭʦʪʠʪʝ ʫʩʪʘʥʦʚʠʪʴ, ʪʦ ʤʦʞʝʪʝ ʩʜʝʣʘʪʴ ʵʪʦ, ʩʦʦʙʱʠʚ ʬʫʥʢʮʠʠ ʵʪʦ ʥʘʟʚʘʥʠʝ ʚ ʚʠʜʝ 

ʘʨʛʫʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʧʘʢʝʪ gclus  ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʜʠʘʛʨʘʤʤ 

ʨʘʩʩʝʷʥʠʷ. ʕʪʦʪ ʧʘʢʝʪ ʤʦʞʥʦ ʩʢʘʯʘʪʴ ʠ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ 

install . packages (ñgclus ò). 

ʇʘʢʝʪ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʣʶʙʳʝ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ, ʧʘʢʝʪʳ 

ʯʘʩʪʦ ʦʙʥʦʚʣʷʶʪʩʷ ʩʚʦʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ. ʀʩʧʦʣʴʟʫʡʪʝ ʢʦʤʘʥʜʫ update . package ()  ʜʣʷ 

ʦʙʥʦʚʣʝʥʠʷ ʚʩʝʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʘʢʝʪʦʚ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʘʢʝʪʘʭ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʘʥʜʫ i nstalled . packages () . ʆʥʘ ʚʳʚʦʜʠʪ ʥʘ 

ʵʢʨʘʥ ʩʧʠʩʦʢ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʧʘʢʝʪʦʚ ʩ ʥʦʤʝʨʘʤʠ ʠʭ ʚʝʨʩʠʡ, ʥʘʟʚʘʥʠʷʤʠ ʧʘʢʝʪʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʦʥʠ 

ʟʘʚʠʩʷʪ ʠ ʜʨʫʛʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

 

1.4.3. ɿʘʛʨʫʟʢʘ ʧʘʢʝʪʘ 

 

ʂʦʛʜʘ ʚʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʝ ʧʘʢʝʪ, ʦʥ ʩʢʘʯʠʚʘʝʪʩʷ ʩ ʩʘʡʪʘ CRAN ʠ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʚʘʰʫ ʙʠʙʣʠʦʪʝʢʫ. ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʧʘʢʝʪ ʚ ʪʝʢʫʱʝʡ ʩʝʩʩʠʠ ʧʨʦʛʨʘʤʤʳ, ʚʘʤ ʥʫʞʥʦ ʟʘʛʨʫʟʠʪʴ ʝʛʦ ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ library () . ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʢʝʪ gclus , ʚʚʝʜʠʪʝ 

ʢʦʤʘʥʜʫ library ( gclus ) . ʈʘʟʫʤʝʝʪʩʷ, ʧʨʝʞʜʝ ʯʝʤ ʟʘʛʨʫʟʠʪʴ ʧʘʢʝʪ, ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʫʩʪʘʥʦʚʠʪʴ. ɺ 

ʪʝʯʝʥʠʝ ʩʝʩʩʠʠ ʜʦʩʪʘʪʦʯʥʦ ʟʘʛʨʫʟʠʪʴ ʧʘʢʝʪ ʦʜʠʥ ʨʘʟ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʨʘʙʦʯʝʝ 



ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʘʢ, ʯʪʦʙʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʘʢʝʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʛʨʫʞʘʣʠʩʴ ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʡ 

ʩʝʩʩʠʠ. ʅʘʩʪʨʦʡʢʘ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ B. 

 

1.4.4. ʂʘʢ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʢʝʪʝ 

 

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʧʘʢʝʪʘ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʠ ʥʘʙʦʨʳ ʜʘʥʥʳʭ. ʅʝʙʦʣʴʰʠʝ ʥʘʙʦʨʳ 

ʜʘʥʥʳʭ ʧʦʩʪʘʚʣʷʶʪʩʷ ʚʤʝʩʪʝ ʩ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʜʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʨʦʙʦʚʘʪʴ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʉʠʩʪʝʤʘ ʩʧʨʘʚʢʠ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ (ʩ ʧʨʠʤʝʨʘʤʠ) ʠ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʞʜʦʤ ʚʩʪʨʦʝʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʌʫʥʢʮʠʷ 

help ( package =òʥʘʟʚʘʥʠʝ_ʧʘʢʝʪʘò) ʚʳʚʦʜʠʪ ʢʦʨʦʪʢʦʝ ʦʧʠʩʘʥʠʝ ʵʪʦʛʦ ʧʘʢʝʪʘ ʠ ʘʣʬʘʚʠʪʥʳʡ 

ʫʢʘʟʘʪʝʣʴ ʚʩʝʭ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʬʫʥʢʮʠʡ ʠ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʘʥʜʳ help ()  ʜʣʷ 

ʥʘʟʚʘʥʠʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʬʫʥʢʮʠʡ ʠʣʠ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ ʚʳʷʩʥʠʪʴ ʥʦʚʳʝ ʜʝʪʘʣʠ. ʕʪʫ ʞʝ 

ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʩʢʘʯʘʪʴ ʩ ʩʘʡʪʘ CRAN ʚ ʚʠʜʝ ʨʫʢʦʚʦʜʩʪʚʘ ʚ ʬʦʨʤʘʪʝ PDF. 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʦʰʠʙʢʠ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʚ R: 

 
ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʜʦʧʫʩʢʘʶʪ ʠ ʥʦʚʠʯʢʠ, ʠ ʦʧʳʪʥʳʝ ʧʨʦʛʨʘʤʤʠʩʪʳ ʥʘ ʷʟʳʢʝ R. 

ɽʩʣʠ ʧʨʦʛʨʘʤʤʳ ʚʳʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ, ʧʨʦʚʝʨʴʪʝ, ʥʝ ʩʜʝʣʘʣʠ ʣʠ ʚʳ ʯʪʦ-ʪʦ ʠʟ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ: 

¶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʧʨʘʚʠʣʴʥʳʡ ʨʝʛʠʩʪʨ: help(), Help() ʠ HELP() ï ʵʪʦ ʪʨʠ ʨʘʟʥʳʝ ʬʫʥʢʮʠʠ (ʪʦʣʴʢʦ ʧʝʨʚʘʷ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ); 

¶ ʟʘʙʳʣʠ ʧʦʩʪʘʚʠʪʴ ʢʘʚʳʯʢʠ ʪʘʤ, ʛʜʝ ʦʥʠ ʥʝʦʙʭʦʜʠʤʳ: install.packages(ñgclusò) ʨʘʙʦʪʘʝʪ, ʘ install.packages(gclus) 

ʚʳʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ; 

¶ ʟʘʙʳʣʠ ʧʦʩʪʘʚʠʪʴ ʩʢʦʙʢʠ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʬʫʥʢʮʠʠ: ʢ ʧʨʠʤʝʨʫ, ʥʫʞʥʦ ʥʘʙʠʨʘʪʴ help(), ʘ ʥʝ help. ɼʘʞʝ ʝʩʣʠ 

ʘʨʛʫʤʝʥʪʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʩʢʦʙʢʠ ʚʩʝ ʨʘʚʥʦ ʥʝʦʙʭʦʜʠʤʳ; 

¶ ʠʩʧʦʣʴʟʦʚʘʣʠ \ ʚ ʫʢʘʟʘʥʠʠ ʧʫʪʠ ʢ ʬʘʡʣʫ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Windows: R ʚʦʩʧʨʠʥʠʤʘʝʪ ʦʙʨʘʪʥʳʡ ʩʣʝʰ ʢʘʢ 

ʩʠʤʚʦʣ ʚʳʭʦʜʘ. setwd(ñc:\mydataò) ʧʦʨʦʞʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ. ʀʩʧʦʣʴʟʫʡʪʝ ʚʤʝʩʪʦ ʵʪʦʛʦ 

setwd(ñc:/mydataò) ʠʣʠ setwd(ñc:\\mydataò); 

¶ ʚʚʝʣʠ ʬʫʥʢʮʠʶ ʠʟ ʧʘʢʝʪʘ, ʢʦʪʦʨʳʡ ʝʱʝ ʥʝ ʟʘʛʨʫʟʠʣʠ. ʌʫʥʢʮʠʷ order.clusters() ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʘʢʝʪʝ gclus. ɽʩʣʠ 

ʚʳ ʧʦʧʨʦʙʫʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʟʘʛʨʫʟʠʣʠ ʵʪʦʪ ʧʘʢʝʪ, ʚʦʟʥʠʢʥʝʪ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ. 

ʉʦʦʙʱʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ ʚ R ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʥʷʪʥʳʤʠ, ʦʜʥʘʢʦ ʧʦʷʚʣʝʥʠʝ ʤʥʦʛʠʭ ʪʘʢʠʭ ʩʦʦʙʱʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ, 

ʝʩʣʠ ʚʥʠʤʘʪʝʣʴʥʦ ʩʣʝʜʦʚʘʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ. 

 

1.5. ʇʘʢʝʪʥʘʷ ʦʙʨʘʙʦʪʢʘ 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳ ʨʘʙʦʪʘʝʪʝ ʚ R ʠʥʪʝʨʘʢʪʠʚʥʦ, ʪʦ ʝʩʪʴ ʥʘʙʠʨʘʝʪʝ ʢʦʤʘʥʜʳ ʚ ʦʪʚʝʪ ʥʘ ʧʨʠʛʣʘʰʝʥʠʝ ʥʘ 

ʚʚʦʜ ʠ ʚʠʜʠʪʝ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʢʦʤʘʥʜʳ. ɺ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʫ ʚʘʩ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ 

ʞʝʣʘʥʠʝ ʟʘʧʫʩʪʠʪʴ R ʚ ʧʦʚʪʦʨʷʶʱʝʤʩʷ ʩʪʘʥʜʘʨʪʥʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʜʠʥ 

ʨʘʟ ʚ ʤʝʩʷʮ ʚʘʤ ʥʫʞʥʦ ʩʜʘʚʘʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʪʯʝʪ, ʚr  ʤʦʞʝʪʝ ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʥʘ ʷʟʳʢʝ R ʠ 

ʟʘʧʫʩʢʘʪʴ ʝʝ ʚ ʧʘʢʝʪʥʦʤ ʨʝʞʠʤʝ. 

ʉʧʦʩʦʙ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʚ ʧʘʢʝʪʥʦʤ ʨʝʞʠʤʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ 

Linux ʠʣʠ Mac OS X ʵʪʦ ʤʦʞʥʦ ʜʝʣʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʚʚʦʜʘ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ ʚ ʦʢʥʝ ʪʝʨʤʠʥʘʣʘ: 
R CMD BATCH options infile outfile ,  

ʛʜʝ infile  ï ʠʤʷ ʬʘʡʣʘ c ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʜʦʤ R, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ, outfile  ï ʠʤʷ 

ʬʘʡʣʘ, ʚ ʢʦʪʦʨʳʡ ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʚ ʬʘʡʣʝ options  ʧʝʨʝʯʠʩʣʝʥʳ ʦʧʮʠʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʧʘʨʘʤʝʪʨʳ ʚʳʧʦʣʥʝʥʠʷ ʢʦʜʘ. ʇʨʠʥʷʪʦ, ʯʪʦʙʳ infile  ʠʤʝʣ ʨʘʩʰʠʨʝʥʠʝ . R, ʘ outfile  

ï ʨʘʩʰʠʨʝʥʠʝ . Rout . 

 ɺ Windows ʠʩʧʦʣʴʟʫʡʪʝ ʢʦʤʘʥʜʫ 
"C: \ Program Files \ R\ R- 2.13.0 \ bin \ R.exe" CMD BATCH  

ê-- vanilla -- slave "c: \ my projects \ myscript.R" , 

ʚ ʢʦʪʦʨʦʡ ʧʨʦʧʠʩʘʥʳ ʧʫʪʠ ʢ ʬʘʡʣʫ R.exe ʠ ʢ ʬʘʡʣʫ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʜʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʵʪʦʡ ʪʝʤʝ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʮʠʡ ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ, ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʦʩʦʙʠʠ 

çɺʚʝʜʝʥʠʝ ʚ Rè (çIntroduction to Rè)
5
 ʥʘ ʩʘʡʪʝ CRAN (http://cran.r-project.org). 

 

                                                 
5
 ʅʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ï ʇʨʠʤ. ʧʝʨ. 

http://cran.r-project.org/


1.6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʚʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʚʚʦʜʘ ï ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʨʝʟʫʣʴʪʘʪʦʚ  

 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ R ï ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦ ʩʦʭʨʘʥʠʪʴ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʢʘʢ ʚʚʦʜ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ɽʩʣʠ ʚʳ ʥʝ ʧʦʥʠʤʘʝʪʝ, ʯʪʦ ʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʟʜʝʩʴ ʧʨʠʤʝʥʝʥʳ, ʥʝ ʚʦʣʥʫʡʪʝʩʴ. ɿʜʝʩʴ ʜʣʷ ʥʘʩ ʚʘʞʝʥ ʦʙʱʠʡ ʧʨʠʥʮʠʧ. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʯʠʪʘʝʤ ʧʨʦʩʪʫʶ ʣʠʥʝʡʥʫʶ ʨʝʛʨʝʩʩʠʶ, ʦʧʠʩʳʚʘʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʚ ʤʠʣʷʭ ʥʘ ʛʘʣʣʦʥ (miles per gallon ï mpg) ʦʪ ʚʝʩʘ ʤʘʰʠʥʳ (weight ï wt) ʜʣʷ ʚʩʪʨʦʝʥʥʦʛʦ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ mtcars . ʕʪʦ ʜʝʣʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʠ: 

lm ( mpg~wt , data =mtcars ) . 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʚʦʜʷʪʩʷ ʥʘ ʵʢʨʘʥ, ʥʦ ʥʝ ʩʦʭʨʘʥʷʶʪʩʷ. 

ɿʘʪʝʤ ʚʳʧʦʣʥʠʤ ʪʫ ʞʝ ʦʧʝʨʘʮʠʶ, ʩʦʭʨʘʥʠʚ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʦʙʲʝʢʪʘ: 

lmfit < -  lm(mpg~wt, data=mtcars) . 

ʕʪʦ ʧʨʠʩʚʦʝʥʠʝ ʩʦʟʜʘʣʦ ʦʙʲʝʢʪ ʪʠʧʘ ʩʧʠʩʦʢ ʩ ʥʘʟʚʘʥʠʝʤ lmfit , ʚ ʢʦʪʦʨʦʤ ʟʘʧʠʩʘʥʳ ʧʦʜʨʦʙʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ (ʚʢʣʶʯʘʷ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʦʩʪʘʪʢʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʠ ʪʘʢ 

ʜʘʣʝʝ). ʍʦʪʷ ʧʨʠ ʵʪʦʤ ʥʘ ʵʢʨʘʥʝ ʥʠʯʝʛʦ ʥʝ ʧʦʷʚʠʣʦʩʴ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ ʧʦʜʚʝʨʛʘʪʴ 

ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ. 

ʂʦʤʘʥʜʘ summary( lmfit )  ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (summary) 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ plot ( lmfit )  ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʛʨʘʬʠʢʠ. 

ʌʫʥʢʮʠʷ cook< - cooks.distance(lmfit)  ʨʘʩʩʯʠʪʳʚʘʝʪ ʩʪʘʪʠʩʪʠʢʠ ʚʦʟʜʝʡʩʪʚʠʷ (influence 

statistics), ʘ ʬʫʥʢʮʠʷ plot ( cook )  ʦʪʦʙʨʘʞʘʝʪ ʠʭ ʛʨʘʬʠʯʝʩʢʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʝʜʩʢʘʟʘʪʴ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ, ʟʥʘʷ ʚʝʩ ʤʘʰʠʥʳ, ʧʦ ʥʦʚʳʤ ʜʘʥʥʳʤ, ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ predict(lmfit, 

mynewdata) . 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʟʥʘʪʴ, ʢʘʢʠʝ ʟʥʘʯʝʥʠʷ ʚʦʟʚʨʘʱʘʝʪ ʬʫʥʢʮʠʷ, ʟʘʛʣʷʥʠʪʝ ʚ ʨʘʟʜʝʣ çʟʥʘʯʝʥʠʝè 

(Value) ʦʥʣʘʡʥ-ʩʧʨʘʚʢʠ ʜʣʷ ʵʪʦʡ ʬʫʥʢʮʠʠ
6
. ɺ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ ʤʦʞʥʦ ʥʘʙʨʘʪʴ help ( l m)  ʠʣʠ ?lm . 

ʊʘʢ ʚʳ ʫʟʥʘʝʪʝ, ʯʪʦ ʙʳʣʦ ʩʦʭʨʘʥʝʥʦ, ʢʦʛʜʘ ʚʳ ʧʨʠʩʚʦʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʠ ʦʙʲʝʢʪʫ. 

 

1.7. ʈʘʙʦʪʘ ʩ ʙʦʣʴʰʠʤʠ ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ 

 

ʇʨʦʛʨʘʤʤʠʩʪʳ ʯʘʩʪʦ ʩʧʨʘʰʠʚʘʶʪ ʤʝʥʷ, ʤʦʞʝʪ ʣʠ R ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʦʥʠ ʨʘʙʦʪʘʶʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʥʪʝʨʥʝʪʘ, ʢʣʠʤʘʪʘ ʠʣʠ ʛʝʥʝʪʠʢʠ. ʇʦʩʢʦʣʴʢʫ R ʫʜʝʨʞʠʚʘʝʪ ʦʙʲʝʢʪʳ ʚ ʧʘʤʷʪʠ, ʦʙʳʯʥʦ ʦʙʲʝʤ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ (RAM) ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ. ʅʘʧʨʠʤʝʨ, ʥʘ ʤʦʝʤ ʢʦʤʧʴʶʪʝʨʝ ʩ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Windows ʠ 2 ɻʙ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʧʨʦʠʟʚʝʜʝʥʥʦʤ ʧʷʪʴ ʣʝʪ ʥʘʟʘʜ, ʷ ʤʦʛʫ ʩ 

ʣʝʛʢʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʠʟ 10 ʤʠʣʣʠʦʥʦʚ ʵʣʝʤʝʥʪʦʚ (100 ʧʨʠʟʥʘʢʦʚ 100 000 ʦʙʲʝʢʪʦʚ). ʅʘ 

iMac ʩ 4 ɻʙ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʛʫ ʙʝʟ ʦʩʦʙʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ 100 ʤʠʣʣʠʦʥʦʚ ʵʣʝʤʝʥʪʦʚ. 

 

1.8. ʋʯʠʤʩʷ ʥʘ ʧʨʠʤʝʨʝ 

 

ɿʘʢʦʥʯʠʤ ʵʪʫ ʛʣʘʚʫ ʧʨʠʤʝʨʦʤ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʤʥʦʛʠʝ ʚʳʩʢʘʟʘʥʥʳʝ ʠʜʝʠ. ɺʦʪ ʟʘʜʘʥʠʝ: 

1. ʆʪʢʨʦʡʪʝ ʦʙʱʠʡ ʬʘʡʣ ʩʧʨʘʚʢʠ ʠ ʟʘʛʣʷʥʠʪʝ ʚ ʨʘʟʜʝʣ çɺʚʝʜʝʥʠʝ ʚ Rè.  

2. ʋʩʪʘʥʦʚʠʪʝ ʧʘʢʝʪ vcd  (ʧʘʢʝʪ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʤʳ ʙʫʜʝʤ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʛʣʘʚʝ 11). 

3. ʇʦʩʤʦʪʨʠʪʝ ʥʘ ʩʧʠʩʦʢ ʚʩʝʭ ʬʫʥʢʮʠʡ ʠ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʘʢʝʪʝ. 

4. ɿʘʛʨʫʟʠʪʝ ʧʘʢʝʪ ʠ ʧʨʦʯʪʠʪʝ ʦʧʠʩʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ Arthritis . 

5. ɺʳʚʝʜʠʪʝ ʵʪʦʪ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʘ ʵʢʨʘʥ (ʥʘʙʨʘʚ ʝʛʦ ʥʘʟʚʘʥʠʝ ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ). 

                                                 
6
 ʅʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʢʘʢ ʠ ʚʩʝ ʧʨʦʯʠʝ ʫʧʦʤʷʥʫʪʳʝ ʩʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ï ʇʨʠʤ. ʧʝʨ. 

 



6. ɿʘʧʫʩʪʠʪʝ ʧʨʠʤʝʨ, ʢʦʪʦʨʳʡ ʧʨʠʣʘʛʘʝʪʩʷ ʢ ʥʘʙʦʨʫ ʜʘʥʥʳʭ Arthritis . ʅʝ ʙʝʩʧʦʢʦʡʪʝʩʴ, ʝʩʣʠ 

ʚʳ ʥʝ ʧʦʥʠʤʘʝʪʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʨʘʜʘʶʱʠʝ ʘʨʪʨʠʪʦʤ 

ʧʘʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʣʠ ʣʝʢʘʨʩʪʚʦ, ʚʳʟʜʦʨʘʚʣʠʚʘʣʠ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʤʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʣʠ ʧʣʘʮʝʙʦ. 

7. ɺʳʡʜʠʪʝ ʠʟ ʧʨʦʛʨʘʤʤʳ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʚʘʤ ʧʦʥʘʜʦʙʠʪʩʷ, ʧʨʠʚʝʜʝʥ ʥʠʞʝ ʚʤʝʩʪʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩ. 1.7. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 1.3. ʈʘʙʦʪʘ ʩ ʥʦʚʳʤ ʧʘʢʝʪʦʤ 

 
help.start()  

install.packages("vcd")  

help(package="vcd")  

library(vcd)  

help(Arthritis)  

Arthritis  

example(Arthritis)  

q()  

 

ʈʠʩ. 1.7. ʈʝʟʫʣʴʪʘʪ ʜʝʡʩʪʚʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ 1.3, ʚʢʣʶʯʘʶʱʠʡ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ) ʧʨʠʤʝʨʘ 

ʦʙʨʘʙʦʪʢʠ ʥʘʙʦʨʘ ʜʘʥʥʳʭ Arthritis , ʦʙʱʫʶ ʧʦʤʦʱʴ, ʩʚʝʜʝʥʠʷ ʦ ʧʘʢʝʪʝ vcd, ʩʚʝʜʝʥʠʷ ʦ ʥʘʙʦʨʝ 

ʜʘʥʥʳʭ Arthritis  ʠ ʜʠʘʛʨʘʤʤʫ, ʠʣʣʶʩʪʨʠʨʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʣʝʯʝʥʠʷ ʘʨʪʨʠʪʘ ʦʪ 

ʩʧʦʩʦʙʘ ʣʝʯʝʥʠʷ. 

 
ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʵʪʦ ʫʧʨʘʞʥʝʥʠʝ, ʚʳ ʤʦʞʝʪʝ ʩʜʝʣʘʪʴ ʤʥʦʛʦʝ ʧʨʠ ʧʦʤʦʱʠ ʢʦʨʦʪʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʜʘ. 

1.9. ʈʝʟʶʤʝ 

 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʥʝʢʦʪʦʨʳʝ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ R, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʵʪʫ ʧʨʦʛʨʘʤʤʫ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʩʪʘʪʠʩʪʠʢʦʚ ʠ ʘʥʘʣʠʪʠʢʦʚ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʧʦʥʷʪʴ, ʯʪʦ ʟʥʘʯʘʪ ʠʭ 



ʜʘʥʥʳʝ. ʄʳ ʦʙʩʫʜʠʣʠ, ʢʘʢ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʠ ʢʘʢ ʨʘʩʰʠʨʠʪʴ ʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʫʪʝʤ 

ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʢʝʪʦʚ. ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʨʬʝʡʩʘ, 

ʟʘʧʫʩʪʠʣʠ ʧʨʦʛʨʘʤʤʫ ʠʥʪʝʨʘʢʪʠʚʥʦ ʠ ʚ ʧʘʢʝʪʥʦʤ ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʣʠ ʥʝʩʢʦʣʴʢʦ ʛʨʘʬʠʢʦʚ ʜʣʷ 

ʧʨʠʤʝʨʘ. ɺʳ ʪʘʢʞʝ ʫʟʥʘʣʠ, ʢʘʢ ʩʦʭʨʘʥʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚ ʪʝʢʩʪʦʚʳʭ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʬʘʡʣʘʭ. 

ʇʦʩʢʦʣʴʢʫ R ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʟʘʪʨʫʜʥʝʥʠʷ, ʤʳ ʧʦʪʨʘʪʠʣʠ ʥʝʤʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʪʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʦʙʰʠʨʥʦʡ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʜʝʶʩʴ, ʚʳ ʧʦʯʫʚʩʪʚʦʚʘʣʠ, ʢʘʢʦʡ ʤʦʱʥʦʡ 

ʤʦʞʝʪ ʙʳʪʴ ʵʪʘ ʙʝʩʧʣʘʪʥʘʷ ʧʨʦʛʨʘʤʤʘ. 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʫ ʚʘʩ ʫʩʪʘʥʦʚʣʝʥʘ ʛʦʪʦʚʘʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤʘ R, ʥʘʩʪʘʣʦ ʚʨʝʤʷ 

ʧʦʨʘʙʦʪʘʪʴ ʩ ʚʘʰʠʤʠ ʜʘʥʥʳʤʠ. ɺ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʪʠʧʳ ʜʘʥʥʳʭ, ʩ ʢʦʪʦʨʳʤʠ 

ʨʘʙʦʪʘʝʪ R, ʠ ʫʟʥʘʝʤ, ʢʘʢ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤ ʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

 

ɻʣʘʚʘ 2. ʉʦʟʜʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

 

ɺ ʵʪʦʡ ʛʣʘʚʝ: 
¶ ʠʟʫʯʘʝʤ ʩʪʨʫʢʪʫʨ rʜʘʥʥʳʭ ʚ R; 

¶ ʚʚʦʜʠʤ ʜʘʥʥʳʝ; 

¶ ʠʤʧʦʨʪʠʨʫʝʤ ʜʘʥʥʳʝ; 

¶ ʘʥʥʦʪʠʨʫʝʤ ʥʘʙʦʨ rʜʘʥʥʳʭ. 

 

ʇʝʨʚʳʡ ʵʪʘʧ ʣʶʙʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ï ʩʦʟʜʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʜʣʷ ʠʟʫʯʝʥʠʷ, ʚ ʧʦʜʭʦʜʷʱʝʤ ʬʦʨʤʘʪʝ. ɺ R ɻ ʪʘ ʟʘʜʘʯʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ: 

¶ ʚʳʙʦʨ ʪʠʧʘ ʜʘʥʥʳʭ; 

¶ ʚʚʦʜ ʠʣʠ ʠʤʧʦʨʪ ʜʘʥʥʳʭ ʚ ʚʳʙʨʘʥʥʦʤ ʬʦʨʤʘʪʝ. 

 

ʇʝʨʚʘʷ ʯʘʩʪʴ ʵʪʦʡ ʛʣʘʚʳ (ʨʘʟʜʝʣʳ 2.1ð2.2) ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ R. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʟʜʝʣʝ 2.2 ʦʙʩʫʞʜʘʶʪʩʷ ʚʝʢʪʦʨʳ, ʬʘʢʪʦʨʳ, ʤʘʪʨʠʮʳ, ʪʘʙʣʠʮʳ 

ʜʘʥʥʳʭ ʠ ʩʧʠʩʢʠ. ɿʥʘʢʦʤʩʪʚʦ ʩ ʵʪʠʤʠ ʪʠʧʘʤʠ ʜʘʥʥʳʭ (ʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʜʦʩʪʫʧʘ 

ʢ ʦʪʜʝʣʴʥʳʤ ʠʭ ʵʣʝʤʝʥʪʘʤ) ʦʯʝʥʴ ʧʦʤʦʞʝʪ ʚʘʤ ʚ ʧʦʥʠʤʘʥʠʠ ʪʦʛʦ, ʢʘʢ ʨʘʙʦʪʘʝʪ R. ɺʦʟʤʦʞʥʦ, ʚʳ 

ʟʘʭʦʪʠʪʝ ʫʜʝʣʠʪʴ ʵʪʦʤʫ ʨʘʟʜʝʣʫ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʛʣʘʚʳ (ʨʘʟʜʝʣ 2.3) ʧʦʩʚʷʱʝʥʘ ʨʘʟʥʳʤ ʩʧʦʩʦʙʘʤ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʚ R. ɼʘʥʥʳʝ 

ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʚʨʫʯʥʫʶ ʠʣʠ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʠʟ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ. ʊʘʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʤʦʛʫʪ ʙʳʪʴ 

ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʷ ʦʙʳʯʥʦ ʨʘʙʦʪʘʶ ʩ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʩʦʜʝʨʞʘʪʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ 

ʷʟʳʢʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʟʘʧʨʦʩʦʚ (Structured Query Language ï SQL). ʍʦʪʷ ʠʥʦʛʜʘ ʷ ʧʦʣʫʯʘʶ 

ʜʘʥʥʳʝ ʠʟ ʩʪʘʨʦʤʦʜʥʳʭ ʜʠʩʢʦʚʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (Disk Operating System ï DOS) ʠ ʠʟ 

ʩʦʚʨʝʤʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ SAS ʠ SPSS. ɺʝʨʦʷʪʥʦ, ʚʘʤ ʜʦʩʪʘʪʦʯʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠʣʠ ʜʚʘ 

ʤʝʪʦʜʘ ʠʟ ʦʧʠʩʘʥʥʳʭ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʪʘʢ ʯʪʦ ʧʨʦʩʪʦ ʚʳʙʝʨʠʪʝ ʪʦʪ, ʯʪʦ ʚʘʤ ʧʦʜʭʦʜʠʪ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩʦʟʜʘʥ, ʝʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʫʞʥʦ ʘʥʥʦʪʠʨʦʚʘʪʴ, ʜʦʙʘʚʠʚ ʧʦʜʧʠʩʠ 

ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ʠ ʢʦʜʦʚ ʜʘʥʥʳʭ. ʊʨʝʪʴʷ ʯʘʩʪʴ ʛʣʘʚʳ (ʨʘʟʜʝʣ 2.4) ʧʦʩʚʷʱʝʥʘ ʘʥʥʦʪʠʨʦʚʘʥʠʶ ʥʘʙʦʨʦʚ 

ʜʘʥʥʳʭ ʠ ʦʙʟʦʨʫ ʥʝʢʦʪʦʨʳʭ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ (ʨʘʟʜʝʣ 2.5). ɼʘʚʘʡʪʝ 

ʥʘʯʥʝʤ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ. 

 

2.1. ʏʪʦ ʪʘʢʦʝ ʥʘʙʦʨ ʜʘʥʥʳʭ? 

 

ʅʘʙʦʨ ʜʘʥʥʳʭ ï ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʨʷʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʘʙʣʶʜʝʥʠʷʤ, ʘ ʩʪʦʣʙʮʳ ï ʧʨʠʟʥʘʢʘʤ. ɺ ʪʘʙʣ. 2.1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʦʦʙʨʘʞʘʝʤʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʦ 

ʧʘʮʠʝʥʪʘʭ. 

 



ʊʘʙʣʠʮʘ 2.1. ʅʘʙʦʨ ʜʘʥʥʳʭ ʦ ʧʘʮʠʝʥʪʘʭ 

 

PatientID AdmDate  Age  Diabetes  Status  

1 10/15/2009 25 Type1 Poor 

2 11/01/2009 34 Type2 Improved 

3 10/21/2009 28 Type1 Excellent 

4 10/28/2009 52 Type1 Poor 

  

ʇʨʠʤʝʯʘʥʠʝ: PatientID ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʘʮʠʝʥʪʘ; AdmDate (admission date) ï ʜʘʪʘ ʧʦʩʪʫʧʣʝʥʠʷ: 

ʤʝʩʷʮ/ʜʝʥʴ/ʛʦʜ; Age ï ʚʦʟʨʘʩʪ; Diabetes ï ʪʠʧ ʜʠʘʙʝʪʘ (Type1 ï ʧʝʨʚʳʡ ʪʠʧ, Type2 ï ʚʪʦʨʦʡ ʪʠʧ); 

Status ï ʩʦʩʪʦʷʥʠʝ (Poor ï ʧʣʦʭʦʝ; Improved ï ʫʣʫʯʰʝʥʥʦʝ; Excellent ï ʧʨʝʚʦʩʭʦʜʥʦʝ). 

 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʟʥʳʭ ʧʨʦʬʝʩʩʠʡ ʧʦ-ʨʘʟʥʦʤʫ ʥʘʟʳʚʘʶʪ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

ʉʪʘʪʠʩʪʠʢʠ ʥʘʟʳʚʘʶʪ ʠʭ ʥʘʙʣʶʜʝʥʠʷʤʠ (observation) ʠ ʧʝʨʝʤʝʥʥʳʤʠ (variable), ʘʥʘʣʠʪʠʢʠ, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʶʪ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʛʦʚʦʨʷʪ ʦ ʟʘʧʠʩʷʭ (record) ʠ ʧʦʣʷʭ (field), ʘ ʪʝ, ʢʪʦ ʨʘʙʦʪʘʝʪ ʚ ʦʙʣʘʩʪʠ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʜʘʥʥʳʭ ʩʢʨʳʪʦʡ ʠʥʬʦʨʤʘʮʠʠ (data mining) ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (machine learning), 

ʥʘʟʳʚʘʶʪ ʠʭ ʦʙʨʘʟʮʳ (example) ʠ ʩʚʦʡʩʪʚʘ (attribute). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʵʪʦʡ ʢʥʠʛʠ ʤʳ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥʳ ʥʘʙʣʶʜʝʥʠʝ ʠ ʧʝʨʝʤʝʥʥʘʷ. 

ʅʫʞʥʦ ʨʘʟʣʠʯʘʪʴ ʩʪʨʫʢʪʫʨʫ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʤʘʩʩʠʚ 

ʜʘʥʥʳʭ) ʠ ʪʠʧʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʝʛʦ ʩʦʩʪʘʚʣʷʶʪ. ɺ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʦʤ ʚ ʪʘʙʣ. 2.1 

PatientID  ï ʵʪʦ ʥʘʟʚʘʥʠʝ ʩʪʨʦʢʠ ʠʣʠ ʥʘʙʣʶʜʝʥʠʷ, AdmDate ï ʧʝʨʝʤʝʥʥʘʷ ʚ ʬʦʨʤʘʪʝ ʜʘʪʳ, Age ï 

ʥʝʧʨʝʨʳʚʥʘʷ (ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ï continuous) ʧʝʨʝʤʝʥʥʘʷ, Diabetes  ï ʥʦʤʠʥʘʣʴʥʘʷ (nominal) 

ʧʝʨʝʤʝʥʥʘʷ ʠ Status  ï ʵʪʦ ʧʦʨʷʜʢʦʚʘʷ (ʠʣʠ ʰʢʘʣʴʥʘʷ ï ordered) ʧʝʨʝʤʝʥʥʘʷ.  

R ʨʘʙʦʪʘʝʪ ʩ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʩʢʘʣʷʨʳ, ʚʝʢʪʦʨʳ, ʤʘʩʩʠʚʳ 

ʜʘʥʥʳʭ, ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ ʠ ʩʧʠʩʢʠ. ʊʘʙʣ. 2.1 ʙʫʜʝʪ ʧʨʦʯʠʪʘʥʘ ʚ R ʢʘʢ ʪʘʙʣʠʮʘ ʜʘʥʥʳʭ. ʊʘʢʦʝ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʩʦʦʙʱʘʝʪ ʷʟʳʢʫ R ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ ʚ 

ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ. 

 ʊʠʧʳ ʜʘʥʥʳʭ ʚ R ʙʳʚʘʶʪ ʯʠʩʣʦʚʳʤʠ (numeric), ʪʝʢʩʪʦʚʳʤʠ (character), ʣʦʛʠʯʝʩʢʠʤʠ 

(TRUE/FALSE, ʧʨʘʚʜʘ/ʣʦʞʴ), ʢʦʤʧʣʝʢʩʥʳʤʠ (ʤʥʠʤʦʝ ʯʠʩʣʦ) ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ (ʙʘʡʪʳ). 

ʇʝʨʝʤʝʥʥʳʝ PatientID , AdmDate ʠ Age ʙʫʜʫʪ ʧʨʦʯʠʪʘʥʳ R ʢʘʢ ʯʠʩʣʦʚʳʝ, ʘ Diabetes  ʠ 

Status  ï ʢʘʢ ʪʝʢʩʪʦʚʳʝ. ɽʱʝ ʚʘʤ ʥʫʞʥʦ ʙʫʜʝʪ çʩʦʦʙʱʠʪʴè ʧʨʦʛʨʘʤʤʝ, ʯʪʦ PatientID  ï ʵʪʦ 

ʥʘʟʚʘʥʠʷ ʥʘʙʣʶʜʝʥʠʡ, ʯʪʦ ʚ AdmDate ʟʘʧʠʩʘʥʳ ʜʘʪʳ ʠ ʯʪʦ Diabetes  ʠ Status  ï ʵʪʦ ʥʦʤʠʥʘʣʴʥʘʷ 

ʠ ʧʦʨʷʜʢʦʚʘʷ ʧʝʨʝʤʝʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ R ʠʤʝʥʘ ʩʪʨʦʢ ʥʘʟʳʚʘʶʪʩʷ rownames, ʘ 

ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ (ʥʦʤʠʥʘʣʴʥʳʝ ʠ ʧʦʨʷʜʢʦʚʳʝ) ʧʝʨʝʤʝʥʥʳʝ ï factor  (ʬʘʢʪʦʨ). ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʚʩʝ 

ʧʦ ʧʦʨʷʜʢʫ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. ʇʨʦ ʜʘʪʳ ʚʳ ʫʟʥʘʝʪʝ ʠʟ ʛʣʘʚʳ 3. 

2.2. ʊʠʧʳ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

 

R ʨʘʙʦʪʘʝʪ ʩ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʩʢʘʣʷʨʳ, ʚʝʢʪʦʨʳ, ʤʘʪʨʠʮʳ, ʤʘʩʩʠʚʳ 

ʜʘʥʥʳʭ, ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ ʠ ʩʧʠʩʢʠ. ʆʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʪʠʧʘʤʠ ʜʘʥʥʳʭ, ʩʧʦʩʦʙʦʤ ʩʦʟʜʘʥʠʷ, 

ʩʣʦʞʥʦʩʪʴʶ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʦʤ ʦʙʦʟʥʘʯʘʪʴ ʠ ʠʟʚʣʝʢʘʪʴ ʠʭ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʕʪʠ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2.1. 

 

ʈʠʩ. 2.1. ʊʠʧʳ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʚ R 

 



 

ʅʝʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʠʷ: 
ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʩʫʱʠʭ ʪʦʣʴʢʦ R ʪʝʨʤʠʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʚ ʟʘʤʝʰʘʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ R ʦʙʲʝʢʪʦʤ (object) ʥʘʟʳʚʘʝʪʩʷ ʚʩʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʧʝʨʝʤʝʥʥʳʭ, ʚʢʣʶʯʘʷ ʢʦʥʩʪʘʥʪʳ, ʨʘʟʥʳʝ ʪʠʧʳ 

ʜʘʥʥʳʭ, ʬʫʥʢʮʠʠ ʠ ʜʘʞʝ ʜʠʘʛʨʘʤʤʳ. ʋ ʦʙʲʝʢʪʦʚ ʝʩʪʴ ʚʠʜ (ʦʧʨʝʜʝʣʷʝʪ, ʚ ʢʘʢʦʤ ʚʠʜʝ ʦʙʲʝʢʪ ʭʨʘʥʠʪʩʷ ʚ ʧʘʤʷʪʠ) ʠ ʢʣʘʩʩ (ʢʦʪʦʨʳʡ 

ʫʢʘʟʳʚʘʝʪ ʦʙʱʠʤ ʬʫʥʢʮʠʷʤ ʪʠʧʘ print, ʢʘʢ ʩ ʥʠʤ ʦʙʨʘʱʘʪʴʩʷ). 

ʊʘʙʣʠʮʘ ʜʘʥʥʳʭ (data frame) ï ʵʪʦ ʪʠʧ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʚ R, ʘʥʘʣʦʛʠʯʥʳʡ ʪʦʤʫ ʚʠʜʫ, ʚ ʢʦʪʦʨʦʤ ʭʨʘʥʷʪʩʷ ʜʘʥʥʳʝ ʚ ʦʙʳʯʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʘʭ (ʥʘʧʨʠʤʝʨ, ʚ SAS, SPSS ʠ STATA). ʉʪʦʣʙʮʳ ï ʵʪʦ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʩʪʨʦʢʠ ï ʵʪʦ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʦʜʥʦʡ 

ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʧʝʨʝʤʝʥʥʳʝ ʨʘʟʥʳʭ ʪʠʧʦʚ (ʥʘʧʨʠʤʝʨ, ʯʠʩʣʦʚʳʝ ʠ ʪʝʢʩʪʦʚʳʝ). ʊʘʙʣʠʮʳ ʜʘʥʥʳʭ ï ʵʪʦ ʦʩʥʦʚʥʦʡ ʪʠʧ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. 

ʌʘʢʪʦʨʳ ï ʵʪʦ ʥʦʤʠʥʘʣʴʥʳʝ ʠʣʠ ʧʦʨʷʜʢʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ. ɺ R ʦʥʠ ʭʨʘʥʷʪʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ. ɺʳ ʫʟʥʘʝʪʝ 

ʙʦʣʴʰʝ ʦ ʬʘʢʪʦʨʘʭ ʠʟ ʨʘʟʜʝʣʘ 2.2.5. 

ɹʦʣʴʰʠʥʩʪʚʦ ʜʨʫʛʠʭ ʪʝʨʤʠʥʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʚʘʤ ʟʥʘʢʦʤʳ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʪʘʪʠʩʪʠʢʝ ʠ ʚ ʚʳʯʠʩʣʝʥʠʷʭ. 

 

ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʚʩʝ ʪʠʧʳ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʧʦ ʧʦʨʷʜʢʫ, ʥʘʯʠʥʘʷ ʩ ʚʝʢʪʦʨʦʚ. 

2.2.1. ɺʝʢʪʦʨʳ 

 

ɺʝʢʪʦʨʳ (vector) ï ʵʪʦ ʦʜʥʦʤʝʨʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʯʠʩʣʦʚʳʝ, ʪʝʢʩʪʦʚʳʝ 

ʠʣʠ ʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʝʢʪʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʷ ʦʙʲʝʜʠʥʝʥʠʷ c() . ɺʦʪ ʧʨʠʤʝʨʳ 

ʚʝʢʪʦʨʦʚ ʢʘʞʜʦʛʦ ʪʠʧʘ: 
a < -  c(1, 2, 5, 3, 6, - 2, 4)  

b < -  c("one", "two", "three")  

c < -  c(TRUE, TRUE, TRUE, FALSE, TRUE, FALSE)  

 

ɿʜʝʩʴ a ï ʯʠʩʣʦʚʦʡ ʚʝʢʪʦʨ, b ï ʪʝʢʩʪʦʚʳʡ ʚʝʢʪʦʨ, c  ï ʣʦʛʠʯʝʩʢʠʡ ʚʝʢʪʦʨ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, 

ʯʪʦ ʚʩʝ ʜʘʥʥʳʝ ʚ ʚʝʢʪʦʨʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʥʦʛʦ ʪʠʧʘ (ʯʠʩʣʦʚʳʝ, ʪʝʢʩʪʦʚʳʝ ʠʣʠ ʣʦʛʠʯʝʩʢʠʝ). ʅʝʣʴʟʷ 

ʩʤʝʰʠʚʘʪʴ ʜʘʥʥʳʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚ ʦʜʥʦʤ ʚʝʢʪʦʨʝ. 

 

ʇʨʠʤʝʯʘʥʠʝ. ʉʢʘʣʷʨʳ ï ʵʪʦ ʚʝʢʪʦʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ, f  <-  3, g <-  

ñUSò ʠ h <-  TRUE. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ. 

 

ʆʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ ʤʦʞʥʦ ʚʳʟʳʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʯʠʩʣʦʚʦʛʦ ʚʝʢʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʥʦʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ, ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ. ʅʘʧʨʠʤʝʨ, a[ c(2, 4)]  ʦʙʦʟʥʘʯʘʝʪ ʚʪʦʨʦʡ ʠ ʯʝʪʚʝʨʪʳʡ 

ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ a. ɺʦʪ ʝʱʝ ʧʨʠʤʝʨʳ: 

> a < -  c(1, 2, 5, 3, 6, - 2, 4)  

> a[3]  

[1] 5  

> a[c (1, 3, 5)]  

[1] 1 5 6  

> a[2:6]   

[1]  2  5  3  6 - 2 

  

ɿʥʘʢ ʜʚʦʝʪʦʯʠʷ ʚ ʧʦʩʣʝʜʥʝʤ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʠʩʝʣ. 

ʅʘʧʨʠʤʝʨ, a < -  c(2:6)  ï ʵʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ a < -  c(2, 3, 4, 5, 6) . 

 

2.2.2. ʄʘʪʨʠʮʳ 

 

ʄʘʪʨʠʮʘ (matrix) ï ʵʪʦ ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʡ ʪʠʧ 

(ʯʠʩʣʦʚʦʡ, ʪʝʢʩʪʦʚʳʡ ʠʣʠ ʣʦʛʠʯʝʩʢʠʡ). ʄʘʪʨʠʮʳ ʩʦʟʜʘʶʪ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ matrix . ʆʙʱʠʡ 

ʬʦʨʤʘʪ ʪʘʢʦʚ: 
mymatrix  <-  matrix( vector , nrow= number_of_rows , ncol= number_of_columns ,  

                    byrow= logical_value , dimnames=list(               

                    char_vector_rownames , char_vector_colnames ))  

ʛʜʝ vector  ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ, nrow  ʠ ncol  ʦʧʨʝʜʝʣʷʶʪ ʯʠʩʣʦ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʚ 

ʤʘʪʨʠʮʝ, ʘ dimnames  ʩʦʜʝʨʞʠʪ ʥʘʟʚʘʥʠʷ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ (ʠʭ ʫʢʘʟʳʚʘʪʴ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ), ʢʦʪʦʨʳʝ 



ʭʨʘʥʷʪʩʷ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʳʭ ʚʝʢʪʦʨʦʚ. ʇʘʨʘʤʝʪʨ byrow  ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢ ʜʦʣʞʥʘ ʟʘʧʦʣʥʷʪʴʩʷ ʤʘʪʨʠʮʘ ï 

ʧʦ ʩʪʨʦʢʘʤ (byrow =TRUE) ʠʣʠ ʧʦ ʩʪʦʣʙʮʘʤ (byrow =FALSE). ʇʦ ʫʤʦʣʯʘʥʠʶ ʤʘʪʨʠʮʘ ʟʘʧʦʣʥʷʝʪʩʷ 

ʧʦ ʩʪʦʣʙʮʘʤ. ʇʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ matrix . 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 2.1. ʉʦʟʜʘʥʠʝ ʤʘʪʨʠʮ 

 

> y < -  matrix(1:20, nrow=5, ncol=4)  Å¬ ʉʦʟʜʘʝʤ ʪʘʙʣʠʮʫ 5Ĭ4 

> y  

     [,1] [,2] [,3] [,4]  

[1,]    1    6   11   16  

[2,]    2    7   12   17  

[3,]    3    8   13   18  

[4 ,]    4    9   14   19  

[5,]    5   10   15   20  

> cells    < -  c(1,26,24,68)  Å­ ʊʘʙʣʠʮʘ 2Ĭ2 ʟʘʧʦʣʥʝʥʘ ʧʦ ʨʷʜʘʤ 
 

> rnames   < -  c("R1", "R2")  

> cnames   < -  c("C1", "C2")   

> mymatrix < -  matrix(cells, nrow=2, ncol=2, byrow=TRUE,  

                     dimnames=l ist(rnames, cnames))  

> mymatrix  

 

   C1 C2  

R1  1 26  

R2 24 68  

> mymatrix < -  matrix(cells, nrow=2, ncol=2, byro w=FALSE, : 

                     dimnames=list(rnames, cnames))  ® 

> mymatrix  ʊʘʙʣʠʮʘ 2Ĭ2 ʟʘʧʦʣʥʝʥʘ ʧʦ ʩʪʦʣʙʮʘʤ 

  C1 C2  

R1  1 24  

R2 26 68  

 

ʉʥʘʯʘʣʘ ʚʳ ʩʦʟʜʘʝʪʝ ʤʘʪʨʠʮʫ 5Ĭ4 ¬. ɿʘʪʝʤ ʚʳ ʜʝʣʘʝʪʝ ʤʘʪʨʠʮʫ 2Ĭ2 ʩ ʥʘʟʚʘʥʠʷʤʠ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʠ 

ʟʘʧʦʣʥʷʝʪʝ ʝʝ ʧʦ ʩʪʨʦʢʘʤ ­.  ʅʘʢʦʥʝʮ, ʚʳ ʩʦʟʜʘʝʪʝ ʤʘʪʨʠʮʫ 2Ĭ2 ʠ ʟʘʧʦʣʥʷʝʪʝ ʝʝ ʧʦ ʩʪʦʣʙʮʘʤ ®. 

ɺʳ ʤʦʞʝʪʝ ʦʙʦʟʥʘʯʘʪʴ ʩʪʨʦʢʠ, ʩʪʦʣʙʮʳ ʠ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʧʨʠ ʧʦʤʦʱʠ ʠʥʜʝʢʩʦʚ ʠ 

ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʦʢ. ʅʘʧʨʠʤʝʨ, X[ i ,]  ʦʙʦʟʥʘʯʘʝʪ i-ʪʫʶ ʩʪʨʦʢʫ ʤʘʪʨʠʮʳ X, X[, j ]  ï ʦʙʦʟʥʘʯʘʝʪ ʝʝ j-

ʪʳʡ ʩʪʦʣʙʝʮ, ʘ X[ i , j ]  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʤʝʥʪʫ ʵʪʦʡ ʤʘʪʨʠʮʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʵʪʦʡ ʩʪʨʦʢʠ ʠ ʵʪʦʛʦ ʩʪʦʣʙʮʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʝʢʩʦʚ i ʠ j ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʣʦʚʳʝ ʚʝʢʪʦʨ,r ʯʪʦʙʳ 

ʦʙʦʟʥʘʯʠʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʩʪʨʦʢ ʠʣʠ ʩʪʦʣʙʮʦʚ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʠʞʝ. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 2.2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʝʢʩʦʚ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʘʪʨʠʮʘʤʠ 

 
> x < -  matrix(1:10, nrow=2)  

> x  

     [,1] [,2] [,3] [,4] [,5]  

[1,]    1    3    5    7    9 

[2,]    2    4    6    8   10  

> x[2,]                                          

  [1]  2  4  6  8 10  

> x[,2]                                           

[1] 3 4  

> x[1,4]                                          

[1] 7  

> x[1, c(4,5)]                                    

[1] 7 9  



ʉʥʘʯʘʣʘ ʩʦʟʜʘʥʘ ʤʘʪʨʠʮʘ 2Ĭ5, ʩʦʜʝʨʞʘʱʘʷ ʮʠʬʨʳ ʦʪ 1 ʜʦ 10. ʇʦ ʫʤʦʣʯʘʥʠʶ ʤʘʪʨʠʮʘ ʟʘʧʦʣʥʝʥʘ 

ʮʠʬʨʘʤʠ ʧʦ ʩʪʦʣʙʮʘʤ. ɿʘʪʝʤ ʚʳʙʨʘʥʳ ʚʩʝ ʵʣʝʤʝʥʪʳ ʚʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ, ʘ ʟʘʪʝʤ ï ʚʩʝ ʵʣʝʤʝʥʪʳ ʚʦ 

ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ. ɿʘʪʝʤ ʚʳʙʨʘʥ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʠ ʚ ʯʝʪʚʝʨʪʦʤ ʩʪʦʣʙʮʝ. 

ʅʘʢʦʥʝʮ, ʚʳʙʨʘʥʳ ʵʣʝʤʝʥʪʳ ʧʝʨʚʦʡ ʩʪʨʦʢʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʯʝʪʚʝʨʪʦʤ ʠ ʧʷʪʦʤ ʩʪʦʣʙʮʘʭ. 

ʄʘʪʨʠʮʳ ʠʤʝʶʪ ʜʚʘ ʠʟʤʝʨʝʥʠʷ ʠ, ʢʘʢ ʠ ʚʝʢʪʦʨʳ, ʤʦʛʫʪ ʩʦʩʪʦʷʪʴ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʪʠʧʘ 

ʜʘʥʥʳʭ. ɽʩʣʠ ʝʩʪʴ ʙʦʣʴʰʝ ʜʚʫʭ ʠʟʤʝʨʝʥʠʡ, ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ (ʨʘʟʜʝʣ 2.2.3), 

ʜʘʥʥʳʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʚ ʪʘʙʣʠʮʘʭ (ʨʘʟʜʝʣ 2.2.3). 

 

2.2.3. ʄʘʩʩʠʚʳ ʜʘʥʥʳʭ 

 

ʄʘʩʩʠʚʳ ʜʘʥʥʳʭ (array) ʩʭʦʜʥʳ ʩ ʤʘʪʨʠʮʘʤʠ, ʥʦ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʴʰʝ ʜʚʫʭ ʠʟʤʝʨʝʥʠʡ. ʄʘʩʩʠʚʳ 

ʜʘʥʥʳʭ ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ array  ʧʦ ʪʘʢʦʤʫ ʦʙʨʘʟʮʫ: 
myarray < -  array( vector , dimensions , dimnames )  

ʛʜʝ vector  ʩʦʜʝʨʞʠʪ ʩʘʤʠ ʜʘʥʥʳʝ, dimensions  ï ʵʪʦ ʯʠʩʣʦʚʦʡ ʚʝʢʪʦʨ ʩ ʫʢʘʟʘʥʠʝʤ ʨʘʟʤʝʨʥʦʩʪʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠ dimnames  ï ʵʪʦ ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ ʩʧʠʩʦʢ ʥʘʟʚʘʥʠʡ ʠʟʤʝʨʝʥʠʡ. ʅʠʞʝ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʥ ʪʨʝʭʤʝʨʥʳʡ (2Ĭ3Ĭ4) 

ʤʘʩʩʠʚ ʯʠʩʝʣ. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 2.3. ʉʦʟʜʘʥʠʝ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

 
> dim1 < -  c("A1", "A2")  

> dim2 < -  c("B1", "B2", "B3")  

> dim3 < -  c("C1", "C2", "C3", "C4")  

> z < -  array(1:24, c(2, 3, 4), dimname s=list(dim1, dim2, dim3))  

> z  

, , C1  

   B1 B2 B3  

A1  1  3  5  

A2  2  4  6  

, , C2  

   B1 B2 B3  

A1  7  9 11  

A2  8 10 12  

, , C3  

   B1 B2 B3  

A1 13 15 17  

A2 14 16 18  

, , C4  

   B1 B2 B3  

A1 19 21 23  

A2 20 22 24   

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ï ʵʪʦ ʧʨʦʩʪʦ ʨʘʩʰʠʨʝʥʥʳʝ ʤʘʪʨʠʮʳ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ 

ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʂʘʢ ʠ ʚ ʤʘʪʨʠʮʘʭ, ʚʩʝ ʵʣʝʤʝʥʪʳ 

ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʡ ʪʠʧ. ʉʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʟʜʝʩʴ ʪʘʢʘʷ ʞʝ, ʢʘʢ 

ʜʣʷ ʤʘʪʨʠʮ. ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ ʵʣʝʤʝʥʪ z[1,2,3]  ï ʵʪʦ 15. 

 

2.2.4. ʊʘʙʣʠʮʳ ʜʘʥʥʳʭ 

 

ʊʘʙʣʠʮʘ ʜʘʥʥʳʭ (data frame) ï ʵʪʦ ʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʨʠʮʝʡ ʦʙʲʝʢʪ, 

ʧʦʩʢʦʣʴʢʫ ʨʘʟʥʳʝ ʩʪʦʣʙʮʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʨʘʟʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ (ʯʠʩʣʦʚʦʡ, ʪʝʢʩʪʦʚʳʡ ʠ ʪ.ʜ.). 

ʊʘʙʣʠʮʘ ʜʘʥʥʳʭ ï ʵʪʦ ʩʘʤʘʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʚ R. 



ʅʘʙʦʨ ʜʘʥʥʳʭ ʧʨʦ ʧʘʮʠʝʥʪʦʚ (ʪʘʙʣ. 2.1) ʩʦʩʪʦʠʪ ʠʟ ʯʠʩʣʦʚʳʭ ʠ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʕʪʠ 

ʜʘʥʥʳʝ ʥʫʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ, ʘ ʥʝ ʤʘʪʨʠʮʳ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʝʩʪʴ ʜʘʥʥʳʝ 

ʨʘʟʥʳʭ ʪʠʧʦʚ. 

ʊʘʙʣʠʮʘ ʜʘʥʥʳʭ ʩʦʟʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ data . frame () : 

mydata < -  data.frame( col1, col2, col3,é) , 

ʛʜʝ ï col 1, col 2, col 3,é ʵʪʦ ʚʝʢʪʦʨʳ ʣʶʙʦʛʦ ʪʠʧʘ (ʪʝʢʩʪʦʚʦʛʦ, ʯʠʩʣʦʚʦʛʦ ʠʣʠ ʣʦʛʠʯʝʩʢʦʛʦ), 

ʢʦʪʦʨʳʝ ʩʪʘʥʫʪ ʩʪʦʣʙʮʘʤʠ ʪʘʙʣʠʮʳ. ʅʘʟʚʘʥʠʷ ʢʘʞʜʦʤʫ ʩʪʦʣʙʮʫ ʤʦʞʥʦ ʧʨʠʩʚʦʠʪʴ ʧʨʠ ʧʦʤʦʱʠ 

ʬʫʥʢʮʠʠ names() . ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʩʢʘʟʘʥʥʦʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 2.4. ʉʦʟʜʘʥʠʝ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ 

 
> patientID < -  c(1, 2, 3, 4)  

> age < -  c(25, 34, 28, 52)  

> diabetes < -  c("Type1", "Type2", "Type1", "Type1")  

> status < -  c("P oor", "Improved", "Excellent", "Poor")  

> patientdata < -  data.frame(patientID, age, diabetes, status)  

> patientdata  

  patientID age diabetes    status  

1         1  25    Type1      Poor  

2         2  34    Type2  Improved  

3         3  28    Type1 Excellent  

4         4  52    Type1      Poor  

 

ʂʘʞʜʳʡ ʩʪʦʣʙʝʮ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʪʠʧʘ, ʧʨʠ ʵʪʦʤ ʚ ʦʜʥʦʡ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ 

ʤʦʛʫʪ ʙʳʪʴ ʩʪʦʣʙʮʳ ʩ ʜʘʥʥʳʤʠ ʨʘʟʥʦʛʦ ʪʠʧʘ. ʇʦʩʢʦʣʴʢʫ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʪʦʤʫ, ʯʪʦ 

ʘʥʘʣʠʪʠʢʠ ʥʘʟʳʚʘʶʪ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ, ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʪʘʙʣʠʮ ʜʘʥʥʳʭ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʨʤʠʥʳ ʩʪʦʣʙʮʳ ʠ ʧʝʨʝʤʝʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʦʥʠʤʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʦʙʦʟʥʘʯʠʪʴ ʵʣʝʤʝʥʪʳ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʜʝʢʩʳ, ʢʘʢ ʤʳ ʜʝʣʘʣʠ ʨʘʥʴʰʝ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʘʪʨʠʮ) ʠʣʠ ʤʦʞʥʦ ʫʢʘʟʳʚʘʪʴ ʥʦʤʝʨʘ ʩʪʦʣʙʮʦʚ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʥʘ ʧʨʠʤʝʨʝ ʩʦʟʜʘʥʥʦʡ ʨʘʥʴʰʝ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ patientdata  

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʙʘ ʩʧʦʩʦʙʘ. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 2.5. ʆʙʦʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ 

 
> patientdata[1:2]  

  patientID age  

1         1  25  

2         2  34  

3         3  28  

4         4  52 

> patientdata[c("diabetes", "status")]  

  diabetes    status  

1    Type1      Poor  

2    Type2  Improved  

3    Type1 Excellent   

4    Type1      Poor  

> patientdata$age  

[1] 25 34 28 52  

 



ɿʥʘʢ $ ʠʟ ʪʨʝʪʴʝʛʦ ʧʨʠʤʝʨʘ ʨʘʥʴʰʝ ʥʘʤ ʥʝ ʚʩʪʨʝʯʘʣʩʷ ¬. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦʙʳ ʦʙʦʟʥʘʯʠʪʴ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʝʨʝʤʝʥʥʫʶ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʳ ʟʘʭʦʪʠʪʝ ʩʜʝʣʘʪʴ ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ 

ʪʠʧʦʚ ʜʠʘʙʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʙʦʣʴʥʦʛʦ, ʚʳ ʤʦʞʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ: 
> table(patientdata$diabetes, patientdata$st atus)  

      

        Excellent Improved Poor  

  Type 1         1        0    2                

  Type 2         0        1    0                Å¬ ʆʙʦʟʥʘʯʘʝʤ ʧʝʨʝʤʝʥʥʫʶ age 

                                                                                                         (ʚʦʟʨʘʩʪ)ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ patientdata 

 

ʇʦʩʢʦʣʴʢʫ ʜʦʙʘʚʣʝʥʠʝ patientdata$  ʧʝʨʝʜ ʥʘʟʚʘʥʠʝʤ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ ʤʦʞʝʪ ʙʳʩʪʨʦ 

ʥʘʜʦʝʩʪʴ, ʩʫʱʝʩʪʚʫʶʪ ʢʦʤʘʥʜʳ ʜʣʷ ʙʳʩʪʨʦʛʦ ʚʳʟʦʚʘ ʧʝʨʝʤʝʥʥʦʡ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʜʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ attach ()  ʠ detach ()  ʠʣʠ with () . 

 

Attach, detach ʠ with 

 

ʌʫʥʢʮʠʷ attach ()  ʜʦʙʘʚʣʷʝʪ ʫʢʘʟʘʥʥʫʶ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ ʢ ʪʨʘʝʢʪʦʨʠʠ ʧʦʠʩʢʘ R. ʂʦʛʜʘ 

ʫʢʘʟʳʚʘʝʪʩʷ ʠʤʷ ʧʝʨʝʤʝʥʥʦʡ, ʧʨʦʛʨʘʤʤʘ ʠʱʝʪ ʵʪʫ ʧʝʨʝʤʝʥʥʫʶ ʚ ʪʘʙʣʠʮʘʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ 

ʪʨʘʝʢʪʦʨʠʶ ʧʦʠʩʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʚʟʷʪʴ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ mtcars  ʠʟ ʛʣʘʚʳ 1, ʠʩʧʦʣʴʟʫʷ 

ʩʣʝʜʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʯʪʦʙʳ ʫʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ (mpg), ʘ ʪʘʢʞʝ 

ʠʟʦʙʨʘʟʠʪʴ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʘ ʜʠʘʛʨʘʤʤʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʮʠʣʠʥʜʨʦʚ 

ʜʚʠʛʘʪʝʣʷ (disp ) ʠ ʚʝʩʘ ʤʘʰʠʥʳ (wt ). 

 
summary(mtcars$mpg)  

plot(mtcars$mpg, mtcars$disp)  

plot(mtcars$mpg, mtcars$wt)  

 

ʕʪʦ ʤʦʞʥʦ ʪʘʢʞʝ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

 
attach(mtcars)  

  summary(mpg)  

  plot(mpg, disp)  

  plot(mpg, wt)  

detach(mtcars)  

 

ʌʫʥʢʮʠʷ detach ()  ʫʜʘʣʷʝʪ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ ʠʟ ʪʨʘʝʢʪʦʨʠʠ ʧʦʠʩʢʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʘ ʬʫʥʢʮʠʷ 

ʥʠʯʝʛʦ ʥʝ ʜʝʣʘʝʪ ʩ ʩʘʤʠʤ ʦʙʲʝʢʪʦʤ. ɺʚʦʜ ʵʪʦʡ ʢʦʤʘʥʜʳ ʥʝʦʙʷʟʘʪʝʣʝʥ, ʥʦ ʦʥ ʧʦʣʝʟʝʥ ʧʨʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʠ ʧʨʦ ʥʝʛʦ ʥʝ ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ. ʗ ʙʫʜʫ ʠʥʦʛʜʘ ʧʨʝʥʝʙʨʝʛʘʪʴ ʵʪʠʤ ʤʫʜʨʳʤ 

ʩʦʚʝʪʦʤ ʚ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʧʨʠʚʦʜʠʤʳʝ ʬʨʘʛʤʝʥʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʢʦʨʦʯʝ ʠ 

ʧʨʦʱʝ. 

 

ʆʛʨʘʥʠʯʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʝʩʣʠ ʫ ʥʘʩ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʦʙʲʝʢʪʦʚ ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʥʘʟʚʘʥʠʷʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ: 

 
> mpg < -  c(25, 36, 47)  

> attach(mtcars)  

The following object(s) are masked _by_ ó.GlobalEnvô:    mpg 

> plot(mpg, wt)  

Error in xy.coords(x, y, xlabel, y label, log) :  

  óxô and óyô lengths differ 

> mpg  

[1] 25 36 47  

 



ʂʦʛʜʘ ʤʳ ʜʦʙʘʚʠʣʠ ʢ ʪʨʘʝʢʪʦʨʠʠ ʧʦʠʩʢʘ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ mtcars , ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʞʝ 

ʠʤʝʣʩʷ ʦʙʲʝʢʪ ʩ ʥʘʟʚʘʥʠʝʤ mpg. ɺ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʣʫʯʘʝʪ ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʩʦʟʜʘʥ ʧʝʨʚʳʤ, ʘ ʵʪʦ ʥʝ ʪʦ, ʯʝʛʦ ʤʳ ʭʦʪʝʣʠ. ʂʦʤʘʥʜʘ plot ()  ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʧʦʪʦʤʫ ʯʪʦ mpg 

ʪʝʧʝʨʴ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ, ʘ disp  ï ʠʟ 32 ʵʣʝʤʝʥʪʦʚ. ʌʫʥʢʮʠʠ attach ()  ʠ detach ()  

ʣʫʯhʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʢʦʛʜʘ ʚʳ ʨʘʙʦʪʘʝʪʝ ʩ ʦʜʥʦʡ ʪʘʙʣʠʮʝʡ ʜʘʥʥʳʭ, ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦ, ʯʪʦ ʫ ʚʘʩ 

ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʦʙʲʝʢʪʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʠʤʝʥʘʤʠ, ʤʘʣʘ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʦʙʨʘʱʘʡʪʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʦʙʲʝʢʪʳ ʫʜʘʣʝʥʳ (ñobjects are maskedò) ʠʟ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʥʢʮʠʠ with () . ʇʨʝʜʳʜʫʱʠʡ 

ʧʨʠʤʝʨ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

 
with(mtcars, {  

  summary(mpg, disp, wt)  

  plot(mpg, disp)  

  plot(mpg, wt)  

})  

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʧʠʩʘʥʥʦʝ ʚʥʫʪʨʠ ʬʠʛʫʨʥʳʭ ʩʢʦʙʦʢ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ mtcars . ʊʝʧʝʨʴ 

ʥʘʤ ʥʝ ʧʨʠʜʝʪʩʷ ʟʘʙʦʪʠʪʴʩʷ ʦ ʢʦʥʬʣʠʢʪʝ ʥʘʟʚʘʥʠʡ. ɽʩʣʠ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʢʦʤʘʥʜʫ 

(ʥʘʧʨʠʤʝʨ, summary(mpg )), ʬʠʛʫʨʥʳʝ ʩʢʦʙʢʠ ʥʝʦʙʷʟʘʪʝʣʴʥʳ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʬʫʥʢʮʠʠ with ()  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʝ ʜʝʡʩʪʚʫʝʪ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʬʠʛʫʨʥʳʭ ʩʢʦʙʦʢ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ: 
> with(mtcars, {  

   stats < -  summary(mpg)  

   stats  

  })  

   Min. 1st Qu.  Median    Mean 3rd Qu.    Max.  

  10.40   15.43   19.20   20.09   22.80   33.90  

> stats  

Error: object óstatsô not found 

 

ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʪʴ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚʥʝ ʢʦʥʩʪʨʫʢʮʠʠ with () , 

ʠʩʧʦʣʴʟʫʡʪʝ ʩʧʝʮʠʘʣʴʥʳʡ ʩʠʤʚʦʣ ʧʨʠʩʚʦʝʥʠʷ <<-  ʚʤʝʩʪʦ ʦʙʳʯʥʦʛʦ (<- ). ʕʪʦʪ ʧʨʠʝʤ ʧʦʟʚʦʣʠʪ 

ʩʦʭʨʘʥʠʪʴ ʩʦʟʜʘʥʥʳʡ ʦʙʲʝʢʪ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʥʝ ʢʦʥʩʪʨʫʢʮʠʠ with () . ʕʪʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ 

ʥʘ ʧʨʠʤʝʨʝ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ: 
> with(mtcars, {  

   nokeepstats < -  summary(mpg)  

   keepstats << -  summary(mpg)  

})  

> nokeepstats  

Error: object ónokeepstatsô not found 

> keepstats  

   Min. 1st Qu.  Median    Mean 3rd Qu.    Max.  

    10.40   15.43   19.20   20.09   22.80   33.90  

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʫʢʦʚʦʜʩʪʚ ʧʦ R ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ wit h() , ʘ ʥʝ attach () . ʗ ʜʫʤʘʶ, ʯʪʦ 

ʚʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʪʦʤ, ʯʝʛʦ ʚʳ ʭʦʪʠʪʝ 

ʜʦʩʪʠʯʴ. ɺ ʵʪʦʡ ʢʥʠʛʝ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʝ ʢʦʤʘʥʜʳ. 

 



ʅʘʟʚʘʥʠʷ ʩʪʨʦʢ 

 

ɺ ʧʨʠʤʝʨʝ ʩ ʜʘʥʥʳʤʠ ʦ ʙʦʣʴʥʳʭ ʩʪʦʣʙʝʮ patientID ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʣʶʜʝʡ 

ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ɺ R ʥʘʟʚʘʥʠʷ ʩʪʨʦʢ ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʧʘʨʘʤʝʪʨʘ rowname  

ʬʫʥʢʮʠʠ ʩʦʟʜʘʥʠʷ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 

 
patientdata < -  data.frame(patientID, age, diabetes, status,row.names=patien tID)  

 

ʥʘʟʥʘʯʘʝʪ patientID  ʧʝʨʝʤʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʪʨʦʢ ʧʨʠ ʚʳʚʦʜʝ 

ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʥʠʠ ʜʠʘʛʨʘʤʤ ʚ R. 

 

2.2.5. ʌʘʢʪʦʨʳ 

 

ʂʘʢ ʫʞʝ ʫʟʥʘʣʠ, ʧʝʨʝʤʝʥʥʳʝ ʙʳʚʘʶʪ ʥʦʤʠʥʘʣʴʥʳʤʠ, ʧʦʨʷʜʢʦʚʳʤʠ ʠʣʠ ʥʝʧʨʝʨʳʚʥʳʤʠ. 

ʅʦʤʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ï ʵʪʦ ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʫʧʦʨʷʜʦʯʠʪʴ. ʇʝʨʝʤʝʥʥʘʷ 

Diabetes  ï ʵʪʦ ʧʨʠʤʝʨ ʥʦʤʠʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɼʘʞʝ ʝʩʣʠ ʤʳ ʦʙʦʟʥʘʯʠʤ Type  1 (ʪʠʧ 1) ʝʜʠʥʠʮʝʡ, 

ʘ Type  2 (ʪʠʧ 2) ï ʜʚʦʡʢʦʡ, ʚʩʝ ʨʘʚʥʦ ʵʪʠ ʮʠʬʨʳ ʥʝʣʴʟʷ ʙʫʜʝʪ ʩʨʘʚʥʠʚʘʪʴ ʚ ʪʝʨʤʠʥʘʭ çʙʦʣʴʰʝ ï 

ʤʝʥʴʰʝè. ʇʦʨʷʜʢʦʚʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʫʧʦʨʷʜʦʯʠʪʴ, ʥʦ ʥʝ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ʇʝʨʝʤʝʥʥʘʷ 

Status  ï ʭʦʨʦʰʠʡ ʧʨʠʤʝʨ ʧʦʨʷʜʢʦʚʳʭ ʜʘʥʥʳʭ. ʇʦʥʷʪʥʦ, ʯʪʦ ʫ ʙʦʣʴʥʦʛʦ ʩ ʧʣʦʭʠʤ (poor ) 

ʩʘʤʦʯʫʚʩʪʚʠʝʤ ʜʝʣʘ ʠʜʫʪ ʥʝ ʪʘʢ ʭʦʨʦʰʦ, ʢʘʢ ʫ ʙʦʣʴʥʦʛʦ, ʯʴʝ ʩʦʩʪʦʷʥʠʝ ʫʣʫʯʰʠʣʦʩʴ (improved ), ʥʦ 

ʥʝ ʷʩʥʦ, ʥʘʩʢʦʣʴʢʦ. ʅʝʧʨʝʨʳʚʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʀʭ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʫʧʦʨʷʜʦʯʠʪʴ ʠ ʧʦʥʷʪʴ, ʥʘʩʢʦʣʴʢʦ ʦʜʥʦ ʠʟ ʥʠʭ ʙʦʣʴʰʝ 

ʜʨʫʛʦʛʦ. ɺʦʟʨʘʩʪ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʛʦʜʘʭ, ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʪʘʢʠʝ 

ʟʥʘʯʝʥʠʷ ʢʘʢ 14.5 ʠʣʠ 22.8, ʘ ʪʘʢʞʝ ʣʶʙʳʝ ʟʥʘʯʝʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ. ɺʳ ʟʥʘʝʪʝ, ʯʪʦ 

ʧʷʪʥʘʜʮʘʪʠʣʝʪʥʠʡ ʧʦʜʨʦʩʪʦʢ ʩʪʘʨʰʝ ʯʝʪʳʨʥʘʜʮʘʪʠʣʝʪʥʝʛʦ ʥʘ ʦʜʠʥ ʛʦʜ. 

ʂʘʪʝʛʦʨʠʘʣʴʥʳʝ (ʥʦʤʠʥʘʣʴʥʳʝ ʠ ʧʦʨʷʜʢʦʚʳʝ) ʜʘʥʥʳʝ ʥʘʟʳʚʘʶʪʩʷ ʚ R ʬʘʢʪʦʨʘʤʠ. ʌʘʢʪʦʨʳ 

ʦʯʝʥʴ ʚʘʞʥʳ ʚ R, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʛʨʘʬʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ. ɺʳ ʙʫʜʝʪʝ ʚʠʜʝʪʴ ʧʨʠʤʝʨʳ ʵʪʦʛʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʢʥʠʛʠ. 

ʌʫʥʢʮʠʷ factor ()  ʭʨʘʥʠʪ ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʠʟ ʮʝʣʳʭ ʯʠʩʝʣ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ ʦʜʥʦʛʦ ʜʦ k (ʛʜʝ k ï ʯʠʩʣʦ ʫʥʠʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʘʪʝʛʦʨʠʘʣʴʥʦʡ ʧʝʨʝʤʝʥʥʦʡ) ʠ ʚ ʚʠʜʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʝʢʪʦʨʘ ʠʟ ʮʝʧʦʯʢʠ ʩʠʤʚʦʣʦʚ (ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʦʡ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʪʠʤ 

ʮʝʣʳʤ ʯʠʩʣʘʤ. 

ʂ ʧʨʠʤʝʨʫ, ʧʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ ʫ ʚʘʩ ʝʩʪʴ ʚʝʢʪʦʨ 

diabetes < -  c("Type1", "Type2", "Ty pe1", "Type1") . 

ʂʦʤʘʥʜʘ diabetes < -  factor(diabetes)  ʧʨʝʦʙʨʘʟʫʝʪ ʵʪʦʪ ʚʝʢʪʦʨ ʚ (1, 2, 1, 1) ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʥʫʪʨʝʥʥʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 1=Type1 ʠ 2=Type2 (ʧʨʠʩʚʦʝʥʠʝ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʣʬʘʚʠʪʥʦʤ ʧʦʨʷʜʢʝ). ʃʶʙʦʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʚʳ ʙʫʜʝʪʝ ʧʨʦʚʦʜʠʪʴ ʩ ʚʝʢʪʦʨʦʤ 

diabetes , ʙʫʜʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʵʪʫ ʧʝʨʝʤʝʥʥʫʶ ʢʘʢ ʥʦʤʠʥʘʣʴʥʫʶ ʠ ʚʳʙʠʨʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʜʘʥʥʳʭ. 

ɼʣʷ ʚʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʷʜʢʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʜʣʷ ʬʫʥʢʮʠʠ factor ()  ʥʫʞʥʦ 

ʜʦʙʘʚʣʷʪʴ ʧʘʨʘʤʝʪʨ ordered =TRUE. ʇʨʠʤʝʥʝʥʥʘʷ ʢ ʚʝʢʪʦʨʫ 
status < -  c("Poor", "Improved", "Excellent", "Poor")  

ʢʦʤʘʥʜʘ status  <-  factor ( status , ordered =TRUE)  ʧʨʝʦʙʨʘʟʫʝʪ ʵʪʦʪ ʚʝʢʪʦʨ ʚ ʚʠʜ (3, 2, 1, 

3) ʠ ʫʩʪʘʥʦʚʠʪ ʚʥʫʪʨʝʥʥʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʢ 1=Excellent, 2=Improved, 3= Poor. ɺʦ ʚʨʝʤʷ 

ʣʶʙʦʡ ʦʙʨʘʙʦʪʢʠ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʦʥ ʙʫʜʝʪ ʚʦʩʧʨʠʥʷʪ ʢʘʢ ʧʦʨʷʜʢʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ, ʫʨʦʚʥʠ ʬʘʢʪʦʨʘ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤ ʚʝʢʪʦʨʘ ʚ ʘʣʬʘʚʠʪʥʦʤ ʧʦʨʷʜʢʝ. ʕʪʦ 

ʩʨʘʙʦʪʘʣʦ ʜʣʷ ʬʘʢʪʦʨʘ status , ʧʦʩʢʦʣʴʢʫ ʧʦʨʷʜʦʢ ñExcellentò, ñImprovedò, ñPoorò ʠʤʝʝʪ ʩʤʳʩʣ. 

ɽʩʣʠ ʙʳ ʚʤʝʩʪʦ ñPoorò ʩʪʦʷʣʦ ñAilingò (ʯʘʭʥʫʱʠʡ), ʪʦ ʚʦʟʥʠʢʣʦ ʙʳ ʟʘʪʨʫʜʥʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʪʦʛʜʘ 

ʧʦʨʷʜʦʢ ʙʳʣ ʙʳ ʪʘʢʦʡ: ñAilingò, ñExcellentò, ñImprovedò. ʉʭʦʜʥʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʣʘ ʙʳ, ʝʩʣʠ ʙʳ ʥʘʤ 

ʙʳʣ ʥʫʞʝʥ ʪʘʢʦʡ ʧʦʨʷʜʦʢ: ñPoorò, ñImprovedò, ñExcellentò. ɼʣʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʝʜʢʦ 

ʧʦʜʭʦʜʠʪ ʘʣʬʘʚʠʪʥʳʡ ʧʦʨʷʜʦʢ ʫʨʦʚʥʝʡ, ʧʨʝʜʣʘʛʘʶʱʠʡʩʷ ʧʦ ʫʤʦʣʯʘʥʠʶ. 



ʋʩʪʘʥʦʚʢʫ ʧʦ ʫʤʦʣʯʘʥʠʶ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ, ʫʢʘʟʘʚ ʧʘʨʘʤʝʪʨ levels . ʅʘʧʨʠʤʝʨ, 
status < -  factor(status, order=TRUE,  

                 levels=c("Poor", "Improved", "Excellent"))  

ʧʨʠʩʚʦʠʪ ʫʨʦʚʥʠ ʟʥʘʯʝʥʠʷʤ ʚʝʢʪʦʨʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1=Poor, 2=Improved, 3=Excellent. 

ʇʨʦʚʝʨʴʪʝ, ʯʪʦ ʚʩʝ ʧʨʠʩʚʦʝʥʥʳʝ ʫʨʦʚʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʘʥʥʳʭ. ɺʩʝ ʟʥʘʯʝʥʠʷ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʫʢʘʟʘʥʳ, ʙʫʜʫʪ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ʦʪʩʫʪʩʪʚʫʶʱʠʝ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʦʢʘʟʳʚʘʝʪ ʢʘʢ ʥʘʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʦʚ ʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʚʣʠʷʝʪ ʥʘ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 2.6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ 

 

> patientID  <-  c(1, 2, 3, 4)  Å¬ ɺʚʦʜʠʤ ʜʘʥʥʳʝ ʢʘʢ ʚʝʢʪʦʨʳ 

> age  <-  c(25, 34, 28, 52)  

> diabetes < -  c("Type1", "Type2", "Type1", "Type1")  

> status < -  c("Poor", "Improved", "Excellent", "Poor")  

> diabetes < -  factor(diabetes)                                           

> status < -  factor(status, order=TRUE)  

> patientdata < -  data.frame(patientID, age, diabetes, status)  

> str ( patientdata )            Å­ ʉʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʘ 

ódata.frameô:   4 obs. of  4 variables:                                   

 $ patientID: num  1 2 3 4                              

 $ ag e      : num  25 34 28 52  

 $ diabetes : Factor w/ 2 levels "Type1","Type2": 1 2 1 1  
 $ status   : Ord.factor w/ 3 levels "Excellent"<"Improved"<..: 3 2 1 3  

> summary( patientdata )        Å® ʉʤʦʪʨʠʤ ʩʚʦʜʥʫʶ ʩʪʘʪʠʩʪʠʢʫ ʜʣʷ ʦʙʲʝʢʪʘ 

   patientID         age         diabetes       status  

 Min.   :1.00   Min.   :25.00   Type1:3   Excellent:1      

 1st Qu.:1.75   1st Qu.:27.25   Type2:1   Improved :1   

 Median :2.50   Median :31.00             Poor     :2   

 Mean   :2.50   Mean   :34.75                           

 3rd Qu.:3.25   3rd Qu.:38.50                           

 Max.   :4.00   Max.   :52.00  

 

ʉʥʘʯʘʣʘ ʚʳ ʚʚʦʜʠʪʝ ʜʘʥʥʳʝ ʢʘʢ ʚʝʢʪʦʨʳ ¬. ɿʘʪʝʤ ʚʳ ʫʢʘʟʳʚʘʝʪʝ, ʯʪʦ diabetes  ï ʵʪʦ ʬʘʢʪʦʨ, ʘ 

status  ï ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʬʘʢʪʦʨ. ʅʘʢʦʥʝʮ, ʚʳ ʦʙʲʝʜʠʥʷʝʪʝ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʫ. ʌʫʥʢʮʠʷ 

str ( object )  ʚʳʚʦʜʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʵʪʦ ʪʘʙʣʠʮʘ ʜʘʥʥʳʭ) ­. ʗʩʥʦ 

ʚʠʜʥʦ, ʯʪʦ diabetes  ï ʵʪʦ ʬʘʢʪʦʨ, ʘ status  ï ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʬʘʢʪʦʨ, ʪʘʢʞʝ ʫʢʘʟʘʥʦ, ʢʘʢ ʦʥ 

ʟʘʢʦʜʠʨʦʚʘʥ ʚʥʫʪʨʠ ʧʨʦʛʨʘʤʤʳ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʬʫʥʢʮʠʷ summary( )  ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʧʝʨʝʤʝʥʥʳʝ ʧʦ-ʨʘʟʥʦʤʫ ®. ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ age  ʚʳʯʠʩʣʝʥʳ ʤʠʥʠʤʫʤ (minimum, 

Min.), ʤʘʢʩʠʤʫʤ (maximum, Max.), ʩʨʝʜʥʝʝ (Mean) ʠ ʢʚʘʨʪʠʣʠ (first and third quartiles: 1st Qu., 3rd 

Qu.), ʘ ʜʣʷ ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ diabetes  ʠ status  ʧʦʜʩʯʠʪʘʥʘ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ. 

 

2.2.6. ʉʧʠʩʢʠ 

 

ʉʧʠʩʢʠ ï ʵʪʦ ʩʘʤʳʡ ʩʣʦʞʥʳʡ ʪʠʧ ʜʘʥʥʳʭ ʚ R. ʌʘʢʪʠʯʝʩʢʠ, ʩʧʠʩʦʢ ï ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʝʨʝʯʝʥʴ 

ʦʙʲʝʢʪʦʚ (ʢʦʤʧʦʥʝʥʪʦʚ). ʉʧʠʩʦʢ ʤʦʞʝʪ ʦʙʲʝʜʠʥʷʪʴ ʨʘʟʥʳʝ (ʚʦʟʤʦʞʥʦ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ) 

ʦʙʲʝʢʪʳ ʧʦʜ ʦʜʥʠʤ ʠʤʝʥʝʤ. ʂ ʧʨʠʤʝʨʫ, ʩʧʠʩʦʢ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʚʝʢʪʦʨʦʚ, 

ʤʘʪʨʠʮ, ʪʘʙʣʠʮ ʜʘʥʥʳʭ ʠ ʜʘʞʝ ʜʨʫʛʠʭ ʩʧʠʩʢʦʚ. ʉʧʠʩʦʢ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ  



list () : 

mylist < -  list( object1 , object2 , é), 

ʛʜʝ ʦʙʲʝʢʪʳ ï ʵʪʦ ʣʶʙʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʳ ʦʙʩʫʞʜʘʣʠ ʜʦ ʵʪʦʛʦ. ʆʙʲʝʢʪʘʤ ʚ ʩʧʠʩʢʝ 

ʤʦʞʥʦ ʧʨʠʩʚʘʠʚʘʪʴ ʠʤʝʥʘ: 

mylist < -  list( name1=object1 , name2=object2 , é). 

ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʩʦ ʩʧʠʩʢʘʤʠ ʧʨʠʚʝʜʝʥ ʥʠʞʝ. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 2.7. ʉʦʟʜʘʥʠʝ ʩʧʠʩʢʘ 

 
> g < -  "My First List"  

> h < -  c(25, 26, 18, 39)  

> j < -  matrix(1:10, nrow=5)  

> k < -  c("one", "two", "three")  

> mylist < -  list(title=g, ages=h, j, k)  Å ʉʦʟʜʘʝʤ ʩʧʠʩʦʢ 

> mylist   Å ɺʳʚʦʜʠʤ ʥʘ ʵʢʨʘʥ ʚʝʩʴ ʩʧʠʩʦʢ 

$title  

[1] "My First List"  

$ages  

[1] 25 26 18 39  

[[3]]  

     [,1] [,2]  

[1,]    1    6  

[2,]    2    7  

[3,]    3    8  

[4,]    4    9  

[5,]    5   10  

[[4]]  

[1] "one"   "two"   "three"  

> mylist [[2]]  Å ɺʳʚʦʜʠʤ ʥʘ ʵʢʨʘʥ ʚʪʦʨʦʡ ʦʙʲʝʢʪ ʩʧʠʩʢʘ 

[1] 25 26 18 39  

> mylist[["ages"]]  

[[1] 25 26 18 39  

 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʚʳ ʩʦʟʜʘʝʪʝ ʩʧʠʩʦʢ ʠʟ ʯʝʪʳʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʪʝʩʪʦʚʘʷ ʩʪʨʦʢʘ, ʯʠʩʣʦʚʦʡ 

ʚʝʢʪʦʨ, ʤʘʪʨʠʮʘ ʠ ʪʝʢʩʪʦʚʳʡ ʚʝʢʪʦʨ. ɺ ʚʠʜʝ ʩʧʠʩʢʘ ʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ ʣʶʙʦʝ ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ. 

ʄʦʞʥʦ ʦʙʦʟʥʘʯʘʪʴ ʵʣʝʤʝʥʪʳ ʩʧʠʩʢʘ, ʫʢʘʟʘʚ ʠʭ ʥʦʤʝʨ ʠʣʠ ʥʘʟʚʘʥʠʝ ʚʥʫʪʨʠ ʜʚʦʡʥʳʭ 

ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʦʢ. ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʠ mylist[[2]] , ʠ mylist[["ages"]]  ʦʙʦʟʥʘʯʘʶʪ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʯʠʩʣʦʚʦʡ ʚʝʢʪʦʨ ʠʟ ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʦʚ. ʉʧʠʩʢʠ ï ʵʪʦ ʚʘʞʥʳʡ ʪʠʧ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʚ R ʧʦ 

ʜʚʫʤ ʧʨʠʯʠʥʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʚʘʤ ʙʝʟ ʪʨʫʜʘ ʫʧʦʨʷʜʦʯʠʪʴ ʠ ʚʳʟʚʘʪʴ ʥʘ ʵʢʨʘʥ 

ʨʘʟʨʦʟʥʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺʦ-ʚʪʦʨʳʭ, ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʠʭ ʢʦʤʘʥʜ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʠʩʢʠ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʟʚʣʝʢʘʝʪ ʠʟ ʪʘʢʠʭ ʩʧʠʩʢʦʚ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺʳ ʩʤʦʞʝʪʝ ʫʚʠʜʝʪʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʚʨʘʱʘʶʪ ʩʧʠʩʢʠ, ʚ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ. 

 

ʀʥʬʦʨʤʘʮʠʷ ʜʣʷ ʧʨʦʛʨʘʤʤʠʩʪʦʚ 
 

ɼʣʷ ʤʥʦʛʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʷʟʳʢʘ R ʢʘʞʫʪʩʷ ʥʝʦʙʳʯʥʳʤʠ. ɺʦʪ ʥʝʩʢʦʣʴʢʦ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʟʳʢʘ R, ʦ ʢʦʪʦʨʳʭ ʚʘʤ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ: 

¶ ʪʦʯʢʘ (.) ʚ ʥʘʟʚʘʥʠʷʭ ʦʙʲʝʢʪʦʚ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ ʟʥʘʢ ʜʦʣʣʘʨʘ ($) ʠʤʝʝʪ 

ʧʨʠʤʝʨʥʦ ʪʘʢʦʝ ʞʝ ʟʥʘʯʝʥʠʝ, ʢʘʢ ʪʦʯʢʘ ʚ ʜʨʫʛʠʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʙʦʟʥʘʯʘʷ ʯʘʩʪʴ ʦʙʲʝʢʪʘ. ʅʘʧʨʠʤʝʨ, 

A$x ʦʙʦʟʥʘʯʘʝʪ ʧʝʨʝʤʝʥʥʫʶ x ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ A; 

¶ ʚ R ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʤʥʦʛʦʩʪʨʦʯʥʳʝ ʠʣʠ ʙʣʦʯʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ. ʂʘʞʜʫʶ ʩʪʨʦʢʫ ʢʦʤʤʝʥʪʘʨʠʷ ʥʫʞʥʦ 

ʥʘʯʠʥʘʪʴ ʩʦ ʟʥʘʢʘ #. ʇʨʠ ʦʪʣʘʜʢʝ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʜʦʚ ʤʦʞʥʦ ʟʘʢʣʶʯʘʪʴ ʫʯʘʩʪʦʢ ʢʦʜʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʨʦʧʫʱʝʥ ʧʨʦʛʨʘʤʤʥʳʤ ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʤ, ʚʥʫʪʨʴ ʢʦʥʩʪʨʫʢʮʠʠ if(FALSE){é}. ɿʘʤʝʥʘ FALSE ʥʘ TRUE ʩʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʚʳʧʦʣʥʝʥʠʝ ʢʦʜʘ; 



¶ ʧʨʠʩʚʦʝʥʠʝ ʟʥʘʯʝʥʠʡ ʥʝʩʫʱʝʩʪʚʫʶʱʝʤʫ ʵʣʝʤʝʥʪʫ ʚʝʢʪʦʨʘ, ʤʘʪʨʠʮʳ, ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʠʣʠ ʩʧʠʩʢʘ ʨʘʩʰʠʨʠʪ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʙʲʝʢʪ, ʯʪʦʙʳ ʚʤʝʩʪʠʪʴ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ: 

> x <- c(8, 6, 4) 

> x[7] <- 10 

> x 

[1]  8  6  4 NA NA NA 10 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʚʦʝʥʠʷ ʨʘʟʤʝʨ ʚʝʢʪʦʨʘ x ʫʚʝʣʠʯʠʣʩʷ ʩ ʪʨʝʭ ʜʦ ʩʝʤʠ ʵʣʝʤʝʥʪʦʚ; 

¶ ʚ R ʥʝʪ ʩʢʘʣʷʨʦʚ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ; 

¶ ʥʫʤʝʨʘʮʠʷ ʚ R ʥʘʯʠʥʘʝʪʩʷ ʩ 1, ʘ ʥʝ ʩ 0. ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʚʝʢʪʦʨʝ ʵʣʝʤʝʥʪ x[1] ï ʵʪʦ 8. 
 

ɼʘʣʴʥʝʡʰʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʟʘʛʣʷʥʫʚ ʚ ʧʨʝʚʦʩʭʦʜʥʳʡ ʙʣʦʛ ɼʞʦʥʘ ʂʫʢʘ (John Cook) 

çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ R ʜʣʷ ʪʝʭ, ʢʪʦ ʨʘʥʴʰʝ ʨʘʙʦʪʘʣ ʩ ʜʨʫʛʠʤʠ ʷʟʳʢʘʤʠè 

(www.johndcook.com/R_language_for_programmers.html) $$ ʕʪʦ ʠ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʨʫʢʦʚʦʜʩʪʚʘ, 

ʫʧʦʤʷʥʫʪʳʝ ʚ ʢʥʠʛʝ, ʥʘʧʠʩʘʥʳ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ʇʨʠʤ. ʧʝʨ.$$. 

 

ʇʨʦʛʨʘʤʤʠʩʪʳ, ʢʦʪʦʨʳʤ ʥʫʞʥʦ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʩʪʠʣʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʞʝ ʤʦʛʫʪ ʟʘʛʣʷʥʫʪʴ ʚ 

çʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʩʪʠʣʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ Rè ʦʪ Google (http://google-

styleguide.googlecode.com/svn/trunk/google-r-style.html). 

 

2.3. ɺʚʦʜ ʜʘʥʥʳʭ 

 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʫ ʥʘʩ ʝʩʪʴ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʥʫʞʥʦ ʥʘʧʦʣʥʠʪʴ ʠʭ ʜʘʥʥʳʤʠ! ʆʙʳʯʥʦ ʘʥʘʣʠʪʠʢʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʪʘʭ. ɿʘʜʘʯʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʫ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʦʪʯʝʪ 

ʦ ʨʝʟʫʣʴʪʘʪʘʭ. ɺ R ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ. ʀʩʯʝʨʧʳʚʘʶʱʝʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ 

ʠʤʧʦʨʪʫ ʜʘʥʥʳʭ ʚ R ʜʦʩʪʫʧʥʦ ʚ ʀʥʪʝʨʥʝʪ ʧʦ ʘʜʨʝʩʫ: http://cran.r-project.org/doc/manuals/R-data.pdf. 

  

ʈʠʩ. 2.2. ʀʩʪʦʯʥʠʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ R  

 
ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2.2, ʚ R ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʜʘʥʥʳʝ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʠʟ ʪʝʢʩʪʦʚʳʭ 

ʬʘʡʣʦʚ, ʠʟ Microsoft Excel ʠ Access, ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʪʦʚ, ʘ ʪʘʢʞʝ ʠʟ ʨʘʟʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ʇʦʩʢʦʣʴʢʫ 

ʥʠʢʦʛʜʘ ʥʝʣʴʟʷ ʫʛʘʜʘʪʴ, ʦʪʢʫʜʘ ʚʳ ʧʦʣʫʯʠʪʝ ʜʘʥʥʳʝ, ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʟʜʝʩʴ ʚʩʝ ʠʩʪʦʯʥʠʢʠ ʧʦ ʧʦʨʷʜʢʫ. 

ɺʘʤ ʥʫʞʥʦ ʧʨʦʯʝʩʪʴ ʪʦʣʴʢʦ ʧʨʦ ʪʝ, ʢʦʪʦʨʳʝ ʚʳ ʩʦʙʠʨʘʝʪʝʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

 

2.3.1 ɺʚʦʜ ʜʘʥʥʳʭ ʩ ʢʣʘʚʠʘʪʫʨʳ 

 

ʅʘʚʝʨʥʦʝ, ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʚʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ï ʵʪʦ ʚʚʦʜ ʩ ʢʣʘʚʠʘʪʫʨʳ. ʌʫʥʢʮʠʷ edit ()  

ʦʪʢʨʦʝʪ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ, ʢʫʜʘ ʚʳ ʩʤʦʞʝʪʝ ʚʥʝʩʪʠ ʩʚʦʠ ʜʘʥʥʳʝ. ɺʦʪ ʧʦʰʘʛʦʚʘʷ ʠʥʩʪʨʫʢʮʠʷ: 

1. ʉʦʟʜʘʡʪʝ ʧʫʩʪʫʶ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ (ʠʣʠ ʤʘʪʨʠʮʫ), ʫʢʘʟʘʚ ʥʘʟʚʘʥʠʷ ʠ ʪʠʧʳ ʧʝʨʝʤʝʥʥʳʭ. 

2. ʆʪʢʨʦʡʪʝ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ ʩ ʵʪʠʤ ʦʙʲʝʢʪʦʤ, ʚʚʝʜʠʪʝ ʚʘʰʠ ʜʘʥʥʳʝ ʠ ʩʦʭʨʘʥʠʪʝ ʨʝʟʫʣʴʪʘʪ ʚ 

ʚʠʜʝ ʦʙʲʝʢʪʘ ʩ ʜʘʥʥʳʤʠ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʥʠʞʝ ʧʨʠʤʝʨʝ ʚʳ ʩʦʟʜʘʜʠʪʝ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ ʩ ʥʘʟʚʘʥʠʝʤ mydata  ʩ ʪʨʝʤʷ 

ʧʝʨʝʤʝʥʥʳʤʠ: age  (ʚʦʟʨʘʩʪ, ʯʠʩʣʦʚʘʷ), gender  (ʧʦʣ, ʪʝʢʩʪʦʚʘʷ) ʠ weight  (ʚʝʩ, ʯʠʩʣʦʚʘʷ). ɿʘʪʝʤ ʚʳ 

ʦʪʢʨʦʝʪʝ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ, ʚʥʝʩʝʪʝ ʜʘʥʥʳʝ ʠ ʩʦʭʨʘʥʠʪʝ ʨʝʟʫʣʴʪʘʪ. 



mydata < -  data.frame(age=numeric(0),            

  gender=character(0), weight=numeric(0))  

mydata < -  edit(mydata)  

 

ʇʨʠʩʚʦʝʥʠʷ ʪʠʧʘ age=numeric (0)  ʩʦʟʜʘʶʪ ʧʫʩʪʫʶ (ʙʝʟ ʜʘʥʥʳʭ) ʧʝʨʝʤʝʥʥʫʶ ʟʘʜʘʥʥʦʛʦ ʬʦʨʤʘʪʘ. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʚʥʦʚʴ ʧʨʠʩʚʦʝʥ ʠʩʭʦʜʥʦʤʫ ʦʙʲʝʢʪʫ. 

ʌʫʥʢʮʠʷ edit ()  ʨʘʙʦʪʘʝʪ ʩ ʢʦʧʠʝʡ ʦʙʲʝʢʪʘ. ɽʩʣʠ ʚʳ ʥʝ ʧʨʠʩʚʦʠʪʝ ʨʝʟʫʣʴʪʘʪ ʝʝ ʨʘʙʦʪʳ ʢʘʢʦʤʫ-ʣʠʙʦ 

ʦʙʲʝʢʪʫ, ʚʩʝ ʚʘʰʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʧʘʜʫʪ! ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ edit () ʧʦʜ Windows ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 2.3. 

 

ʈʠʩ. 2.3. ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʚʩʪʨʦʝʥʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ ʧʦʜ Windows 

 
ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʷ ʚʟʷʣ ʥʘ ʩʝʙʷ ʩʤʝʣʦʩʪʴ ʜʦʙʘʚʠʪʴ ʥʝʤʥʦʛʦ ʜʘʥʥʳʭ. ɽʩʣʠ ʱʝʣʢʥʫʪʴ ʥʘ 

ʥʘʟʚʘʥʠʝ ʩʪʦʣʙʮʘ, ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʥʘʟʚʘʥʠʝ ʠ ʪʠʧ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ. ʄʦʞʥʦ ʜʦʙʘʚʣʷʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʱʝʣʢʘʷ ʥʘ ʥʘʟʚʘʥʠʷ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʩʪʦʣʙʮʦʚ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʳ 

ʟʘʢʨʳʚʘʝʪʝ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ, ʨʝʟʫʣʴʪʘʪʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʚʠʜʝ ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ (ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʙʲʝʢʪ mydata ). ʇʦʚʪʦʨʥʦʝ ʚʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ mydata < -  edit(mydata )  ʧʦʟʚʦʣʷʝʪ 

ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʚʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ. ʉʦʢʨʘʱʝʥʥʘʷ ʚʝʨʩʠʷ ʢʦʤʘʥʜʳ mydata < -  

edit(mydata )  ï ʵʪʦ ʧʨʦʩʪʦ fix ( mydata ) . 

ʕʪʦʪ ʤʝʪʦʜ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʜʣʷ ʤʘʣʝʥʴʢʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. ɼʣʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʙʦʣʴʰʝʛʦ 

ʨʘʟʤʝʨʘ ʚʘʤ, ʚʦʟʤʦʞʥʦ, ʟʘʭʦʯʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʠʩʘʥʥʳʝ ʥʠʞʝ ʤʝʪʦʜʳ: ʠʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ Excel, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʠʣʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

 

2.3.2. ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʩ ʨʘʟʜʝʣʠʪʝʣʷʤʠ 

 

ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ ʩ ʨʘʟʜʝʣʠʪʝʣʷʤʠ ʚʦʟʤʦʞʝʥ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ 

read . table () , ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʝʪ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ. ɺʦʪ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʫʥʢʮʠʠ: 
mydataframe < -  read.table( file , header= logical_value ,  

  sep=" delimiter ", row.names= " name")  



ʛʜʝ file  ï ʵʪʦ ASCII (American Standard Code for Information Interchange ï ʘʤʝʨʠʢʘʥʩʢʠʡ 

ʩʪʘʥʜʘʨʪʥʳʡ ʢʦʜ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ) ʬʘʡʣ ʩ ʨʘʟʜʝʣʠʪʝʣʷʤʠ, header  ï ʵʪʦ ʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, 

ʦʙʦʟʥʘʯʘʶʱʝʝ, ʩʦʜʝʨʞʠʪ ʣʠ ʧʝʨʚʘʷ ʩʪʨʦʢʘ ʥʘʟʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ (TRUE ï ʜʘ, FALSE ï ʥʝʪ), sep  

ʫʢʘʟʳʚʘʝʪ, ʢʘʢʠʤ ʩʠʤʚʦʣʦʤ ʨʘʟʜʝʣʝʥʳ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ, ʘ row . names ï ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, 

ʜʣʷ ʫʢʘʟʘʥʠʷ ʩʪʦʣʙʮʘ (ʩʪʦʣʙʮʦʚ), ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩʷ ʥʘʟʚʘʥʠʷ ʩʪʨʦʢ. 

ʅʘʧʨʠʤʝʨ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 
grades < -  read.table("studentgrades.csv", head er=TRUE, sep=",",  

  row.names="STUDENTID")  

ʧʦʟʚʦʣʷʝʪ ʧʨʦʯʝʩʪʴ ʬʘʡʣ ʩ ʨʘʟʜʝʣʠʪʝʣʷʤʠ-ʟʘʧʷʪʳʤʠ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ studentgrades.csv , ʠʟ 

ʪʝʢʫʱʝʡ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ ʠ ʩʦʭʨʘʥʠʪʴ ʝʛʦ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ ʩ ʥʘʟʚʘʥʠʝʤ grades . ɺ ʵʪʦʤ 

ʬʘʡʣʝ ʥʘʟʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ, ʘ ʥʘʟʚʘʥʠʷ ʩʪʨʦʢ ï ʚ ʩʪʦʣʙʮʝ ʩ ʥʘʟʚʘʥʠʝʤ 

STUDENTID. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ sep  ʧʦʟʚʦʣʷʝʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʬʘʡʣʳ 

ʩ ʣʶʙʳʤʠ ʩʠʤʚʦʣʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʝʡ. ʌʘʡʣʳ ʩ ʩʠʤʚʦʣʦʤ ʪʘʙʫʣʷʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʷ 

ʤʦʞʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ, ʫʢʘʟʘʚ sep=ò\ t ò. ʇʦ ʫʤʦʣʯʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ sep=òò, ʦʙʦʟʥʘʯʘʶʱʠʡ 

ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʝʣʦʚ, ʩʠʤʚʦʣʦʚ ʪʘʙʫʣʷʮʠʠ, ʩʠʤʚʦʣʦʚ ʥʦʚʦʡ ʩʪʨʦʢʠ ʠʣʠ ʚʦʟʚʨʘʪʘ ʢʘʨʝʪʢʠ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʪʝʢʩʪʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʬʘʢʪʦʨʳ. ʕʪʦ ʥʝ ʚʩʝʛʜʘ ʫʤʝʩʪʥʦ 

(ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʢʦʤʤʝʥʪʘʨʠʠ ʨʝʩʧʦʥʜʝʥʪʘ). ʊʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʤʦʞʥʦ ʟʘʙʣʦʢʠʨʦʚʘʪʴ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɼʦʙʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ stringsAsFactors=FALSE  ʥʝ 

ʧʦʟʚʦʣʠʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚ ʬʘʢʪʦʨʳ ʚʩʝ ʪʝʢʩʪʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨ colClasses  ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʢʘʟʘʪʴ ʬʦʨʤʘʪ (ʥʘʧʨʠʤʝʨ, ʣʦʛʠʯʝʩʢʠʡ, 

ʯʠʩʣʦʚʦʡ, ʪʝʢʩʪʦʚʳʡ, ʬʘʢʪʦʨ) ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ. 

ʋ ʬʫʥʢʮʠʠ read . table ()  ʝʩʪʴ ʤʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʤʧʦʨʪ ʜʘʥʥʳʭ. ʇʦʜʨʦʙʥʝʝ ʦʙ ʵʪʦʤ ʤʦʞʥʦ ʧʨʦʯʝʩʪʴ, ʚʚʝʜʷ 

help(read.table) . 

 

ʇʨʠʤʝʯʘʥʠʝ. ʄʥʦʛʠʝ ʧʨʠʤʝʨʳ ʚ ʵʪʦʡ ʛʣʘʚʝ ʦʩʥʦʚʘʥʳ ʥʘ ʠʤʧʦʨʪʝ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ 

ʬʘʡʣʦʚ. ɺ R ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦʚ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʀʥʪʝʨʥʝʪʘ. ʅʘʧʨʠʤʝʨ, 

ʚʤʝʩʪʦ ʠʤʝʥʠ ʬʘʡʣʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ file() , gzfile() , bzfile() , xzfile() , 

unz()  ʠ url() . ʌʫʥʢʮʠʷ file()  ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʬʘʡʣʘʤ, ʙʫʬʝʨʫ ʦʙʤʝʥʘ ʠ ʉʀ-

ʫʨʦʚʥʝʚʦʤʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʚʚʦʜʫ (ʘʥʛʣ. C-level standard input). ʌʫʥʢʮʠʠ gzfile() , bzfile() , 

xzf ile() ʠ unz()  ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʩʞʘʪʳʤ ʬʘʡʣʘʤ. ʌʫʥʢʮʠʷ url()  

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʬʘʡʣʘʤ ʚ ʀʥʪʝʨʥʝʪʝ ʯʝʨʝʟ ʧʦʣʥʳʡ URL-ʘʜʨʝʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ http://, 

ftp:// ʠʣʠ file://. ɼʣʷ HTTP ʠʣʠ FTP ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʧʨʦʛʨʘʤʤʳ-ʧʦʩʨʝʜʥʠʢʠ (proxy). ʇʦʣʥʳʝ URL-

ʘʜʨʝʩʘ (ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʧʨʷʤʳʝ ʢʘʚʳʯʢʠ) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʚʤʝʩʪʦ ʥʘʟʚʘʥʠʡ ʬʘʡʣʦʚ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʚʚʝʜʷ help(file) . 

2.3.3. ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ Excel 

 

ʃʫʯʰʠʡ ʩʧʦʩʦʙ ʧʨʦʯʝʩʪʴ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ Excel ï ʵʪʦ ʩʦʭʨʘʥʠʪʴ ʝʛʦ ʚ ʬʦʨʤʘʪʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʩ 

ʨʘʟʜʝʣʠʪʝʣʷʤʠ ʠ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʚ R, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʇʦʜ Windows ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤ 

Excel ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʢʝʪ RODBC. ɺ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʳ ʜʦʣʞʥʳ 

ʩʦʜʝʨʞʘʪʴʩʷ ʥʘʟʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ (ʩʪʦʣʙʮʦʚ). 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʢʘʯʘʡʪʝ ʠ ʫʩʪʘʥʦʚʠʪʝ ʧʘʢʝʪ RODBC. 
install.packages("RODBC")  

 

ʊʝʧʝʨʴ ʚʳ ʤʦʞʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ:  
library(RODBC)  

channel < -  odbcConnectExcel("myfile.xls")  

mydataframe < -  sqlFetch(channel, "mysheet")  

odbcClose(channel)  

 

ɿʜʝʩʴ myfile . xls  ï ʵʪʦ ʬʘʡʣ Excel, mysheet  ï ʵʪʦ ʥʘʟʚʘʥʠʝ ʥʫʞʥʦʛʦ ʣʠʩʪʘ ʠʟ ʨʘʙʦʯʝʡ ʢʥʠʛʠ 

Excel, channel  ï ʵʪʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʦʙʲʝʢʪ RODBC, ʩʦʟʜʘʥʥʳʡ ʬʫʥʢʮʠʝʡ 



odbcConnectExcel ()  ʠ mydataframe  ï ʵʪʦ ʧʦʣʫʯʠʚʰʘʷʩʷ ʪʘʙʣʠʮʘ ʜʘʥʥʳʭ. ʕʪʦʪ ʧʘʢʝʪ ʤʦʞʥʦ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʠʟ Microsoft Access. ʇʦʜʨʦʙʥʦʩʪʠ ʠʟʣʦʞʝʥʳ ʚ ʬʘʡʣʝ 

ʩʧʨʘʚʢʠ: help(RODBC) . 

ɺ Excel 2007 ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʘʡʣʳ ʬʦʨʤʘʪʘ XLSX, ʢʦʪʦʨʳʝ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʞʘʪʳʡ ʥʘʙʦʨ XML  ʬʘʡʣʦʚ. ɼʣʷ ʠʤʧʦʨʪʘ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ ʚ ʵʪʦʤ ʬʦʨʤʘʪʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʘʢʝʪ xlsx . ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʧʝʨʝʜ ʧʝʨʚʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳ ʩʢʘʯʘʣʠ ʠ ʫʩʪʘʥʦʚʠʣʠ ʵʪʦʪ ʧʘʢʝʪ. 

ʌʫʥʢʮʠʷ read . xlsx ()  ʦʩʫʱʝʩʪʚʣʷʝʪ ʠʤʧʦʨʪ ʥʫʞʥʦʛʦ ʣʠʩʪʘ XLSX ʬʘʡʣʘ ʚ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ. 

ʇʨʦʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʬʫʥʢʮʠʶ ʧʦ ʪʘʢʦʡ ʩʭʝʤʝ: read.xlsx( file ,  n), ʛʜʝ file  ï ʵʪʦ 

ʧʫʪʴ ʢ ʬʘʡʣʫ ʢʥʠʛʠ Excel 2007, ʘ n ï ʯʠʩʣʦ ʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ. ʅʘʧʨʠʤʝʨ, ʧʦʜ 

Windows ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 

 
library(xlsx)  

workbook < -  "c:/myworkbook.xlsx"  

mydataframe < -  read.xlsx(workbook, 1)  

 

ʠʤʧʦʨʪʠʨʫʝʪ ʧʝʨʚʳʡ ʣʠʩʪ ʢʥʠʛʠ myworkbook.xlsx , ʭʨʘʥʷʱʝʡʩʷ ʥʘ ʜʠʩʢʝ C: ʠ ʩʦʭʨʘʥʷʝʪ ʝʛʦ ʚ 

ʚʠʜʝ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ mydataframe . ʇʘʢʝʪ xlsx  ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʣʠʩʪʳ XLSX 

ʬʘʡʣʦʚ. ʆʥ ʪʘʢʞʝ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʬʘʡʣʳ ʵʪʦʛʦ ʬʦʨʤʘʪʘ ʠ ʫʧʨʘʚʣʷʪʴ ʠʤʠ. ʇʨʦʛʨʘʤʤʠʩʪʘʤ, ʧʝʨʝʜ 

ʢʦʪʦʨʳʤʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ R ʠ Excel, ʩʣʝʜʫʝʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʵʪʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʡ ʧʘʢʝʪ. 

 

2.3.4. ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ XML  ʬʘʡʣʦʚ 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʜʘʥʥʳʭ ʧʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʬʘʡʣʦʚ ʬʦʨʤʘʪʘ XML. ɺ R ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ 

ʧʘʢʝʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʘʢʠʤʠ ʬʘʡʣʘʤʠ. ʅʘʧʨʠʤʝʨ, ʧʘʢʝʪ XML, ʩʦʟʜʘʥʥʳʡ ɼʫʥʢʘʥ ʊʝʤʧʣ ʃʘʥʛ (Duncan 

Temple Lang) ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʯʠʪʘʪʴ, ʟʘʧʠʩʳʚʘʪʴ ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ XML  ʬʘʡʣʳ. 

ʆʙʩʫʞʜʝʥʠʝ ʵʪʦʛʦ ʬʦʨʤʘʪʘ ʥʝ ʚʭʦʜʠʪ ʚ ʥʘʰʫ ʟʘʜʘʯʫ. ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʚ ʨʘʙʦʪʝ ʩ XML  ʬʘʡʣʘʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ R ʨʝʢʦʤʝʥʜʫʶ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʨʝʢʨʘʩʥʦʡ ʩʧʨʘʚʦʯʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʘʢʝʪʘ ʥʘ ʩʘʡʪʝ 

www.omegahat.org/RSXML. 

 

2.3.5. ʀʟʚʣʝʯʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʚʝʙ-ʩʪʨʘʥʠʮ 

 

ʇʨʠ ʠʟʚʣʝʯʝʥʠʠ ʜʘʥʥʳʭ ʠʟ ʚʝʙ-ʩʪʨʘʥʠʮ (webscrapping) ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʣʫʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʩ ʚʝʙ-

ʩʪʨʘʥʠʮ, ʜʦʩʪʫʧʥʳʭ ʚ ʀʥʪʝʨʥʝʪʝ, ʠ ʩʦʭʨʘʥʷʶʪ ʠʭ ʚ ʚʠʜʝ ʦʙʲʝʢʪʦʚ R ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ʆʜʠʥ 

ʩʧʦʩʦʙ ʩʜʝʣʘʪʴ ʵʪʦ ï ʩʢʘʯʘʪʴ ʚʝʙ-ʩʪʨʘʥʠʮʫ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ readLines ()  ʠ ʜʘʣʴʰʝ ʨʘʙʦʪʘʪʴ ʩ 

ʥʝʡ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʡ grep ()  ʠ gsub () . ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʣʦʞʥʦ 

ʫʩʪʨʦʝʥʥʳʭ ʚʝʙ-ʩʪʨʘʥʠʮ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʢʝʪʳ RCurl  ʠ XML. ɹʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʚʢʣʶʯʘʷ ʧʨʠʤʝʨʳ, ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʫʢʦʚʦʜʩʪʚʝ ñʀʟʚʣʝʯʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʚʝʙ-ʩʪʨʘʥʠʮ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ readLines ʠ RCurlò (Webscraping using readLines and RCurl), ʜʦʩʪʫʧʥʦʤ ʥʘ ʩʘʡʪʝ 

ñʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ Rò (Programming with R: www.programmingr.com). 

 

2.3.6. ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ SPSS 

 

ʅʘʙʦʨʳ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ SPSS ʤʦʞʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʚ R ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ read . spss ()  ʠʟ 

ʧʘʢʝʪʘ foreign . ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ spss . get ()  ʠʟ ʧʘʢʝʪʘ Hmisc . ʕʪʦ 

ʠʥʪʝʨʬʝʡʩʥʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʠ 

read . spss () , ʯʪʦ ʜʝʣʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʘʡʣʦʚ ʧʨʦʱʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ. 

ɺʦ-ʧʝʨʚʳʭ, ʩʢʘʯʘʡʪʝ ʠ ʫʩʪʘʥʦʚʠʪʝ ʧʘʢʝʪ Hmisc  (ʧʘʢʝʪ foreign  ʚʭʦʜʠʪ ʚ ʙʘʟʦʚʫʶ 

ʢʦʤʧʣʝʢʪʘʮʠʶ): 
install.packages("Hmisc")  



 

ɿʘʪʝʤ ʠʩʧʦʣʴʟʫʡʪʝ ʩʣʝʜʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ: 
library(Hmisc)  

mydataframe < -  spss.get("mydata.sav", use.value.labels=TRUE)  

 

ɿʜʝʩʴ mydata.sav  ï ʵʪʦ ʬʘʡʣ ʜʘʥʥʳʭ SPSS, ʢʦʪʦʨʳʡ ʥʫʞʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ, ʧʘʨʘʤʝʪʨ 

use.value.labels=TRUE  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʝʤʝʥʥʳʝ ʩ ʧʦʜʧʠʩʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʙʫʜʫʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʬʘʢʪʦʨʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʨʦʚʥʷʤʠ, ʘ mydataframe  ï ʵʪʦ ʧʦʣʫʯʠʚʰʘʷʩʷ 

ʪʘʙʣʠʮʘ ʜʘʥʥʳʭ. 

 

2.3.7. ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ SAS 

 

ɺ R ʝʩʪʴ ʨʷʜ ʬʫʥʢʮʠʡ ʜʣʷ ʠʤʧʦʨʪʘ SAS ʬʘʡʣʦʚ, ʚʢʣʶʯʘʷ read . ssd ()  ʚ ʧʘʢʝʪʝ foreign  ʠ 

sas . get ()  ʚ ʧʘʢʝʪʝ Hmisc. ʂ ʩʦʞʘʣʝʥʠʶ, ʝʩʣʠ ʚʳ ʠʩʧʦʣʴʟʫʝʪʝ ʧʦʩʣʝʜʥʶʶ ʚʝʨʩʠʶ SAS (SAS 9.1 ʠ 

ʚʳʰʝ), ʩʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʠ ʬʫʥʢʮʠʠ ʥʝ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʘ ʬʘʡʣʦʚ SAS ʙʳʣʘ 

ʠʟʤʝʥʝʥʘ. ʗ ʨʝʢʦʤʝʥʜʫʶ ʜʚʘ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

ʄʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ SAS ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʩ ʨʘʟʜʝʣʠʪʝʣʷʤʠ-ʟʘʧʷʪʳʤʠ ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ PROC EXPORT ʠ ʧʨʦʯʝʩʪʴ ʧʦʣʫʯʠʚʰʠʡʩʷ ʬʘʡʣ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.3.2. 

ɺʦʪ ʧʨʠʤʝʨ: 

 
ʇʨʦʛʨʘʤʤʘ SAS:  

proc export data=mydata  

     outfile="mydata.csv"  

     dbms=csv;  

run;  

 

ʇʨʦʛʨʘʤʤʘ R:  

mydata < -  read.table("mydata.csv", header=TRUE, sep=",")  

 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ Stat 

Transfer (ʦʧʠʩʘʥ ʚ ʨʘʟʜʝʣʝ 2.3.12). ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʟʘʤʝʯʘʪʝʣʴʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʜʘʥʥʳʭ 

SAS (ʩ ʫʯʝʪʦʤ ʬʦʨʤʘʪʘ ʧʝʨʝʤʝʥʥʳʭ) ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʜʘʥʥʳʭ R. 

2.3.8. ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ Stata 

 

ʀʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ Stata ʚ R ʦʯʝʥʴ ʧʨʦʩʪʦ. ʅʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʤʝʨʥʦ ʪʘʢʦʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʜ: 
library(foreign)  

mydata frame < -  read.dta("mydata.dta")  

 

ɿʜʝʩʴ mydata . dta  ï ʵʪʦ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʘ mydataframe  ï ʵʪʦ ʠʪʦʛʦʚʘʷ ʪʘʙʣʠʮʘ ʜʘʥʥʳʭ R. 

 

2.3.9. ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ netCDF 

 

ɼʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ netCDF (network Common Data Form ï ʩʝʪʝʚʘʷ ʦʙʱʝʜʦʩʪʫʧʥʘʷ ʬʦʨʤʘ ʜʘʥʥʳʭ) 

ʩʦʟʜʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ Unidata ʩ ʦʪʢʨʳʪʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʜʦʤ. ʕʪʦ ʤʘʰʠʥʥʦ-ʥʝʟʘʚʠʩʠʤʳʝ 

ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʩʩʠʚʦʚ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ. ʕʪʦʪ ʬʦʨʤʘʪ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʘʢʝʪʳ ncdf  ʠ ncdf 4 ʩʦʟʜʘʶʪ ʚ R ʠʥʪʝʨʬʝʡʩ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʜʦʩʪʫʧʘ ʢ netCDF ʬʘʡʣʘʤ ʜʘʥʥʳʭ. 

ʇʘʢʝʪ ncdf  ʯʠʪʘʝʪ ʬʘʡʣʳ, ʩʦʟʜʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ Unidata ʧʨʠ ʧʦʤʦʱʠ ʙʠʙʣʠʦʪʝʢʠ netCDF 

(ʚʝʨʩʠʷ 3 ʠʣʠ ʨʘʥʴʰʝ) ʧʦʜ Windows, Mac OS X ʠ Linux. ʇʘʢʝʪ ncdf 4 ʨʘʙʦʪʘʝʪ ʠ ʩ ʯʝʪʚʝʨʪʦʡ ʚʝʨʩʠʝʡ 

ʙʠʙʣʠʦʪʝʢʠ netCDF, ʥʦ ʦʥ ʧʦʢʘ ʥʝ ʜʦʩʪʫʧʝʥ ʧʦʜ Windows. 



ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ: 
library(ncdf)  

nc < -  nc_open("mynetCDFfile")  

myarray < -  get.var.ncdf(nc, myvar)  

 

ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʚʩʝ ʜʘʥʥʳʝ ʠʟ ʧʝʨʝʤʝʥʥʦʡ myvar  ʬʘʡʣʘ netCDF mynetCDFfile  ʩʦʭʨʘʥʝʥʳ ʚ R ʚ 

ʚʠʜʝ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ myarray . 

ʋʯʪʠʪʝ, ʯʪʦ ʧʘʢʝʪʳ ncdf  ʠ ncdf 4 ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʳ ʠ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʥʝ ʪʘʢ, ʢʘʢ ʠʭ ʧʨʝʜʳʜʫʱʠʝ ʚʝʨʩʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʟʚʘʥʠʷ ʬʫʥʢʮʠʡ ʚ ʵʪʠʭ ʧʘʢʝʪʘʭ 

ʨʘʟʣʠʯʘʶʪʩʷ. ɺʩʝ ʧʦʜʨʦʙʥʦʩʪʠ ʤʦʞʥʦ ʫʟʥʘʪʴ ʠʟ ʦʥʣʘʡʥ-ʜʦʢʫʤʝʥʪʘʮʠʠ. 

 

2.3.10. ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ HDF5 

 

HDF5 (Hierarchical Data Format ï ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʬʦʨʤʘʪ ʜʘʥʥʳʭ) ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʠʤʠ ʠ ʩʣʦʞʥʳʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ. ʇʘʢʝʪ hdf5 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʦʙʲʝʢʪʦʚ R ʚ ʪʘʢʦʤ ʚʠʜʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʯʠʪʘʥ 

ʧʨʦʛʨʘʤʤʦʡ, ʨʘʙʦʪʘʶʱʝʡ ʩ ʜʘʥʥʳʤʠ ʚ ʬʦʨʤʘʪʝ HDF5. ʇʦʪʦʤ ʵʪʠ ʬʘʡʣʳ ʤʦʞʥʦ ʙʫʜʝʪ ʦʧʷʪʴ ʦʪʢʨʳʪʴ 

ʚ R. ʕʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʘʢʝʪ, ʢʦʪʦʨʳʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ HDF5 (ʚʝʨʩʠʷ 1.2 ʠʣʠ ʚʳʰʝ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʜʝʨʞʢʘ ʬʘʡʣʦʚ 

HDF5 ʚ R ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʘ. 

 

2.3.11. ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 

 

R ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (database 

management systems, DBMS), ʚʢʣʶʯʘʷ Microsoft SQL Server, Microsoft Access, MySQL, Oracle, 

PostgreSQL, DB2, Sybase, Teradata ʠ SQLite. ʅʝʢʦʪʦʨʳʝ ʧʘʢʝʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʦʩʪʫʧ ʯʝʨʝʟ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʨʘʡʚʝʨʳ ʙʘʟ ʜʘʥʥʳʭ, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʯʝʨʝʟ ODBC 

(Open Database Connectivity interface ï ʦʪʢʨʳʪʳʡ ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ) ʠʣʠ 

JDBC (Java Database Connectivity ï Java ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

R ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʭʨʘʥʷʱʠʤʩʷ ʚʦ ʚʥʝʰʥʠʭ DBMS, ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ G). ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʷʟʳʢʘ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʟʘʧʨʦʩʦʚ (Structured Query Language ï SQL), ʠ R. 

 

ʀʥʪʝʨʬʝʡʩ ODBC 

 

ʅʘʚʝʨʥʦʝ, ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʧʦʩʦʙ ʜʦʩʪʫʧʘ ʢ DBMS ʚ R ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʢʝʪʘ RODBC, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ R ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʣʶʙʦʡ DBMS, ʫ ʢʦʪʦʨʦʡ ʝʩʪʴ ʜʨʘʡʚʝʨ OBMS. ʂ ʪʘʢʠʤ 

ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʷʪʩʷ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ DBMS. 

ʇʝʨʚʳʡ ʰʘʛ ï ʵʪʦ ʫʩʪʘʥʦʚʢʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʜʭʦʜʷʱʝʛʦ ODBC ʜʨʘʡʚʝʨʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ï ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ R. ɽʩʣʠ ʥʫʞʥʳʝ ʜʨʘʡʚʝʨʳ ʝʱʝ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʚʘʰʝʤ ʢʦʤʧʴʶʪʝʨʝ, ʠʭ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʀʥʪʝʨʥʝʪʝ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʨʘʡʚʝʨʦʚ ʫʩʪʘʥʦʚʠʪʝ ʧʘʢʝʪ RODBC. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ install.packages("RODBC") . ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʵʪʦʛʦ ʧʘʢʝʪʘ 

ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣ. 2.2. 

 



ʊʘʙʣ. 2.2. ʌʫʥʢʮʠʠ ʧʘʢʝʪʘ RODBC 

 

ʌʫʥʢʮʠʷ ʆʧʠʩʘʥʠʝ 

odbcConnect( dsn ,uid="",pwd="")  ʆʪʢʨʳʚʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ODBC 

sqlFetch( channel , sqltable )  ʉʦʭʨʘʥʷʝʪ ʪʘʙʣʠʮʫ ʙʘʟʳ ʜʘʥʥʳʭ ODBC ʚ 

ʚʠʜʝ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ  

sqlQ uery( channel , query )  ʇʦʩʳʣʘʝʪ ʟʘʧʨʦʩ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ODBC ʠ 

ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʨʝʟʫʣʴʪʘʪʳ 

sqlSave( channel , mydf ,tablename 

=sqtable ,append=FALSE)  

ʉʦʭʨʘʥʷʝʪ ʠʣʠ ʦʙʥʦʚʣʷʝʪ (append =TRUE) 

ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ODBC  

sqlDrop( channel , sqtable )  ʋʜʘʣʷʝʪ ʪʘʙʣʠʮʫ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ODBC 

close( channel )  ɿʘʢʨʳʚʘʝʪ ʩʦʝʜʠʥʝʥʠʝ 

 

ʇʘʢʝʪ RODBC ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʫʩʪʦʨʦʥʥʝʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ R ʠ ʩʦʝʜʠʥʝʥʥʦʡ ʧʨʠ ʧʦʤʦʱʠ ODBC 

ʙʘʟʦʡ ʜʘʥʥʳʭ SQL. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʳ ʤʦʞʝʪʝ ʥʝ ʪʦʣʴʢʦ ʟʘʛʨʫʞʘʪʴ ʜʘʥʥʳʝ ʚ R ʠʟ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ 

ʙʘʟr ʜʘʥʥʳʭ, ʥʦ ʠ ʠʟʤʝʥʷʪʴ ʩʦʜʝʨʞʠʤʦʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ R. ɼʦʧʫʩʪʠʤ, ʚʘʤ ʥʫʞʥʦ 

ʩʦʭʨʘʥʠʪʴ ʜʚʝ ʪʘʙʣʠʮʳ (Crime ï ʧʨʝʩʪʫʧʣʝʥʠʝ ʠ Punishment ï ʥʘʢʘʟʘʥʠʝ) ʠʟ DBMS ʚ ʚʠʜʝ ʜʚʫʭ 

ʪʘʙʣʠʮ ʜʘʥʥʳʭ ʩ ʥʘʟʚʘʥʠʷʤʠ crimedat  ʠ pund at  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʠ ʧʦʤʦʱʠ 

ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ: 

 
library(RODBC)        

myconn < - odbcConnect("mydsn", uid="Rob", pwd="aardvark")  

crimedat < -  sqlFetch(myconn, Crime)      

pundat < -  sqlQuery(myconn, "select  

 from Punishment")  

close(myconn)  

 

ɿʜʝʩʴ ʚʳ ʟʘʛʨʫʞʘʝʪʝ ʧʘʢʝʪ RODBC ʠ ʦʪʢʨʳʚʘʝʪʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ODBC ʯʝʨʝʟ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʥʘʟʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ (mydsn) ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ (user identifier ï 

UID: rob ) ʠ ʧʘʨʦʣʝʤ (aardvark ). ʈʝʟʫʣʴʪʘʪ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ sqlFetch , 

ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʝʪ ʪʘʙʣʠʮʫ Crime ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ R crimedat . ɿʘʪʝʤ ʚʳ ʟʘʧʫʩʢʘʝʪʝ 

ʦʧʝʨʘʪʦʨ SQL select  ʜʣʷ ʪʘʙʣʠʮʳ Punishment ʠ ʩʦʭʨʘʥʷʝʪʝ ʨʝʟʫʣʴʪʘʪ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ pundat . 

ʅʘʢʦʥʝʮ, ʚʳ ʟʘʢʨʳʚʘʝʪʝ ʩʦʝʜʠʥʝʥʠʝ. 

ʌʫʥʢʮʠʷ sqlQuery ()  ʦʪʢʨʳʚʘʝʪ ʤʥʦʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʝ ʤʦʞʥʦ ʚʩʪʘʚʠʪʴ 

ʣʶʙʦʡ ʜʝʡʩʪʚʫʶʱʠʡ ʦʧʝʨʘʪʦʨ SQL. ʕʪʘ ʛʠʙʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʦʪʜʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, 

ʩʦʟʜʘʚʘʪʴ ʧʦʜʤʥʦʞʝʩʪʚʘ ʜʘʥʥʳʭ, ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʪʘʢʞʝ ʧʝʨʝʢʦʜʠʨʦʚʘʪʴ ʠ 

ʧʝʨʝʠʤʝʥʦʚʳʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ. 

 

ʇʘʢʝʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ DBI 

 

ʇʘʢʝʪ DBI  ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤʳʡ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʜʣʷ DBMS. ʉʦʟʜʘʥʥʳʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʘʢʝʪ RJDBC ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ DBMS ʯʝʨʝʟ ʜʨʘʡʚʝʨ 

JDBC. ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʧʝʨʝʜ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘ ʚʘʰʝʤ ʢʦʤʧʴʶʪʝʨʝ ʫʩʪʘʥʦʚʣʝʥʳ ʜʨʘʡʚʝʨʳ JDBC 

ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʙʘʟʳ ʜʘʥʥʳʭ. ɼʨʫʛʠʝ ʧʦʣʝʟʥʳʝ ʧʘʢʝʪʳ, ʩʦʟʜʘʥʥʳʝ ʥʘ 

ʙʘʟʝ DBI  ï ʵʪʦ RMySQL, ROracle, RPostgreSQL ʠ RSQLite. ʕʪʠ ʧʘʢʝʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʨʘʡʚʝʨʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʦʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʥʝ ʥʘ ʚʩʝʭ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʆʟʥʘʢʦʤʴʪʝʩʴ ʩ ʜʦʢʫʤʝʥʪʘʮʠʝʡ CRAN (http://cran.r-project.org) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʟʥʘʪʴ 

ʧʦʜʨʦʙʥʦʩʪʠ. 

 



2.3.12. ʀʤʧʦʨʪ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ Stat/Transfer 

 

ʇʨʝʞʜʝ ʯʝʤ ʤʳ ʟʘʢʦʥʯʠʤ ʦʙʩʫʞʜʝʥʠʝ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ, ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʢʦʤʤʝʨʯʝʩʢʫʶ ʧʨʦʛʨʘʤʤʫ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʵʪʫ ʟʘʜʘʯʫ. Stat/Transfer (www.stattransfer.com) ï ʵʪʦ 

ʥʝʧʨʝʚʟʦʡʜʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʜʘʥʥʳʝ ʚ ʣʶʙʦʡ ʠʟ 34 ʬʦʨʤʘʪʦʚ, 

ʚʢʣʶʯʘʷ R (ʩʤ. ʨʠʩ. 2.4). 

 

ʈʠʩ. 2.4. ʆʩʥʦʚʥʦʡ ʜʠʘʣʦʛ ʧʨʦʛʨʘʤʤʳ Stat/Transfer ʧʦʜ Windows 

 
ʉʫʱʝʩʪʚʫʶʪ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ Windows, Mac ʠ Unix, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ 

ʩʘʤʳʭ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʡ ʚʩʝʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʭ ʤʳ ʜʦ ʵʪʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠ, ʘ 

ʪʘʢʞʝ ʪʘʢʠʝ DBMS ʢʘʢ Oracle, Sybase, Informix ʠ DB/2. 

 

2.4. ɸʥʥʦʪʠʨʦʚʘʥʠʝ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ 

 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʳʯʥʦ ʘʥʥʦʪʠʨʫʶʪ ʥʘʙʦʨʳ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʦ ʣʝʛʯʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ. 

ʆʙʳʯʥʦ ʘʥʥʦʪʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʧʦʷʩʥʷʶʱʠʭ ʧʦʜʧʠʩʝʡ ʢ ʥʘʟʚʘʥʠʷʤ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʨʘʩʰʠʬʨʦʚʢʝ ʢʦʜʠʨʦʚʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ 

age  ʚʳ ʤʦʞʝʪʝ ʟʘʭʦʪʝʪʴ ʜʦʙʘʚʠʪʴ ʙʦʣʝʝ ʷʩʥʫʶ ʧʦʜʧʠʩʴ ñAge at hospitalization (in years)ò (ɺʦʟʨʘʩʪ ʚ 

ʤʦʤʝʥʪ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ (ʚ ʛʦʜʘʭ)). ɼʣʷ ʧʝʨʝʤʝʥʥʦʡ gender , ʩʦ ʟʥʘʯʝʥʠʷʤʠ 1 ʠ 2, ʫ ʚʘʩ ʤʦʞʝʪ 

ʧʦʷʚʠʪʴʩʷ ʞʝʣʘʥʠʝ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʮʠʬʨʘʤ ʥʘʜʧʠʩʠ ñmaleò (ʤʫʞʩʢʦʡ) ʠ ñfemaleò 

(ʞʝʥʩʢʠʡ). 

2.4.1. ʇʦʜʧʠʩʠ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ 

 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚʦʟʤʦʞʥʦʩʪʠ R ʧʦ ʨʘʙʦʪʝ ʩ ʧʦʜʧʠʩʷʤʠ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʳ. ʆʜʠʥ ʧʦʜʭʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʧʠʩʴ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʝʝ ʥʘʟʚʘʥʠʷ, ʘ ʦʙʦʟʥʘʯʘʪʴ 



ʵʪʫ ʧʝʨʝʤʝʥʥʫʶ ʝʝ ʥʦʤʝʨʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʥʘʰ ʧʨʝʜʳʜʫʱʠʡ ʧʨʠʤʝʨ ʩ ʜʘʥʥʳʤʠ ʦ ʧʘʮʠʝʥʪʘʭ. ɺʦ 

ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ ʩ ʥʘʟʚʘʥʠʝʤ age  ʙʳʣ ʟʘʧʠʩʘʥ ʚʦʟʨʘʩʪ ʧʘʮʠʝʥʪʦʚ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʚʧʝʨʚʳʝ ʧʦʧʘʣʠ ʚ 

ʙʦʣʴʥʠʮʫ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 

 
names(patientdata)[2] < -  "Age at hospitalization (in years)"  

 

ʧʝʨʝʠʤʝʥʦʚʳʚʘʝʪ age  ʚ "Age at hospitalization (in years)" . ʂʦʥʝʯʥʦ, ʵʪʦ ʥʦʚʦʝ 

ʥʘʟʚʘʥʠʝ ʩʣʠʰʢʦʤ ʜʣʠʥʥʦʝ, ʯʪʦʙʳ ʧʠʩʘʪʴ ʝʛʦ ʤʥʦʛʦ ʨʘʟ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʚʳ ʤʦʞʝʪʝ ʦʙʦʟʥʘʯʘʪʴ ʵʪʫ 

ʧʝʨʝʤʝʥʥʫʶ ʢʘʢ patientdata[2] , ʧʨʠ ʵʪʦʤ ʥʘʟʚʘʥʠʝ " Age at  hospitalization  ( in  

years )"  ʙʫʜʝʪ ʧʦʷʚʣʷʪʴʩʷ ʚʩʶʜʫ, ʛʜʝ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʦ ʥʘʟʚʘʥʠʝ age. ʂʦʥʝʯʥʦ, ʵʪʦ ʥʝ ʩʘʤʳʡ 

ʣʫʯʰʠʡ ʧʦʜʭʦʜ ʢ ʜʝʣʫ, ʤʦʞʝʪ ʙʳʪʴ, ʨʘʟʫʤʥʝʝ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʙʦʣʝʝ ʫʜʦʙʥʦʤ ʥʘʟʚʘʥʠʠ (ʥʘʧʨʠʤʝʨ, 

admissionAge ). 

 

2.4.2. ʈʘʩʰʠʬʨʦʚʢʘ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ 

 

ʌʫʥʢʮʠʶ factor ()  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʨʘʩʰʠʬʨʦʚʢʠ ʢ ʟʥʘʯʝʥʠʷʤ 

ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʨʦʜʦʣʞʠʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘʰ ʧʨʠʤʝʨ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʫ ʚʘʩ ʝʩʪʴ 

ʧʝʨʝʤʝʥʥʘʷ gender , ʚ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʝ male ʟʘʢʦʜʠʨʦʚʘʥʦ ʢʘʢ 1, ʘ female ï ʢʘʢ 2. ʇʦʜʧʠʩʠ ʢ 

ʟʥʘʯʝʥʠʷʤ ʵʪʦʡ ʧʝʨʝʤʝʥʥʦʡ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ: 
patientdata$gender < -  factor(patientdata$gender,  

                             levels = c(1,2),  

                             labels = c( "male", "female"))  

ɿʜʝʩʴ levels  ʫʢʘʟʳʚʘʶʪ ʨʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ, ʘ labels  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʢʩʪʦʚʳʡ 

ʚʝʢʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʘʪʩʷ ʥʫʞʥʳʝ ʧʦʜʧʠʩʠ. 

2.5. ʇʦʣʝʟʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʙʲʝʢʪʘʤʠ 

 

ɿʘʢʦʥʯʠʤ ʵʪʫ ʛʣʘʚʫ ʢʦʨʦʪʢʠʤ ʦʙʟʦʨʦʤ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʙʲʝʢʪʘʤʠ (ʩʤ. ʪʘʙʣ. 2.3). 

 

ʊʘʙʣ. 2.3. ʇʦʣʝʟʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʙʲʝʢʪʘʤʠ 

 

ʌʫʥʢʮʠʷ ʆʧʠʩʘʥʠʝ 

length( object )  ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ/ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʲʝʢʪʘ. 

dim( object )  ʏʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʦʙʲʝʢʪʘ. 

str( object )  ʉʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʘ. 

class( object )  ʂʣʘʩʩ ʠʣʠ ʪʠʧ ʦʙʲʝʢʪʘ. 

mode( object )  ʉʧʦʩʦʙ ʭʨʘʥʝʥʠʷ (ʚʠʜ) ʦʙʲʝʢʪʘ. 

names( object )  ʅʘʟʚʘʥʠʷ ʯʘʩʪʝʡ ʦʙʲʝʢʪʘ. 

c( object , object ,...)  ʆʙʲʝʜʠʥʷʝʪ ʦʙʲʝʢʪʳ ʚ ʚʝʢʪʦʨ. 

cbind( object , object , ...)  ʆʙʲʝʜʠʥʷʝʪ ʦʙʲʝʢʪʳ ʚ ʚʠʜʝ ʩʪʦʣʙʮʦʚ. 

rbind( object , object , ...)  ʆʙʲʝʜʠʥʷʝʪ ʦʙʲʝʢʪʳ ʚ ʚʠʜʝ ʩʪʨʦʢ. 

object  ɺʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʚʝʩʴ ʦʙʲʝʢʪ. 

head( object )  ɺʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʧʝʨʚʫʶ ʯʘʩʪʴ ʦʙʲʝʢʪʘ. 

tail( object )  ɺʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʧʦʩʣʝʜʥʶʶ ʯʘʩʪʴ 

ʦʙʲʝʢʪʘ. 

ls()  ɺʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʩʧʠʩʦʢ ʠʤʝʶʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ. 

rm( object , object , ...)  ʋʜʘʣʷʝʪ ʦʜʠʥ ʠʣʠ ʙʦʣʝʝ ʦʙʲʝʢʪʦʚ. ʂʦʤʘʥʜʘ 

rm(list = ls())  ʫʜʘʣʠʪ ʧʦʯʪʠ ʚʩʝ 

ʦʙʲʝʢʪʳ ʠʟ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

newobject  <-  edit( object )  ʈʝʜʘʢʪʠʨʫʝʪ ʦʙʲʝʢʪ ʠ ʩʦʭʨʘʥʷʝʪ ʨʝʟʫʣʴʪʘʪ ʚ 

ʚʠʜʝ ʥʦʚʦʛʦ ʦʙʲʝʢʪʘ. 

fix( object )  ʈʝʜʘʢʪʠʨʫʝʪ ʩʘʤ ʦʙʲʝʢʪ. 



 

ʄʳ ʫʞʝ ʦʙʩʫʜʠʣʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʂʦʤʘʥʜʳ head()  ʠ tail()  

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʦʩʤʦʪʨʘ ʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, head(patientdata)  

ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʧʝʨʚʳʝ ʰʝʩʪʴ ʩʪʨʦʢ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ, ʪʦʛʜʘ ʢʘʢ ʬʫʥʢʮʠʷ tail(patientdata)  

ʚʳʚʦʜʠʪ ʧʦʩʣʝʜʥʠʝ ʰʝʩʪʴ. ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʠ length() , cbind()  ʠ rbind()  ʚ ʩʣʝʜʫʶʱʝʡ 

ʛʣʘʚʝ. ɿʜʝʩʴ ʦʥʠ ʩʦʙʨʘʥʳ ʚʩʝ ʚʤʝʩʪʝ ʜʣʷ ʩʧʨʘʚʢʠ. 

2.6. ʈʝʟʶʤʝ 

 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ï ʵʪʦ ʠʭ ʧʦʜʛʦʪʦʚʢʘ ʢ ʘʥʘʣʠʟʫ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʚʠʥʫʣʠʩʴ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʟʥʘʢʦʤʠʚʰʠʩʴ ʩ ʨʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ ʚ R 

ʠ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʢʘʢ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʪʘʢ ʠ ʠʟ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʥʘʤ ʚʥʦʚʴ ʠ ʚʥʦʚʴ ʧʦʪʨʝʙʫʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʪʘʢʦʝ ʚʝʢʪʦʨ, 

ʤʘʪʨʠʮʘ, ʪʘʙʣʠʮʘ ʜʘʥʥʳʭ ʠ ʩʧʠʩʦʢ. ʇʨʠʦʙʨʝʪʝʥʥʳʝ ʚʘʤʠ ʫʤʝʥʠʷ ʦʙʦʟʥʘʯʘʪʴ ʵʣʝʤʝʥʪʳ ʵʪʠʭ ʩʪʨʫʢʪʫʨ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʦʢ ʦʩʦʙʝʥʥʦ ʧʨʠʛʦʜʷʪʩʷ ʧʨʠ ʚʳʙʦʨʝ, ʨʘʟʙʠʝʥʠʠ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ 

ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʜʘʥʥʳʭ. 

ʂʘʢ ʚʳ ʫʩʧʝʣʠ ʫʟʥʘʪʴ, ʚ R ʨʝʘʣʠʟʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʚʥʝʰʥʠʤ 

ʠʩʪʦʯʥʠʢʘʤ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ ʩ ʨʘʟʜʝʣʠʪʝʣʷʤʠ, ʚʝʙ-ʬʘʡʣʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʧʨʦʛʨʘʤʤʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ ʠ ʙʘʟʳ ʜʘʥʥʳʭ. ʍʦʪʷ ʮʝʣʴ ʵʪʦʡ ʛʣʘʚʳ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʧʦʟʥʘʢʦʤʠʪʴ ʚʘʩ ʩʦ ʩʧʦʩʦʙʘʤʠ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʚ R, ʵʢʩʧʦʨʪ ʜʘʥʥʳʭ ʠʟ R ʚʦ ʚʩʝ ʵʪʠ ʚʥʝʰʥʠʝ 

ʬʦʨʤʘʪʳ ʪʘʢʞʝ ʚʦʟʤʦʞʝʥ. ʕʢʩʧʦʨʪ ʜʘʥʥʳʭ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ C, ʩʧʦʩʦʙʘʤ ʨʘʙʦʪʳ ʩ 

ʙʦʣʴʰʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ (ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʝʪʩʷ ʚ ʛʠʛʘʙʘʡʪʘʭ ʠʣʠ ʪʝʨʘʙʘʡʪʘʭ) ʧʦʩʚʷʱʝʥʦ 

ʧʨʠʣʦʞʝʥʠʝ G. 

ʂʘʢ ʪʦʣʴʢʦ ʚʳ ʟʘʛʨʫʟʠʣʠ ʩʚʦʠ ʜʘʥʥʳʝ ʚ R, ʚʘʤ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʫʞʥʦ ʙʫʜʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʠʭ ʚ 

ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʜʣʷ ʨʘʙʦʪʳ ʚʠʜ (ʯʝʩʪʥʦ ʛʦʚʦʨʷ, ʷ ʯʫʚʩʪʚʫʶ ʩʝʙʷ ʚʠʥʦʚʘʪʳʤ). ɺ ʛʣʘʚʝ 4 ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʝʨʝʢʦʜʠʨʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ 

ʧʝʨʝʤʝʥʥʳʭ, ʦʙʲʝʜʠʥʝʥʠʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʠ ʚʳʙʦʨʘ ʦʪʜʝʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʆʜʥʘʢʦ ʧʨʝʞʜʝ ʯʝʤ ʤʳ ʦʙʨʘʪʠʤʩʷ ʢ ʟʘʜʘʯʘʤ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, ʜʘʚʘʡʪʝ ʧʦʩʚʷʪʠʤ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʠʭ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʄʥʦʛʠʝ ʯʠʪʘʪʝʣʠ ʚʳʙʨʘʣʠ R ʠʟ-ʟʘ ʠʥʪʝʨʝʩʘ ʢ ʝʝ 

ʛʨʘʬʠʯʝʩʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ, ʠ ʷ ʙʦʣʴʰʝ ʥʝ ʭʦʯʫ ʟʘʩʪʘʚʣʷʪʴ ʠʭ ʞʜʘʪʴ. ɺ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʤʳ ʩʨʘʟʫ 

ʧʝʨʝʡʜʝʤ ʢ ʩʦʟʜʘʥʠʶ ʜʠʘʛʨʘʤʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʦʙʱʠʤ ʤʝʪʦʜʘʤ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʥʘʩʪʨʦʡʢʠ ʜʠʘʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʢʥʠʛʠ. 

ɻʣʘʚʘ 3. ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʩ ʜʠʘʛʨʘʤʤʘʤʠ 

 

ɺ ʵʪʦʡ ʛʣʘʚʝ: 
¶ ʩʦʟʜʘʝʤ ʠ ʩʦʭʨʘʥʷʝʤ ʜʠʘʛʨʘʤʤʳ; 

¶ ʠʟʤʝʥʷʝʤ ʪʠʧ ʩʠʤʚʦʣʦʚ ʠ ʣʠʥʠʡ, ʮʚʝʪʘ ʠ ʦʩʠ; 

¶ ʜʦʙʘʚʣʷʝʤ ʪʝʢʩʪ ʠ ʥʘʟʚʘʥʠʷ; 

¶ ʦʧʨʝʜʝʣʷʝʤ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʜʠʘʛʨʘʤʤʳ; 

¶ ʦʙʲʝʜʠʥʷʝʤ ʥʝʩʢʦʣʴʢʦ ʜʠʘʛʨʘʤʤ ʚ ʦʜʥʫ. 

 

ʄʥʦʛʦ ʨʘʟ ʷ ʧʦʢʘʟʳʚʘʣ ʢʣʠʝʥʪʘʤ ʪʱʘʪʝʣʴʥʦ ʦʬʦʨʤʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ʚʠʜʝ ʯʠʩʝʣ ʠ ʪʝʢʩʪʘ, ʪʦʣʴʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ, ʢʘʢ ʫ ʥʠʭ ʦʪ ʥʝʜʦʫʤʝʥʠ ̫ʣʝʟʫʪ ʛʣʘʟʘ ʥʘ ʣʦʙ. ʊʝ 

ʞʝ ʩʘʤʳʝ ʣʶʜʠ ʩ ʚʦʩʪʦʨʛʦʤ ʚʦʩʢʣʠʮʘʣʠ ñɸʛʘ!ò, ʢʦʛʜʘ ʷ ʧʨʝʜʩʪʘʚʣʷʣ ʪʫ ʞʝ ʠʥʬʦʨʤʘʮʠʶ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ʏʘʩʪʦ ʷ ʤʦʛ ʫʚʠʜʝʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʣʠ ʚʳʷʚʠʪʴ ʦʰʠʙʢʠ ʚ ʜʘʥʥʳʭ, ʨʘʟʛʣʷʜʳʚʘʷ 

ʜʠʘʛʨʘʤʤʳ ï ʪʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʟʘʤʝʯʘʣ, ʚʳʧʦʣʥʷʷ ʙʦʣʝʝ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʃʶʜʠ ʧʨʝʢʨʘʩʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʚ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥr ʭ 

ʜʘʥʥʳʭ. ʇʨʠ ʧʦʤʦʱʠ ʭʦʨʦʰʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʪʳʩʷʯʠ ʵʣʝʤʝʥʪʦʚ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʳʷʚʠʚ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʪʘʢ-ʪʦ ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʪʴ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ʕʪʦ 

ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʳʤ ʜʦʩʪʠʞʝʥʠʷ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʛʨʘʬʠʢʝ ʦʢʘʟʘʣʠ ʪʘʢʦʝ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤ ʥʫʞʥʦ ʩʤʦʪʨʝʪʴ ʥʘ ʩʚʦʠ ʜʘʥʥʳʝ, ʠ ʵʪʦ ʦʜʥʘ ʠʟ ʦʙʣʘʩʪʝʡ, ʛʜʝ R 

ʙʣʝʩʪʷʱʝ ʩʝʙʷ ʧʦʢʘʟʘʣ. 



ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʦʙʩʫʜʠʤ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʩ ʜʠʘʛʨʘʤʤʘʤʠ. ʄʳ ʥʘʯʥʝʤ ʩ ʩʦʟʜʘʥʠʷ ʠ 

ʩʦʭʨʘʥʝʥʠʷ ʜʠʘʛʨʘʤʤ. ɿʘʪʝʤ ʤʳ ʫʟʥʘʝʤ, ʢʘʢ ʠʟʤʝʥʷʪʴ ʦʙʱʠʝ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʜʠʘʛʨʘʤʤ ʧʘʨʘʤʝʪʨʳ. 

ʉʶʜʘ ʚʭʦʜʷʪ ʥʘʟʚʘʥʠʷ ʜʠʘʛʨʘʤʤ, ʦʩʠ, ʧʦʜʧʠʩʠ, ʮʚʝʪʘ, ʣʠʥʠʠ, ʩʠʤʚʦʣʳ ʠ ʪʝʢʩʪʦʚʳʝ ʘʥʥʦʪʘʮʠʠ. ʄʳ 

ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʦʙʱʠʭ ʤʝʪʦʜʘʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʢʦ ʚʩʝʤ ʪʠʧʘʤ ʜʠʘʛʨʘʤʤ. 

3.1. ʈʘʙʦʪʘ ʩ ʜʠʘʛʨʘʤʤʘʤʠ 

 

R ï ʵʪʦ ʠʟʫʤʠʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ. ʗ ʩʧʝʮʠʘʣʴʥʦ ʠʩʧʦʣʴʟʫʶ ʩʣʦʚʦ 

çʧʦʩʪʨʦʝʥʠʝè. ɺ ʩʪʘʥʜʘʨʪʥʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʝʩʩʠʠ, ʚʳ ʩʦʟʜʘʝʪʝ ʜʠʘʛʨʘʤʤʫ, ʚʚʦʜʷ ʧʦ ʦʜʥʦʡ ʢʦʤʘʥʜʝ 

ʠ ʜʦʙʘʚʣʷʷ ʵʣʝʤʝʥʪʳ ʜʠʘʛʨʘʤʤʳ, ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʪʝ ʪʦ, ʯʪʦ ʭʦʪʝʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʧʷʪʴ ʩʪʨʦʢ: 

 
attach(mtcars)  

plot(wt, mpg)  

abline(lm(mpg~wt))  

title("Regression of MPG on Weight")  

detach(mtcars)  

 

ʇʝʨʚʘʷ ʢʦʤʘʥʜʘ ʜʦʙʘʚʣʷʝʪ ʚ ʪʨʘʝʢʪʦʨʠʶ ʧʦʠʩʢʘ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ mtcars . ɺʪʦʨʘʷ ʢʦʤʘʥʜʘ ʦʪʢʨʳʚʘʝʪ 

ʦʢʥʦ ʛʨʘʬʠʢʠ ʠ ʩʦʟʜʘʝʪ ʜʠʘʛʨʘʤʤʫ ʨʘʩʩʝʷʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʚʝʩ ʘʚʪʦʤʦʙʠʣʷ ʦʪʣʦʞʝʥ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʠ, ʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ï ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ. ʊʨʝʪʴʷ ʢʦʤʘʥʜʘ ʜʦʙʘʚʣʷʝʪ ʨʝʛʨʝʩʩʠʦʥʥʫʶ ʧʨʷʤʫʶ. 

ʏʝʪʚʝʨʪʘʷ ʢʦʤʘʥʜʘ ʜʦʙʘʚʣʷʝʪ ʥʘʟʚʘʥʠʝ. ʇʦʩʣʝʜʥʷʷ ʢʦʤʘʥʜʘ ʫʜʘʣʷʝʪ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ ʠʟ ʪʨʘʝʢʪʦʨʠʠ 

ʧʦʠʩʢʘ. ɺ R ʜʠʘʛʨʘʤʤʳ ʦʙʳʯʥʦ ʩʦʟʜʘʶʪʩʷ ʚ ʪʘʢʦʤ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʩʪʠʣʝ (ʩʤ. ʨʠʩ. 3.1). 

 

ʈʠʩ. 3.1. ʉʦʟʜʘʥʠʝ ʜʠʘʛʨʘʤʤʳ 

 
 

ɼʠʘʛʨʘʤʤʳ ʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʠʣʠ ʤʝʥʶ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʜʠʘʛʨʘʤʤʫ ʧʨʠ ʧʦʤʦʱʠ ʢʦʜʘ, ʨʘʟʤʝʩʪʠʪʝ 

ʩʦʟʜʘʶʱʠʝ ʜʠʘʛʨʘʤʤʫ ʢʦʤʘʥʜʳ ʤʝʞʜʫ ʢʦʤʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʟʥʘʯʘʶʪ ʤʝʩʪʦ ʚʳʚʦʜʘ ʠ ʟʘʢʨʳʚʘʶʪ 

ʚʳʚʦʜ. ʅʘʧʨʠʤʝʨ, ʪʘʢʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʜʠʘʛʨʘʤʤʫ ʚ ʬʦʨʤʘʪʝ PDF ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ mygraph . pdf  ʚ ʪʝʢʫʱʝʡ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ: 

 
pdf("mygraph.pdf")  

 attach(mtcars )  

 plot(wt, mpg)  

 abline(lm(mpg~wt))  

 title("Regression of MPG on Weight")  

 detach(mtcars)  

dev.off()  



ɺ ʜʦʧʦʣʥʝʥʠʠ ʢ pdf () , ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ win . metafile () , png() , jpeg () , bmp() , 

tiff () , xfig ()  ʠ postscript () , ʯʪʦʙʳ ʩʦʭʨʘʥʷʪʴ ʜʠʘʛʨʘʤʤʳ ʚ ʜʨʫʛʠʭ ʬʦʨʤʘʪʘʭ. ʋʯʪʠʪʝ, ʯʪʦ 

ʬʦʨʤʘʪ Windows metafile ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʧʦʜ Windows. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʦʭʨʘʥʝʥʠʝ ʜʠʘʛʨʘʤʤ 

ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 1.3.4 ʧʝʨʚʦʡ ʛʣʘʚʳ. 

ʉʧʦʩʦʙ ʩʦʭʨʘʥʝʥʠʷ ʜʠʘʛʨʘʤʤ ʧʨʠ ʧʦʤʦʱʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʝʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʜ Windows ʥʫʞʥʦ, ʢʦʛʜʘ ʘʢʪʠʚʠʨʦʚʘʥʦ ʦʢʥʦ 

ʛʨʘʬʠʢʠ, ʚʳʙʨʘʪʴ ʚ ʤʝʥʶ ʌʘʡʣ $$ ɺ ʨʫʩʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʠ R. ï ʇʨʠʤ. ʧʝʨ. $$  > ʉʦʭʨʘʥʠʪʴ 

ʢʘʢ, ʘ ʟʘʪʝʤ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʜʠʘʣʦʛʝ ʚʳʙʨʘʪʴ ʥʫʞʥʳʡ ʬʦʨʤʘʪ ʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʡʣʘ ʠ ʜʠʨʝʢʪʦʨʠʶ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ. ʇʦʜ Mac ʥʫʞʥʦ ʚʳʙʨʘʪʴ File > Save as ʚ ʩʪʨʦʢʝ ʤʝʥʶ, ʢʦʛʜʘ ʘʢʪʠʚʠʨʦʚʘʥʦ ʦʢʥʦ ʛʨʘʬʠʢʠ 

Quartz. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʠʘʛʨʘʤʤʫ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʬʦʨʤʘʪʝ ï PDF. ʇʦʜ Unix 

ʜʠʘʛʨʘʤʤʳ ʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ ʪʦʣʴʢʦ ʧʨʠ ʧʦʤʦʱʠ ʢʦʜʘ. ɺ ʧʨʠʣʦʞʝʥʠʠ A ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʜʨʫʛʠʝ 

ʛʨʘʬʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʅʦʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʪʘʢʠʭ ʢʘʢ 

plot () , hist ()  ʠʣʠ boxplot () , ʦʙʳʯʥʦ ʟʘʤʝʥʷʝʪ ʧʨʝʜʳʜʫʱʫʶ ʜʠʘʛʨʘʤʤʫ. ʂʘʢ ʞʝ ʩʦʟʜʘʪʴ ʙʦʣʝʝ 

ʦʜʥʦʡ ʜʠʘʛʨʘʤʤʳ ʠ ʠʤʝʪʴ ʜʦʩʪʫʧ ʢ ʢʘʞʜʦʡ ʠʟ ʥʠʭ? ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʤʦʞʥʦ ʦʪʢʨʳʪʴ ʥʦʚʦʝ ʦʢʥʦ ʛʨʘʬʠʢʠ ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʩʦʟʜʘʚʘʪʴ ʥʦʚʫʶ ʜʠʘʛʨʘʤʤʫ: 

 
dev . new()  

 ʢʦʤʘʥʜʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤʳ 1 

dev.new()  

 ʢʦʤʘʥʜʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤʳ 2 

ʠ ʪ.ʜ. 

 

ʂʘʞʜʘʷ ʥʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʙʫʜʝʪ ʧʦʷʚʣʷʪʴʩʷ ʚ ʧʦʩʣʝʜʥʝʤ ʦʪʢʨʳʪʦʤ ʦʢʥʝ. 

ɺʦ-ʚʪʦʨʳʭ, ʤʦʞʥʦ ʠʤʝʪʴ ʜʦʩʪʫʧ ʢ ʥʝʩʢʦʣʴʢʠʤ ʜʠʘʛʨʘʤʤʘʤ ʩʨʘʟʫ ʯʝʨʝʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ. ɺ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Mac ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʤʝʞʜʫ ʜʠʘʛʨʘʤʤʘʤʠ ʚ ʣʶʙʦʝ ʚʨʝʤʷ 

ʧʨʠ ʧʦʤʦʱʠ ʢʥʦʧʦʢ Back ʠ Forward  ʚ ʤʝʥʶ Quartz. ʇʦʜ Windows ʵʪʘ ʦʧʝʨʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʵʪʘʧʦʚ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʦʪʢʨʳʪʦ ʧʝʨʚʦʝ ʦʢʥʦ ʛʨʘʬʠʢʠ, ʚʳʙʝʨʠʪʝ ʚ ʤʝʥʶ ʀʩʪʦʨʠʷ ʢʦʤʘʥʜ > ɿʘʧʠʩʴ. 

ɿʘʪʝʤ ʠʩʧʦʣʴʟʫʡʪʝ ʧʫʥʢʪʳ ʤʝʥʶ ʇʨʝʜʳʜʫʱʠʡ ʠ ʉʣʝʜʫʶʱʠʡ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʝʞʜʫ ʩʦʟʜʘʥʥʳʤʠ 

ʜʠʘʛʨʘʤʤʘʤʠ. 

ɺ-ʪʨʝʪʴʠʭ ʠ ʚ-ʧʦʩʣʝʜʥʠʭ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ dev.new() , dev.next() , 

dev.prev() , dev . set ()  ʠ dev . off ()  ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʢʨʳʪʴ ʥʝʩʢʦʣʴʢʦ ʦʢʦʥ 

ʛʨʘʬʠʢʠ ʠ ʚʳʙʠʨʘʪʴ, ʢʘʢʫʶ ʜʠʘʛʨʘʤʤʫ ʦʪʢʨʳʪʴ ʚ ʢʘʢʦʤ ʦʢʥʝ. ʕʪʠ ʢʦʤʘʥʜʳ ʨʘʙʦʪʘʁʪ ʧʦʜ ʚʩʝʤʠ 

ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɺʚʝʜʠʪʝ help(dev.cur) , ʯʪʦʙʳ ʫʟʥʘʪʴ ʙʦʣʴʰʝ ʦʙ ʵʪʦʤ ʧʦʜʭʦʜʝ. 

R ʩʦʟʜʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʫʩʠʣʠʡ ʩ ʥʘʰʝʡ ʩʪʦʨʦʥʳ. 

ʆʜʥʘʢʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʯʪʦʙʳ ʥʘʟʥʘʯʘʪʴ ʰʨʠʬʪʳ, ʮʚʝʪʘ, ʪʠʧʳ ʣʠʥʠʡ, 

ʩʦʟʜʘʚʘʪʴ ʦʩʠ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʣʠʥʠʠ ʠ ʘʥʥʦʪʘʮʠʠ. ʇʦʜʦʙʥʘʷ ʛʠʙʢʦʩʪʴ ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʜ ʚʘʤʠ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʠʘʛʨʘʤʤ. 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʥʘʯʥʝʤ ʩ ʧʨʦʩʪʦʡ ʜʠʘʛʨʘʤʤʳ, ʘ ʟʘʪʝʤ ʦʙʩʫʜʠʤ, ʢʘʢ ʝʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʠ 

ʫʣʫʯʰʘʪʴ, ʯʪʦʙʳ ʜʠʘʛʨʘʤʤʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʚʘʰʠʤ ʟʘʜʘʯʘʤ. ɿʘʪʝʤ ʤʳ ʨʘʩʩʤʦʪʨʠʤ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʧʨʠʤʝʨʳ, ʢʦʪʦʨʳʝ ʠʣʣʶʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʜʠʘʛʨʘʤʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʪʝʤ ʤʝʪʦʜʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʘʤʳʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʜʠʘʛʨʘʤʤ. ʆʧʠʩʘʥʥʳʝ ʟʜʝʩʴ ʩʧʦʩʦʙʳ ʙʫʜʫʪ ʧʨʠʤʝʥʠʤʳ ʜʣʷ 

ʚʩʝʭ ʜʠʘʛʨʘʤʤ, ʦʧʠʩʘʥʥʳʭ ʚ ʵʪʦʡ ʢʥʠʛʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʟʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ lattice  

(ʛʣʘʚʘ 16). ɺ ʵʪʦʤ ʧʘʢʝʪʝ ʨʝʘʣʠʟʦʚʘʥʳ ʦʩʦʙʳʝ ʤʝʪʦʜʳ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʜʠʘʛʨʘʤʤ. ɺ ʜʨʫʛʠʭ 

ʛʣʘʚʘʭ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʩʪʘʣʴʥʳʝ ʪʠʧʳ ʜʠʘʛʨʘʤʤ ʠ ʦʙʩʫʜʠʤ, ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳ. 

 

3.2. ʇʨʦʩʪʦʡ ʧʨʠʤʝʨ 

 

ɼʘʚʘʡʪʝ ʥʘʯʥʝʤ ʩ ʧʨʦʩʪʦʛʦ ʚʳʤʳʰʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʪʘʙʣ. 3.1. ʆʥ 

ʦʧʠʩʳʚʘʝʪ ʨʝʘʢʮʠʶ ʧʘʮʠʝʥʪʘ ʥʘ ʜʚʘ ʣʝʢʘʨʩʪʚʘ ʚ ʧʷʪʠ ʜʦʟʠʨʦʚʢʘʭ. 

 



ʊʘʙʣ. 3.1. ʈʝʘʢʮʠʷ ʧʘʮʠʝʥʪʘ ʥʘ ʜʚʘ ʣʝʢʘʨʩʪʚʘ ʚ ʧʷʪʠ ʜʦʟʠʨʦʚʢʘʭ 

 

ɼʦʟʠʨʦʚʢʘ ʈʝʘʢʮʠʷ ʥʘ ʣʝʢʘʨʩʪʚʦ A ʈʝʘʢʮʠʷ ʥʘ ʣʝʢʘʨʩʪʚʦ B 

20 16 15 

30 20 18 

40 27 25 

45 40 31 

60 60 40 

 

ʕʪʠ ʜʘʥʥʳʝ ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ: 

 
dose  < -  c(20, 3 0, 40, 45, 60)  

drugA < -  c(16, 20, 27, 40, 60)  

drugB < -  c(15, 18, 25, 31, 40)  

 

ʇʨʦʩʪʦʡ ʣʠʥʝʡʥʳʡ ʛʨʘʬʠʢ, ʠʟʦʙʨʘʞʘʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʘʢʮʠʠ ʧʘʮʠʝʥʪʘ ʦʪ ʜʦʟʳ ʣʝʢʘʨʩʪʚʘ A, 

ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʪʘʢ: 

 
plot(dose, drugA, type="b")  

 

plot ()  ï ʵʪʦ ʦʙʱʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʩʪʨʦʠʪ ʜʠʘʛʨʘʤʤʳ ʚ R (ʪʦ, ʯʪʦ ʧʦʣʫʯʠʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʦʙʲʝʢʪʘ, ʢ ʢʦʪʦʨʦʤʫ ʬʫʥʢʮʠʷ ʧʨʠʤʝʥʝʥʘ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ plot(x, y, 

type="b")  ʨʘʩʧʦʣʘʛʘʝʪ x ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʘ y ï ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʠʟʦʙʨʘʞʘʝʪ ʪʦʯʢʠ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y) ʠ ʩʦʝʜʠʥʷʝʪ ʠʭ ʣʠʥʷʤʠ. ʇʘʨʘʤʝʪʨ type="b"  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʛʨʘʬʠʢʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʦʢʘʟʘʥʳ ʠ ʪʦʯʢʠ, ʠ ʣʠʥʠʠ. ɺʚʝʜʠʪʝ help ( plot ), ʯʪʦʙʳ ʫʟʥʘʪʴ ʦ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ. 

ʇʦʣʫʯʠʚʰʠʡʩʷ ʛʨʘʬʠʢ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.2. 

 

ʈʠʩ. 3.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʮʠʠ ʧʘʮʠʝʥʪʘ ʦʪ ʜʦʟʳ ʣʝʢʘʨʩʪʚʘ A 

 



ʃʠʥʝʡʥʳʝ ʛʨʘʬʠʢʠ ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʛʣʘʚʝ 11. ɼʘʚʘʡʪʝ ʪʝʧʝʨʴ ʠʟʤʝʥʠʤ ʚʥʝʰʥʠʡ ʚʠʜ ʵʪʦʛʦ 

ʛʨʘʬʠʢʘ. 

 

3.3. ɻʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

 

ʄʥʦʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʘʛʨʘʤʤ (ʰʨʠʬʪʳ, ʮʚʝʪʘ, ʦʩʠ, ʥʘʟʚʘʥʠʷ) ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʧʨʠ ʧʦʤʦʱʠ 

ʦʧʮʠʡ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

ʆʜʠʥ ʩʧʦʩʦʙ ʥʘʟʥʘʯʠʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ par () . ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, 

ʟʘʜʘʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʩʝʩʩʠʠ, ʧʦʢʘ ʚʳ ʥʝ ʠʟʤʝʥʠʪʝ ʠʭ. 

ʌʦʨʤʘʪ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ʪʘʢʦʚ: par( ʥʘʟʚʘʥʠʝ_ʧʘʨʘʤʝʪʨʘ=ʟʥʘʯʝʥʠʝ, 

ʥʘʟʚʘʥʠʝ_ʧʘʨʘʤʝʪʨʘ=ʟʥʘʯʝʥʠʝ,  ...) . ʌʫʥʢʮʠʷ par ()  ʙʝʟ ʘʨʛʫʤʝʥʪʦʚ ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ 

ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʘʨʛʫʤʝʥʪʘ no.readonly=TRUE  

ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʪʦʣʴʢʦ ʪʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʤʝʥʷʪʴ. 

ʇʨʦʜʦʣʞʘʷ ʥʘʰ ʧʨʠʤʝʨ, ʧʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʚʘʤ ʟʘʭʦʪʝʣʦʩʴ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʧʘʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʦʣʥʝʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʚʤʝʩʪʦ ʧʫʩʪʦʛʦ ʢʨʫʞʢʘ ʠ ʩʦʝʜʠʥʠʪʴ ʩʠʤʚʦʣʳ 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ, ʘ ʥʝ ʩʧʣʦʰʥʦʡ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʜʘ: 
opar <-  par(no.readonly=TRUE)  

par(lty=2, pch=17)            

plot(dose, drugA, type="b")   

par(opar)  

 

ʇʦʣʫʯʠʚʰʠʡʩʷ ʛʨʘʬʠʢ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.3. 

 

ʈʠʩ. 3.3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʮʠʠ ʧʘʮʠʝʥʪʘ ʦʪ ʜʦʟʳ ʣʝʢʘʨʩʪʚʘ A ʩ ʠʟʤʝʥʝʥʥʳʤʠ ʪʠʧʦʤ ʣʠʥʠʠ ʠ 

ʩʠʤʚʦʣʘʤʠ 

 



ʇʝʨʚʘʷ ʢʦʤʘʥʜʘ ʩʦʟʜʘʝʪ ʢʦʧʠʶ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʪʦʨʘʷ ʢʦʤʘʥʜʘ ʥʘʟʥʘʯʘʝʪ ʪʠʧ ʣʠʥʠʠ ï 

ʧʫʥʢʪʠʨʥʘʷ (lty=2 ) ʚʤʝʩʪʦ ʩʧʣʦʰʥʦʡ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠ ʪʠʧ ʩʠʤʚʦʣʘ ï ʟʘʧʦʣʥʝʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ 

(pch=17). ɿʘʪʝʤ ʚʳ ʩʦʟʜʘʝʪʝ ʛʨʘʬʠʢ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʝ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ʊʠʧʳ 

ʣʠʥʠʡ ʠ ʩʠʤʚʦʣʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʝ 3.3.1. 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʦʣʴʢʦ ʬʫʥʢʮʠʡ par () , ʩʢʦʣʴʢʦ ʥʫʞʥʦ, ʪʘʢ ʯʪʦ ʢʦʤʘʥʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʪʘʢʞʝ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ 

 
par(lty=2)  

par(pch=17)  

 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʟʘʜʘʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ï ʵʪʦ ʚʢʣʶʯʠʪʴ ʟʘʧʠʩʠ ʪʠʧʘ 

ʥʘʟʚʘʥʠʝ_ʧʘʨʘʤʝʪʨʘ=ʟʥʘʯʝʥʠʝ ʚʥʫʪʨʴ ʛʨʘʬʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʜʠʘʛʨʘʤʤʳ. ʄʦʞʥʦ ʙʳʣʦ ʙʳ 

ʧʦʩʪʨʦʠʪʴ ʪʦʪ ʞʝ ʛʨʘʬʠʢ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ: 

 
plot(dose, drugA, type="b", lty=2,  pch=17)    

 

ʅʝ ʚʦ ʚʩʝʭ ʛʨʘʬʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ. ʇʦʟʥʘʢʦʤʴʪʝʩʴ ʩʦ ʩʧʨʘʚʢʦʡ ʧʦ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ (ʥʘʧʨʠʤʝʨ, 

?plot , ?hist  ʠʣʠ ?boxplot ), ʯʪʦʙʳ ʫʟʥʘʪʴ, ʢʘʢʠʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʥʘʟʥʘʯʘʪʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ. ɺ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʨʘʟʜʝʣʘ 3.3.1. ʦʧʠʩʘʥʳ ʤʥʦʛʠʝ ʚʘʞʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʦʪʦʨʳʝ ʚʳ ʤʦʞʝʪʝ ʤʝʥʷʪʴ. 

 

3.3.1. ʉʠʤʚʦʣʳ ʠ ʣʠʥʠʠ 

 

ʂʘʢ ʚʳ ʧʦʥʷʣʠ, ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʢʘʟʳʚʘʪʴ ʪʠʧ 

ʩʠʤʚʦʣʦʚ ʠ ʣʠʥʠʡ ʥʘ ʜʠʘʛʨʘʤʤʘʭ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣ. 3.2. 

 

ʊʘʙʣʠʮʘ 3.2. ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʫʢʘʟʘʥʠʷ ʪʠʧʦʚ ʩʠʤʚʦʣʦʚ ʠ ʣʠʥʠʡ 

 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ 

pch  ʆʧʨʝʜʝʣʷʝʪ ʪʠʧ ʩʠʤʚʦʣʘ (ʩʤ. ʨʠʩ. 3.4) 

cex  ʆʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨ ʩʠʤʚʦʣʘ. cex  ï ʵʪʦ 

ʯʠʩʣʦ, ʦʙʦʟʥʘʯʘʶʱʝʝ, ʢʘʢ ʩʠʤʚʦʣʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʘʟʤʝʨʫ ʧʦ ʫʤʦʣʯʘʥʠʶ. 1 = ʨʘʟʤʝʨ ʧʦ 

ʫʤʦʣʯʘʥʠʶ, 1.5 ï ʥʘ 50% ʢʨʫʧʥʝʝ, 0.5 ï ʥʘ 

50% ʤʝʣʴʯʝ ʠ ʪ.ʜ.  

lty  ʆʧʨʝʜʝʣʷʝʪ ʪʠʧ ʣʠʥʠʠ (ʩʤ. ʨʠʩ. 3.5) 

lwd  ʆʧʨʝʜʝʣʷʝʪ ʪʦʣʱʠʥʫ ʣʠʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʦʣʱʠʥʦʡ ʣʠʥʠʠ ʧʦ ʫʤʦʣʯʘʥʠʶ (1). 

ʅʘʧʨʠʤʝʨ, lwd =2 ʜʝʣʘʝʪ ʣʠʥʠʶ ʚ ʜʚʘ ʨʘʟʘ 

ʪʦʣʱʝ, ʯʝʤ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

 

ʇʘʨʘʤʝʪʨ pch = ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʝ. ɺʦʟʤʦʞʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3.4. 

 



ʈʠʩ. 3.4. ʉʠʤʚʦʣʳ, ʥʘʟʥʘʯʘʝʤʳʝ ʧʨʠ ʧʦʤʦʱʠ ʧʘʨʘʤʝʪʨʘ pch  

 
ɼʣʷ ʩʠʤʚʦʣʦʚ ʩ 21 ʧʦ 25 ʤʦʞʥʦ ʦʪʜʝʣʴʥʦ ʫʢʘʟʳʚʘʪʴ ʮʚʝʪ ʢʦʥʪʫʨʘ (border =) ʠ ʟʘʧʦʣʥʝʥʠʷ 

(bg=). 

ʀʩʧʦʣʴʟʫʡʪʝ ʧʘʨʘʤʝʪʨ lty = ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʥʫʞʥʦʛʦ ʪʠʧʘ ʣʠʥʠʠ. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.5. 

 

ʈʠʩ. 3.5. ʊʠʧʳ ʣʠʥʠʡ, ʥʘʟʥʘʯʘʝʤʳʝ ʧʨʠ ʧʦʤʦʱʠ ʧʘʨʘʤʝʪʨʘ lty  

 
ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʚʩʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

 
plot(dose, drugA, type="b", lty=3, lwd=3, pch=15, cex=2)  

 

ʩʦʟʜʘʩʪ ʛʨʘʬʠʢ, ʥʘ ʢʦʪʦʨʦʤ ʪʦʯʝʯʥʘʷ ʣʠʥʠʝʡ ʚ ʪʨʠ ʨʘʟʘ ʰʠʨʝ, ʯʝʤ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʩʦʝʜʠʥʷʝʪ 

ʥʘʙʣʶʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʟʘʧʦʣʥʝʥʥʳʭ ʢʚʘʜʨʘʪʦʚ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʯʝʤ ʧʦ 

ʫʤʦʣʯʘʥʠʶ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.6. 

 

ʈʠʩ. 3.6. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʮʠʠ ʧʘʮʠʝʥʪʘ ʦʪ ʜʦʟʳ ʣʝʢʘʨʩʪʚʘ A ʩ ʠʟʤʝʥʝʥʥʳʤʠ ʪʠʧʦʤ ʠ 

ʰʠʨʠʥʦʡ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʪʠʧʦʤ ʠ ʨʘʟʤʝʨʦʤ ʩʠʤʚʦʣʦʚ 

 



ʊʝʧʝʨʴ ʜʘʚʘʡʪʝ ʧʦʩʤʦʪʨʠʤ, ʢʘʢ ʥʘʟʥʘʯʘʪʴ ʮʚʝʪʘ. 

3.3.2. ʎʚʝʪʘ 

 

ɺ R ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʚʷʟʘʥʥʳʭ ʩ ʮʚʝʪʘʤʠ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʪʘʙʣ. 3.3 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʩʘʤʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ. 

 

ʊʘʙʣ. 3.3. ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʥʘʟʥʘʯʝʥʠʷ ʮʚʝʪʘ 

 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ 

col  ʎʚʝʪ ʵʣʝʤʝʥʪʦʚ ʥʘ ʛʨʘʬʠʢʝ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ 

ʬʫʥʢʮʠʡ (ʪʘʢʠʝ ʢʘʢ lines  ʠ pie ) ʤʦʞʥʦ 

ʫʢʘʟʳʚʘʪʴ ʚʝʢʪʦʨ ʠʟ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦ ʦʯʝʨʝʜʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

col=c(ñredò, ñblueò), ʠ ʠʟʦʙʨʘʞʝʥʦ 

ʪʨʠ ʣʠʥʠʠ, ʧʝʨʚʘʷ ʙʫʜʝʪ ʢʨʘʩʥʦʡ, ʚʪʦʨʘʷ ï 

ʩʠʥʝʡ ʠ ʪʨʝʪʴʷ ï ʢʨʘʩʥʦʡ.  

col . axis  ʎʚʝʪ ʟʥʘʯʝʥʠʡ ʦʩʝʡ. 

col . lab  ʎʚʝʪ ʧʦʜʧʠʩʝʡ ʦʩʝʡ. 

col . main  ʎʚʝʪ ʟʘʛʦʣʦʚʢʦʚ. 

col . sub  ʎʚʝʪ ʧʦʜʟʘʛʦʣʦʚʢʦʚ. 

fg  ʎʚʝʪ ʛʨʘʬʠʢʘ. 

bg ʎʚʝʪ ʬʦʥʘ. 

 

ɺ R ʮʚʝʪʘ ʤʦʞʥʦ ʦʙʦʟʥʘʯʘʪʴ ʥʦʤʝʨʦʤ, ʥʘʟʚʘʥʠʝʤ, ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʘʭ 

RBG ʠʣʠ HSV. ʅʘʧʨʠʤʝʨ, col =1, col =" white " , col ="# FFFFFF" ,  col =rgb (1,1,1)  ʠ 

col =hsv (0,0,1)  ï ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ ʩʧʦʩʦʙʳ ʦʙʦʟʥʘʯʠʪʴ ʙʝʣʳʡ ʮʚʝʪ. ʌʫʥʢʮʠʷ rgb ()  

ʦʧʨʝʜʝʣʷʝʪ ʮʚʝʪʘ ʧʦ ʟʥʘʯʝʥʠʷʤ ʢʨʘʩʥʦʛʦ, ʟʝʣʝʥʦʛʦ ʠ ʩʠʥʝʛʦ, ʘ hsv ()  ʦʩʥʦʚʘʥʘ ʥʘ ʟʥʘʯʝʥʠʷʭ ʦʪʪʝʥʢʘ 

ʠ ʥʘʩʳʱʝʥʥʦʩʪʠ. ɹʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʪʠʭ ʬʫʥʢʮʠʷʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʬʘʡʣʘ ʩʧʨʘʚʢʠ. 

ʌʫʥʢʮʠʷ colors()  ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʩʧʠʩʦʢ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʮʚʝʪʦʚ. ʕʡʨʣ ʌ. ɻʣʠʥ (Earl F. 

Glynn) ʩʦʟʜʘʣ ʧʨʝʢʨʘʩʥʫʶ ʦʥʣʘʡʥ-ʪʘʙʣʠʮʫ ʮʚʝʪʦʚ R, ʜʦʩʪʫʧʥʫʶ ʧʦ ʘʜʨʝʩʫ http://research.stowers-

institute.org/efg/R/Color/Chart. ɺ R ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥ ʨʷʜ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 

ʚʝʢʪʦʨʘ ʠʟ ʙʣʠʟʢʠʭ ʮʚʝʪʦʚ. ʂ ʪʘʢʠʤ ʬʫʥʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ rainbow() , heat.colors() , 

terrain.colors() , topo.colors()  ʠ cm.colors() . ʅʘʧʨʠʤʝʨ, rainbow(10)  ʩʦʟʜʘʝʪ 10 

ʩʦʩʝʜʥʠʭ ñʨʘʜʫʞʥʳʭò ʮʚʝʪʦʚ. ʆʪʪʝʥʢʠ ʩʝʨʦʛʦ ʩʦʟʜʘʶʪʩʷ ʬʫʥʢʮʠʝʡ gray () . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳ 

ʟʘʜʘʝʪʝ ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʯʠʩʝʣ ʦʪ 0 ʜʦ 1. ʂʦʤʘʥʜʘ gray(0:10/10)  ʩʦʟʜʘʩʪ 10 

ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ. ʇʦʧʨʦʙʫʡʪʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 

 
n < -  10 

mycolors < -  rainbow(n)  

pie(rep(1, n), labels=mycolors, col=mycolors)  

mygrays < -  gray(0:n/n)  

pie(rep(1, n), labels=mygrays, col=mygrays)  

 

ʯʪʦʙʳ ʫʚʠʜʝʪʴ, ʢʘʢ ʵʪʦ ʨʘʙʦʪʘʝʪ. ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʮʚʝʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʚʘʤ 

ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʵʪʦʡ ʛʣʘʚʳ. 

 

3.3.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʢʩʪʘ 

 

ɻʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ, ʰʨʠʬʪʘ ʠ ʩʪʠʣʷ ʪʝʢʩʪʘ. 

ʇʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʤʝʨ ʰʨʠʬʪʘ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.4. ʇʘʨʘʤʝʪʨʳ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʪʠʧ ʰʨʠʬʪʘ, ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣ. 3.5. 

 



ʊʘʙʣ. 3.4. ʇʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʤʝʨ ʰʨʠʬʪʘ 

 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ 

cex  ʏʠʩʣʦ, ʦʧʨʝʜʝʣʷʶʱʝʝ, ʢʘʢ ʦʪʦʙʨʘʞʘʝʤʳʡ 

ʥʘ ʜʠʘʛʨʘʤʤʝ ʪʝʢʩʪ ʙʫʜʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʤʝʨʘ ʧʦ ʫʤʦʣʯʘʥʠʶ (1). 1.5 

ï ʥʘ 50% ʙʦʣʴʰʝ, 0.5 ï ʥʘ 50% ʤʝʥʴʰʝ ʠ 

ʪ.ʜ. 

cex . axis  ʈʘʟʤʝʨ ʟʥʘʯʝʥʠʡ ʥʘ ʦʩʷʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

cex . 

cax . lab  ʈʘʟʤʝʨ ʧʦʜʧʠʩʝʡ ʧʦ ʦʩʷʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

cex . 

cex.main  ʈʘʟʤʝʨ ʟʘʛʦʣʦʚʢʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ cex . 

cex.sub  ʈʘʟʤʝʨ ʧʦʜʟʘʛʦʣʦʚʢʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ cex . 

 

ʅʘʧʨʠʤʝʨ, ʥʘ ʚʩʝʭ ʜʠʘʛʨʘʤʤʘʭ, ʩʦʟʜʘʥʥʳʭ ʧʦʩʣʝ ʢʦʤʘʥʜʳ 

 
par(font.lab=3, cex.lab=1.5, font.main=4, cex.main=2)  

 

ʚ 1.5 ʨʘʟʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ, ʯʝʤ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʧʦʜʧʠʩʠ ʦʩʝʡ ʙʫʜʫʪ ʚʳʜʝʣʝʥʳ ʢʫʨʩʠʚʦʤ, ʘ ʥʘʟʚʘʥʠʷ 

ʙʫʜʫʪ ʚ ʜʚʘ ʨʘʟʘ ʢʨʫʧʥʝʝ, ʯʝʤ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʠ ʝʱʝ ʚʳʜʝʣʝʥʳ ʧʦʣʫʞʠʨʥʳʤ ʢʫʨʩʠʚʦʤ. 

 

ʊʘʙʣʠʮʘ 3.5. ʇʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʝʤʝʡʩʪʚʦ, ʨʘʟʤʝʨ ʠ ʩʪʠʣʴ ʰʨʠʬʪʘ 

 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ 

font  ʏʠʩʣʦ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʰʨʠʬʪ ʜʣʷ 

ʪʝʢʩʪʘ ʥʘ ʜʠʘʛʨʘʤʤʝ. 1=ʦʙʳʯʥʳʡ, 

2=ʧʦʣʫʞʠʨʥʳʡ, 3=ʢʫʨʩʠʚ, 4=ʧʦʣʫʞʠʨʥʳʡ 

ʢʫʨʩʠʚ, 5=ʩʠʤʚʦʣʳ (ʚ ʢʦʜʠʨʦʚʢʝ Adobe). 

font.axis  ʐʨʠʬʪ ʟʥʘʯʝʥʠʡ ʥʘ ʦʩʷʭ. 

font.lab  ʐʨʠʬʪ ʜʣʷ ʧʦʜʧʠʩʝʡ ʧʦ ʦʩʷʤ. 

font.main  ʐʨʠʬʪ ʜʣʷ ʟʘʛʦʣʦʚʢʦʚ. 

font.sub  ʐʨʠʬʪ ʜʣʷ ʧʦʜʟʘʛʦʣʦʚʢʦʚ. 

ps  ʈʘʟʤʝʨ ʪʦʯʢʠ ʚ ʰʨʠʬʪʝ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0.3 

ʤʤ). 

family  ʉʝʤʝʡʩʪʚʦ ʰʨʠʬʪʦʚ. ʉʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ï serif , sans  ʠ mono. 

   

ʈʘʟʤʝʨ ʠ ʩʪʠʣʴ ʰʨʠʬʪʘ ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʩʪʦ, ʜʝʣʦ ʩ ʩʝʤʝʡʩʪʚʦʤ ʰʨʠʬʪʦʚ ʦʙʩʪʦʠʪ ʥʝʤʥʦʛʦ ʩʣʦʞʥʝʝ. 

ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʦʪʦʙʨʘʞʝʥʠʝ serif , sans  ʠ mono ʟʘʚʠʩʠʪ ʦʪ ʫʩʪʨʦʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, 

ʧʦʜ Windows mono ʦʪʦʙʨʘʞʘʝʪʩʷ ʢʘʢ TT Courier New, serif  ï ʢʘʢ TT Times New Roman, ʘ sans  ï 

ʢʘʢ TT Arial (TT ʦʙʦʟʥʘʯʘʝʪ True Type) ɽʩʣʠ ʚʳ ʫʜʦʚʣʝʪʚʦʨʝʥʳ ʪʘʢʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʩʝʤʝʡʩʪʚ 

ʰʨʠʬʪʦʚ, ʪʦ ʤʦʞʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʠʧʘ family="serif" , ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʞʝʣʘʝʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ. ɽʩʣʠ ʚʳ ʥʝ ʫʜʦʚʣʝʪʚʦʨʝʥʳ, ʚʘʤ ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʩʦʦʪʚʝʪʩʪʚʠʡ. ʇʦʜ 

Windows ʚʳ ʤʦʞʝʪʝ ʥʘʟʥʘʯʘʪʴ ʵʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ windowsFont() . ʅʘʧʨʠʤʝʨ, 

ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ 
windowsFonts(  

  A=windowsFont("Arial Black"),  

  B=windowsFont("Bookman Old Style"),  

  C=windowsFont("Comic Sans MS")  

)  

ʚʳ ʩʤʦʞʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ A, B ʠ C ʢʘʢ ʥʘʟʚʘʥʠʷ ʩʝʤʝʡʩʪʚ ʰʨʠʬʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

par ( family =" A")  ʥʘʟʥʘʯʠʪ ʰʨʠʬʪ Arial Black (ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 3.2 ʚ ʨʘʟʜʝʣʝ 3.4.2 ʩʦʜʝʨʞʠʪ 



ʧʨʠʤʝʨ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʢʩʪʘ). ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʬʫʥʢʮʠʷ windowsFont()  ʨʘʙʦʪʘʝʪ 

ʪʦʣʴʢʦ ʧʦʜ Windows. ʇʦʜ Mac ʠʩʧʦʣʴʟʫʡʪʝ ʚʤʝʩʪʦ ʥʝʝ quartzFonts() . 

ɽʩʣʠ ʜʠʘʛʨʘʤʤʳ ʙʫʜʫʪ ʩʦʭʨʘʥʝʥʳ ʚ ʬʦʨʤʘʪʝ PDF ʠʣʠ PostScript, ʠʟʤʝʥʠʪʴ ʩʝʤʝʡʩʪʚʦ 

ʰʨʠʬʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ. ɼʣʷ ʬʦʨʤʘʪʘ PDF ʠʩʧʦʣʴʟʫʡʪʝ ʢʦʤʘʥʜʫ names(pdfFonts()) , 

ʯʪʦʙʳ ʫʟʥʘʪʴ, ʢʘʢʠʝ ʰʨʠʬʪʳ ʚʘʤ ʜʦʩʪʫʧʥʳ, ʠ ʢʦʤʘʥʜʫ pdf(file=" myplot.pdf ", 

family=" ʥʘʟʚʘʥʠʝ_ʰʨʠʬʪʘ") , ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʜʠʘʛʨʘʤʤʫ. ɼʣʷ ʬʦʨʤʘʪʘ PostScript ʠʩʧʦʣʴʟʫʡʪʝ 

names(postscriptFonts())  ʠ  postscript(file=" myplot.ps ", 

family=" ʥʘʟʚʘʥʠʝ_ʰʨʠʬʪʘ") . ʇʨʦʯʪʠʪʝ ʦʥʣʘʡʥ-ʩʧʨʘʚʢʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʣʴʥʝʡʰʝʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

 

3.3.4. ʈʘʟʤʝʨʳ ʜʠʘʛʨʘʤʤʳ ʠ ʧʦʣʝʡ 

 

ʅʘʢʦʥʝʮ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʨʘʟʤʝʨ ʜʠʘʛʨʘʤʤʳ ʠ ʧʦʣʝʡ ʧʨʠ ʧʦʤʦʱʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʪʘʙʣ. 3.6. 

 

ʊʘʙʣʠʮʘ 3.6. ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʜʠʘʛʨʘʤʤʳ ʠ ʧʦʣʝʡ 

 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ 

pin  ʈʘʟʤʝʨ ʜʠʘʛʨʘʤʤʳ (ʰʠʨʠʥʘ, ʚʳʩʦʪʘ) ʚ 

ʜʶʡʤʘʭ $$ 1 ʜʶʡʤ = 2.5 ʩʤ. ï ʇʨʠʤ. ʧʝʨ.$$ 

mai  ʏʠʩʣʦʚʦʡ ʚʝʢʪʦʨ, ʟʘʜʘʶʱʠʡ ʨʘʟʤʝʨʳ ʧʦʣʝʡ, 

ʛʜʝ c(ʥʠʟ, ʣʝʚʦ, ʚʝʨʭ, ʧʨʘʚʦ) ʫʢʘʟʘʥʳ ʚ 

ʜʶʡʤʘʭ 

mar ʏʠʩʣʦʚʦʡ ʚʝʢʪʦʨ, ʟʘʜʘʶʱʠʡ ʨʘʟʤʝʨʳ ʧʦʣʝʡ, 

ʛʜʝ c(ʥʠʟ, ʣʝʚʦ, ʚʝʨʭ, ʧʨʘʚʦ) ʫʢʘʟʘʥʳ ʚ 

ʯʠʩʣʝ ʩʪʨʦʢ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʵʪʦ c(5, 4, 4, 2) 

+ 0.1. 

 

ʂʦʤʘʥʜʘ 

 
par(pin=c(4,3), mai=c(1,.5, 1, .2))  

 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʠʘʛʨʘʤʤʳ ʨʘʟʤʝʨʦʤ 4 ʜʶʡʤʘ ʚ ʰʠʨʠʥʫ ʠ 3 ʜʶʡʤʘ ʚ ʚʳʩʦʪʫ ʩ ʰʠʨʠʥʦʡ ʧʦʣʝʡ 

ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʧʦ ʦʜʥʦʤʫ ʜʶʡʤʫ, ʩʣʝʚʘ 0.5 ʜʶʡʤʘ ʠ ʩʧʨʘʚʘ 0.2 ʜʶʡʤʘ. ʀʩʯʝʨʧʳʚʘʶʱʝʝ ʦʥʣʘʡʥ-

ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʥʘʩʪʨʦʡʢʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʡ ʦʪ ʕʡʨʣ ɻʣʠʥ ʨʘʟʤʝʱʝʥʦ ʧʦ ʘʜʨʝʩʫ 

http://research.stowers-institute.org/efg/R/Graphics/Basics/mar-oma/. 

ɼʘʚʘʡʪʝ ʠʩʧʦʣʴʟʫʝʤ ʚʩʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʳ ʫʩʧʝʣʠ ʦʙʩʫʜʠʪʴ, ʯʪʦʙʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʥʘʰ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʠʞʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʠʘʛʨʘʤʤʳ, 

ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 3.7. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 3.1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ 

ʜʠʘʛʨʘʤʤʳ 

 
dose  < -  c(20, 30, 40, 45, 60)       

drugA < -  c(16, 20, 27, 40, 60)  

drugB < -  c(15, 18, 25, 31, 40)  

opar < -  par(no.readonly=TRUE)       

par(pin=c(2, 3))                                                        

par(lwd=2, cex=1.5)             

par(cex.axis=.75, font.axis=3)       

plot(dose, drugA, type="b", pch=19, lty=2, col="red")     

plot(dose, drugB, type="b", pch=23, lty=6, col="blue", bg="green")  

par(opar )  

 



ʉʥʘʯʘʣʘ ʚʳ ʚʚʦʜʠʪʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʚʝʢʪʦʨʦʚ, ʟʘʪʝʤ ʩʦʭʨʘʥʷʝʪʝ ʪʝʢʫʱʠʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

(ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʭ ʧʦʟʜʥʝʝ). ɺʳ ʠʟʤʝʥʷʝʪʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢ, ʯʪʦʙʳ 

ʛʨʘʬʠʢʠ ʙʳʣʠ 2 ʜʶʡʤʘ ʚ ʰʠʨʠʥʫ ʠ 3 ʜʶʡʤʘ ʚ ʚʳʩʦʪʫ. ʂʨʦʤʝ ʪʦʛʦ, ʣʠʥʠʠ ʙʫʜʫʪ ʚ ʜʚʘ ʨʘʟʘ ʰʠʨʝ, ʘ 

ʩʠʤʚʦʣʳ ï ʚ 1.5 ʢʨʫʧʥʝʝ, ʯʝʤ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɿʥʘʯʝʥʠʷ ʥʘ ʦʩʷʭ ʜʘʥʳ ʢʫʨʩʠʚʦʤ, ʠʭ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ 

75% ʦʪ ʨʘʟʤʝʨʘ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɿʘʪʝʤ ʩʦʟʜʘʥ ʧʝʨʚʳʡ ʛʨʘʬʠʢ ʩ ʟʘʧʦʣʥʝʥʥʳʤʠ ʢʨʘʩʥʳʤʠ ʢʨʫʞʢʘʤʠ ʠ 

ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. ɺʪʦʨʦʡ ʛʨʘʬʠʢ ʩʦʜʝʨʞʠʪ ʟʝʣʝʥʳʝ ʨʦʤʙʳ ʩ ʩʠʥʝʡ ʢʘʡʤʦʡ ʠ ʩʠʥʠʝ ʣʠʥʠʠ. 

ʅʘʢʦʥʝʮ, ʚʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʝ ʠʩʭʦʜʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ.  

 

ʈʠʩ. 3.7. ʃʠʥʝʡʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʮʠʠ ʧʘʮʠʝʥʪʘ ʦʪ ʜʦʟʳ ʣʝʢʘʨʩʪʚ A ʠ B  

 
ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ, ʟʘʜʘʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ par ()  ʧʨʠʤʝʥʷʶʪʩʷ ʢ 

ʦʙʦʠʤ ʛʨʘʬʠʢʘʤ, ʘ ʧʘʨʘʤʝʪʨʳ, ʥʘʟʥʘʯʝʥʥʳʝ çʚʥʫʪʨʠè ʬʫʥʢʮʠʡ plot () , ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʨʘʬʠʢʘ. ʇʦʩʤʦʪʨʝʚ ʥʘ ʨʠʩ. 3.7, ʚʳ ʤʦʞʝʪʝ ʟʘʤʝʪʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʜʦʯʝʪʦʚ. ʋ 

ʛʨʘʬʠʢʦʚ ʥʝʪ ʟʘʛʦʣʦʚʢʦʚ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʦʩʠ ʜʘʥʳ ʚ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʩʨʘʚʥʝʥʠʝ 

ʜʝʡʩʪʚʠʷ ʜʚʫʭ ʣʝʢʘʨʩʪʚ. ʇʦʜʧʠʩʠ ʧʦ ʦʩʷʤ ʪʦʞʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ. 

ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʤʳ ʧʝʨʝʡʜʝʤ ʢ ʥʘʩʪʨʦʡʢʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʢʩʪʦʚʳʭ ʘʥʥʦʪʘʮʠʡ (ʪʘʢʠʭ ʢʘʢ 

ʟʘʛʦʣʦʚʢʠ ʠ ʧʦʜʧʠʩʠ) ʠ ʦʩʝʡ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʤʝʶʱʠʭʩʷ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ, ʟʘʛʣʷʥʠʪʝ ʚ help ( par ) . 

 

3.4. ɼʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʘ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʩʝʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

 

ɼʣʷ ʤʥʦʛʠʭ ʛʨʘʬʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (ʥʘʧʨʠʤʝʨ, plot , hist , boxplot ) ʚʦʟʤʦʞʝʥ 

ʢʦʥʪʨʦʣʴ ʥʝ ʪʦʣʴʢʦ ʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʩʝʡ ʠ ʥʘʜʧʠʩʝʡ. ʂ ʧʨʠʤʝʨʫ, ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʠʞʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʜʠʘʛʨʘʤʤʝ ʟʘʛʦʣʦʚʦʢ (main ), 

ʧʦʜʟʘʛʦʣʦʚʦʢ (sub ) ʠ ʧʦʜʧʠʩʠ ʦʩʝʡ (xlab , ylab ), ʘ ʪʘʢʞʝ ʟʘʜʘʪʴ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʥʘ ʦʩʷʭ (xlim , 

ylim ). ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.8. 

 



plot(dose, drugA, type="b",   

     col="red", lty=2, pch=2, lwd=2,  

     main="Clinical Trials for Drug A",  

     sub="This is hypothetical data",  

     xlab="Dosage", ylab="Drug Response",  

     xlim=c(0, 60), ylim=c(0, 70) )  

 

ʈʠʩ. 3.8. ʃʠʥʝʡʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʮʠʠ ʧʘʮʠʝʥʪʘ ʦʪ ʜʦʟʳ ʣʝʢʘʨʩʪʚʘ A ʩ ʟʘʛʦʣʦʚʢʦʤ, 

ʧʦʜʟʘʛʦʣʦʚʢʦʤ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʦʩʷʤʠ 

 
ʆʧʷʪʴ ʞʝ, ʥʝ ʚʩʝ ʛʨʘʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʚʘʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ. ʇʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʤʝʥʷʪʴ, ʫʢʘʟʘʥʳ ʚ ʬʘʡʣʝ ʩʧʨʘʚʢʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʠ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʟʘʛʦʣʦʚʢʦʚ, ʦʩʝʡ, ʣʝʛʝʥʜ ʠ ʪʝʢʩʪʦʚʳʭ ʘʥʥʦʪʘʮʠʡ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʚʳ ʤʦʞʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ, 

ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ. 

 

ʇʨʠʤʝʯʘʥʠʝ. ʅʝʢʦʪʦʨʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚʳʚʦʜʷʪ ʥʘʜʧʠʩʠ ʠ 

ʧʦʜʧʠʩʠ ʥʘ ʜʠʘʛʨʘʤʤʘʭ. ʆʪ ʥʠʭ ʤʦʞʥʦ ʠʟʙʘʚʠʪʴʩʷ, ʫʢʘʟʘʚ ann=FALSE ʢʘʢ ʦʜʠʥ ʠʟ ʘʨʛʫʤʝʥʪʦʚ 

ʢʦʤʘʥʜ plot ()  ʠʣʠ par () . 

3.4.1. ɿʘʛʦʣʦʚʢʠ 

 

ɼʣʷ ʨʘʟʤʝʱʝʥʠʷ ʟʘʛʦʣʦʚʢʦʚ ʠ ʧʦʜʧʠʩʝʡ ʦʩʝʡ ʥʘ ʜʠʘʛʨʘʤʤʝ ʠʩʧʦʣʴʟʫʡʪʝ ʬʫʥʢʮʠʶ title () . ʌʦʨʤʘʪ 

ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʚ: 

 
title ( main ="ʦʩʥʦʚʥʦʡ_ʟʘʛʦʣʦʚʦʢ", sub ="ʧʦʜʟʘʛʦʣʦʚʦʢ",  

      xlab ="ʧʦʜʧʠʩʴ_ʧʦ_ʦʩʠ_x", ylab ="ʧʦʜʧʠʩʴ_ʧʦ_ʦʩʠ_y")  



ɻʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʪʘʢʠʝ ʢʘʢ ʨʘʟʤʝʨ ʠ ʪʠʧ ʰʨʠʬʪʘ, ʦʨʠʝʥʪʘʮʠʷ ʠ ʮʚʝʪ ʪʝʢʩʪʘ) ʪʦʞʝ ʤʦʞʥʦ 

ʟʘʜʘʪʴ ʬʫʥʢʮʠʠ title () . ʂ ʧʨʠʤʝʨʫ, ʪʘʢʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʠʘʛʨʘʤʤʫ ʩ 

ʢʨʘʩʥʳʤ ʟʘʛʦʣʦʚʢʦʤ, ʩʠʥʠʤ ʧʦʜʟʘʛʦʣʦʚʢʦʤ ʠ ʟʝʣʝʥʳʤʠ ʧʦʜʧʠʩʷʤʠ ʧʦ ʦʩʷʤ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʥʘ 25% 

ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʫʤʦʣʯʘʥʠʶ: 

 
title(main="My Title", col.main="red",  

      sub="My Sub - title", col.sub="blue",  

      xlab=" My X label", ylab="My Y label",  

      col.lab="green", cex.lab=0.75)  

 

3.4.2. ʆʩʠ 

 

ɺʤʝʩʪʦ ʦʩʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʚʳ ʤʦʞʝʪʝ ʩʦʟʜʘʪʴ ʦʩʠ ʧʦ ʩʚʦʝʤʫ 

ʫʩʤʦʪʨʝʥʠʶ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ axis () . ʌʦʨʤʘʪ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʚ (ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʦʧʠʩʘʥʳ ʚ 

ʪʘʙʣ. 3.7): 

 

axis(side, at=, labels=, pos=, lty=, col=, las=, tck=, ...) . 

 

ʊʘʙʣ. 3.7. ʇʘʨʘʤʝʪʨʳ ʦʩʝʡ 

 

ʇʘʨʘʤʝʪʨ ʆʧʠʩʘʥʠʝ 

side  ʎʠʬʨʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ, ʩ ʢʘʢʦʡ ʩʪʦʨʦʥʳ 

ʜʠʘʛʨʘʤʤʳ ʨʠʩʦʚʘʪʴ ʦʩʴ (1=ʥʠʟ, 2=ʣʝʚʦ, 

3=ʚʝʨʭ, 4=ʧʨʘʚʦ). 

at  ʏʠʩʣʦʚʦʡ ʚʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʟʘʜʘʝʪ 

ʧʦʣʦʞʝʥʠʝ ʜʝʣʝʥʠʡ ʥʘ ʦʩʷʭ. 

labels  ʊʝʢʩʪʦʚʳʡ ʚʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 

ʧʦʜʧʠʩʠ ʧʦʜ ʜʝʣʝʥʠʷʤʠ ʦʩʝʡ (ʝʩʣʠ ʚʝʢʪʦʨ 

ʥʝ ʟʘʜʘʥ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ 

at ). 

pos  ʂʦʦʨʜʠʥʘʪʘ ʦʩʠ (ʪʦ ʝʩʪʴ ʟʥʘʯʝʥʠʝ ʜʨʫʛʦʡ 

ʦʩʠ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʚʘʷ ʦʩʴ ʧʝʨʝʩʝʢʘʝʪ ʝʝ) 

lty  ʊʠʧ ʣʠʥʠʠ. 

col  ʎʚʝʪ ʣʠʥʠʠ ʠ ʜʝʣʝʥʠʡ ʦʩʠ. 

las  ʇʦʣʦʞʝʥʠʝ ʧʦʜʧʠʩʝʡ ʜʝʣʝʥʠʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ (0=ʧʘʨʘʣʣʝʣʴʥʦ, 

2=ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ). 

tck  ɼʣʠʥʘ ʜʝʣʝʥʠʷ ʦʩʠ, ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʜʦʣʠ 

ʦʪ ʜʣʠʥʳ ʜʠʘʛʨʘʤʤʳ (ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʦʟʥʘʯʘʝʪ ʧʦʣʦʞʝʥʠʝ ʜʝʣʝʥʠʷ ʢʥʘʨʫʞʠ ʦʪ 

ʨʘʤʢʠ ʜʠʘʛʨʘʤʤʳ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ï 

ʚʥʫʪʨʠ ʨʘʤʢʠ ʜʠʘʛʨʘʤʤʳ, 0 ï ʦʪʩʫʪʩʪʚʠʝ 

ʜʝʣʝʥʠʡ, 1 ï ʩʝʪʢʘ); ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ 

ï0.01. 

(é) ʆʩʪʘʣʴʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

 

ʂʦʛʜʘ ʚʳ ʩʘʤʠ ʩʦʟʜʘʝʪʝ ʦʩʠ, ʥʫʞʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʷʚʣʝʥʠʝ ʦʩʝʡ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʛʨʘʬʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ɸʨʛʫʤʝʥʪ axes =FALSE ʧʦʜʘʚʣʷʝʪ ʩʦʟʜʘʥʠʝ ʚʩʝʭ ʦʩʝʡ 

(ʜʘʞʝ ʨʘʤʢʫ ʚʦʢʨʫʛ ʜʠʘʛʨʘʤʤʳ, ʝʩʣʠ ʚʳ ʥʝ ʜʦʙʘʚʠʪʝ ʘʨʛʫʤʝʥʪ frame . plot =TRUE). ɸʨʛʫʤʝʥʪʳ 

xaxt=ònò ʠ yaxt=ònò ʦʪʤʝʥʷʶʪ ʩʦʟʜʘʥʠʝ x- ʠ y-ʦʩʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʨʠ ʵʪʦʤ ʨʘʤʢʘ ʙʝʟ ʜʝʣʝʥʠʡ 

ʦʩʪʘʝʪʩʷ). ʇʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ï ʵʪʦ ʩʣʝʛʢʘ ʠʟʙʳʪʦʯʥʳʡ ʛʣʫʧʦʚʘʪʳʡ ʧʨʠʤʝʨ, 

ʢʦʪʦʨʳʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʭ ʘʨʛʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʳ ʫʩʧʝʣʠ ʦʙʩʫʜʠʪʴ. ɻʨʘʬʠʢ, 

ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.9. 



 

ʈʠʩ. 3.9. ʇʨʠʤʝʨ ʤʦʜʠʬʠʢʘʮʠʠ ʦʩʝʡ 

 
ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 3.2. ʇʨʠʤʝʨ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʩʝʡ 

 

x < -  c(1:10)  Å ʉʦʟʜʘʝʤ ʜʘʥʥʳʝ 

y < -  x  

z < -  10/x  

opar < -  par(no.readonly=TRUE)  

par(mar=c(5, 4, 4, 8) + 0.1)  

plot(x, y, type="b",  Å ʋʚʝʣʠʯʠʚʘʝʤ ʧʦʣʷ 

     pch=21, col="red",  

     yaxt="n", lty=3, ann=FALSE)  

lines ( x, z, type =" b", pch =22, col =" blue ", lty =2)  Å ɼʦʙʘʚʣʷʝʤ ʣʠʥʠʶ 

ʟʘʚʠʩʠʤʦʩʪʠ 10/x ʦʪ x 
 

axis(2, at=x, labels=x, col.axis="red", las=2) Å ʈʠʩʫʝʤ ʦʩʠ 

axis(4, at=z, labels=round(z, digits=2),  

     col.axis="blue", las=2, cex.axis= 0.7, tck= - .01) Å ɼʦʙʘʚʣʷʝʤ ʧʦʜʧʠʩʠ ʠ 

ʪʝʢʩʪ  

mtext("y=1/x", side=4, line=3, cex.lab=1, las=2, col="blue")  

title("An Example of Creative Axes",  

      xlab="X values",  

      ylab="Y=X")   

par(opar)  

 



ʉʝʡʯʘʩ ʚʘʤ ʫʞʝ ʟʥʘʢʦʤʳ ʧʦʯʪʠ ʚʩʝ ʢʦʤʘʥʜʳ ʠʟ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ line ()  ʠ 

mtext () . ʂʦʤʘʥʜʘ plot ()  ʥʘʯʠʥʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʦʡ ʜʠʘʛʨʘʤʤʳ. ʀʩʧʦʣʴʟʫʷ ʚʤʝʩʪʦ ʵʪʦʛʦ 

ʢʦʤʘʥʜʫ line () , ʚʳ ʤʦʞʝʪʝ ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʢ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʜʠʘʛʨʘʤʤʝ. ɺʘʤ ʝʱʝ ʧʨʠʜʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʬʫʥʢʮʠʶ ʚ ʨʘʟʜʝʣʝ 3.4.4 ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘ ʦʜʥʦʡ 

ʜʠʘʛʨʘʤʤʝ ʠʟʦʙʨʘʟʠʪʴ ʨʝʘʢʮʠʶ ʧʘʮʠʝʥʪʘ ʥʘ ʣʝʢʘʨʩʪʚʘ A ʠ B. ʌʫʥʢʮʠʷ mtext ()  ʥʫʞʥʘ, ʯʪʦʙʳ 

ʨʘʟʤʝʱʘʪʴ ʪʝʢʩʪ ʥʘ ʧʦʣʷʭ ʜʠʘʛʨʘʤʤʳ. ʕʪʘ ʬʫʥʢʮʠʷ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝ 3.4.5, ʘ ʬʫʥʢʮʠʷ line ()  

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʟʦʙʨʘʥʘ ʚ ʛʣʘʚʝ 11. 

 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʝʣʝʥʠʷ ʥʘ ʦʩʷʭ 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʚʩʝʭ ʜʠʘʛʨʘʤʤʘʭ, ʢʦʪʦʨʳʝ ʚʳ ʩʦʟʜʘʚʘʣʠ ʜʦ ʩʠʭ ʧʦʨ, ʙʳʣʠ ʪʦʣʴʢʦ 

ʦʩʥʦʚʥʳʝ ʜʝʣʝʥʠʷ ʥʘ ʦʩʷʭ, ʥʦ ʥʝ ʙʳʣʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʦʩʷʭ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʝʣʝʥʠʷ, ʥʫʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ minor . tick ()  ʠʟ ʧʘʢʝʪʘ Hmisc () . 

ʉʥʘʯʘʣʘ ʫʩʪʘʥʦʚʠʪʝ ʧʘʢʝʪ Hmisc () , ʝʩʣʠ ʚʳ ʝʱʝ ʥʝ ʩʜʝʣʘʣʠ ʵʪʦʛʦ (ʩʤ. ʨʘʟʜʝʣ 1.4.2 ʛʣʘʚʳ 1). 

ɼʦʙʘʚʠʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʝʣʝʥʠʷ ʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ: 

 
library(Hmisc)  

minor.tick(nx= n, ny= n, tick.ratio= n)  

 

ʛʜʝ nx  ʠ ny  ï ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ, ʥʘ ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʨʘʟʙʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʜʝʣʝʥʠʷʤʠ 

ʦʩʠ x ʠ ʦʩʠ y ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʝʢʫʱʫʶ ʜʣʠʥʫ ʦʩʥʦʚʥʳʭ ʜʝʣʝʥʠʡ ʤʦʞʥʦ ʫʟʥʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ 

par (ñtck ò). ʅʘʧʨʠʤʝʨ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʦʜʥʦ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʜʝʣʝʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʦʩʥʦʚʥʳʤʠ ʥʘ ʦʩʠ x ʠ ʜʚʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʝʣʝʥʠʷ ʥʘ 

ʦʩʠ y: 

 
minor.tick(nx=2, ny=3, tick.ratio=0.5)  

 

ɼʣʠʥʘ ʵʪʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʝʣʝʥʠʡ ʩʦʩʪʘʚʠʪ 50% ʦʪ ʜʣʠʥʳ ʦʩʥʦʚʥʳʭ ʜʝʣʝʥʠʡ. ʇʨʠʤʝʨ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʝʣʝʥʠʡ ʧʨʠʚʝʜʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ (ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 3.3, ʨʠʩ. 

3.10). 

 

3.4.3. ʆʧʦʨʥʳʝ ʣʠʥʠʠ 

 

ʌʫʥʢʮʠʷ abline ()  ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʦʧʦʨʥʳʭ ʣʠʥʠʡ ʥʘ ʥʘʰʫ ʜʠʘʛʨʘʤʤʫ. ʌʦʨʤʘʪ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʚ: 

 
abline ( h=ʟʥʘʯʝʥʠʝ_y , v=ʟʥʘʯʝʥʠʝ_x )  

 

ʇʨʠ ʧʦʤʦʱʠ ʵʪʦʡ ʬʫʥʢʮʠʠ ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʜʨʫʛʠʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʥʘʧʨʠʤʝʨ, ʮʚʝʪ, 

ʪʠʧ ʠ ʰʠʨʠʥʫ ʣʠʥʠʡ). ʅʘʧʨʠʤʝʨ, ʢʦʤʘʥʜʘ 

 
abline(h=c(1,5,7))  

 

ʜʦʙʘʚʣʷʝʪ ʥʘ ʜʠʘʛʨʘʤʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ, ʧʝʨʝʩʝʢʘʶʱʠʝ ʦʩʴ y ʚ ʟʥʘʯʝʥʠʷʭ 1, 5 ʠ 7, 

ʪʦʛʜʘ ʢʘʢ ʢʦʤʘʥʜʘ 

 
abline(v=seq(1, 10, 2), lty=2, col="blue")  

 

ʩʦʟʜʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʩʠʥʠʝ ʣʠʥʠʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʩʝʢʘʶʪ ʦʩʴ x ʚ ʟʥʘʯʝʥʠʷʭ 1, 3, 5, 7 ʠ 9. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 3.3 ʩʦʜʝʨʞʠʪ ʢʦʤʘʥʜʫ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʦʧʦʨʥʦʡ ʣʠʥʠʠ y=30  ʜʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ ʩ 

ʣʝʢʘʨʩʪʚʘʤʠ. ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.10. 

 



3.4.4. ʃʝʛʝʥʜʘ 

 

ʂʦʛʜʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʝ ʦʜʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʠʣʠ ʦʜʥʦʡ ʛʨʫʧʧʳ ʦʙʲʝʢʪʦʚ, 

ʣʝʛʝʥʜʘ ʧʦʤʦʛʘʝʪ ʫʟʥʘʪʴ, ʯʪʦ ʠʟʦʙʨʘʞʘʝʪ ʢʘʞʜʳʡ ʩʪʦʣʙʠʢ, ʬʨʘʛʤʝʥʪ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʠʣʠ ʣʠʥʠ.̫ 

ʃʝʛʝʥʜʫ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʥʘ ʜʠʘʛʨʘʤʤʫ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ legend () . ʌʦʨʤʘʪ ʝʝ ʧʨʠʤʝʥʝʥʠʷ 

ʪʘʢʦʚ: 

 
legend( location , title , legend , ...)  

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʘʨʛʫʤʝʥʪʳ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣ. 3.8. 

 

ʊʘʙʣ. 3.8. ɸʨʛʫʤʝʥʪʳ ʬʫʥʢʮʠʠ legend()  

 

ɸʨʛʫʤʝʥʪ ʆʧʠʩʘʥʠʝ 

location  ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʣʝʛʝʥʜʳ ʥʘ 

ʜʠʘʛʨʘʤʤʝ. ʄʦʞʥʦ ʫʢʘʟʘʪʴ x,y ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʭʥʝʛʦ ʣʝʚʦʛʦ ʫʛʣʘ ʣʝʛʝʥʜʳ. 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʘʥʜʫ locator (1) ; ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳ 

ʠʩʧʦʣʴʟʫʝʪʝ ʤʳʰʢʫ, ʯʪʦʙʳ ʫʢʘʟʘʪʴ ʧʦʣʦʞʝʥʠʝ ʣʝʛʝʥʜʳ. ʊʘʢʞʝ ʤʦʞʥʦ 

ʦʙʦʟʥʘʯʘʪʴ ʧʦʣʦʞʝʥʠʝ ʣʝʛʝʥʜʳ ʧʨʠ ʧʦʤʦʱʠ ʢʣʶʯʝʚʳʭ ʩʣʦʚ bottom  

(ʚʥʠʟʫ), bottomleft  (ʚʥʠʟʫ ʩʣʝʚʘ), left  (ʩʣʝʚʘ), 

topleft  (ʩʚʝʨʭʫ ʩʣʝʚʘ), top  (ʩʚʝʨʭʫ), topright  (ʩʚʝʨʭʫ ʩʧʨʘʚʘ), 

right  (ʩʧʨʘʚʘ), bottomright  (ʩʥʠʟʫ ʩʧʨʘʚʘ) ʠʣʠ center  (ʚ ʮʝʥʪʨʝ). 

ɽʩʣʠ ʚʳ ʧʨʠʤʝʥʷʝʪʝ ʦʜʥʦ ʠʟ ʵʪʠʭ ʢʣʶʯʝʚʳʭ ʩʣʦʚ, ʤʦʞʥʦ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨ inset = ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʢʘʟʘʪʴ, ʢʘʢ ʜʘʣʝʢʦ (ʚ 

ʜʦʣʷʭ ʦʪ ʨʘʟʤʝʨʘ ʜʠʘʛʨʘʤʤʳ) ʥʫʞʥʦ ʩʜʚʠʥʫʪʴ ʣʝʛʝʥʜʫ ʚʥʫʪʨʴ ʜʠʘʛʨʘʤʤʳ. 

title  ʊʝʢʩʪʦʚʘʷ ʩʪʨʦʢʘ ï ʥʘʟʚʘʥʠʝ ʣʝʛʝʥʜʳ (ʥʝʦʙʷʟʘʪʝʣʴʥʦ) 

legend  ʊʝʢʩʪʦʚʳʡ ʚʝʢʪʦʨ ʩ ʨʘʩʰʠʬʨʦʚʢʦʡ ʟʥʘʯʝʥʠʡ ʣʝʛʝʥʜʳ. 

é ɼʨʫʛʠʝ ʘʨʛʫʤʝʥʪʳ. ɽʩʣʠ ʣʝʛʝʥʜʘ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ ʮʚʝʪʘ ʣʠʥʠʡ, ʫʢʘʞʠʪʝ 

col = ʠ ʧʨʠʚʝʜʠʪʝ ʚʝʢʪʦʨ ʩ ʥʘʟʚʘʥʠʷʤʠ ʮʚʝʪʦʚ. ɽʩʣʠ ʣʝʛʝʥʜʘ ʧʦʷʩʥʷʝʪ 

ʪʠʧʳ ʩʠʤʚʦʣʦʚ, ʫʢʘʞʠʪʝ pch = ʠ ʧʨʠʚʝʜʠʪʝ ʚʝʢʪʦʨ ʩ ʥʦʤʝʨʘʤʠ ʩʠʤʚʦʣʦʚ. 

ɽʩʣʠ ʣʝʛʝʥʜʘ ʫʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʷ ʣʠʥʠʡ ʨʘʟʥʦʡ ʰʠʨʠʥʳ ʠʣʠ ʩʪʠʣʷ, 

ʠʩʧʦʣʴʟʫʡʪʝ lwd = ʠʣʠ lty = ʠ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʳ ʠʣʠ ʩʪʠʣʷ ʣʠʥʠʡ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʚ ʣʝʛʝʥʜʫ ʟʘʢʨʘʰʝʥʥʳʝ ʢʚʘʜʨʘʪʠʢʠ (ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʪʦʣʙʯʘʪʳʭ ʠʣʠ ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ), ʠʩʧʦʣʴʟʫʡʪʝ 

fill = ʠ ʚʝʢʪʦʨ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʮʚʝʪʦʚ. 

 

ɼʨʫʛʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʘʨʛʫʤʝʥʪʳ ʬʫʥʢʮʠʠ legend ()  ï ʵʪʦ bty  (ʪʠʧ ʨʘʤʢʠ), bg  (ʮʚʝʪ ʬʦʥʘ), 

cex  (ʨʘʟʤʝʨ ʪʝʢʩʪʘ) ʠ text . col  (ʮʚʝʪ ʪʝʢʩʪʘ). ʃʝʛʝʥʜʫ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʘ ʥʝ 

ʚʝʨʪʠʢʘʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ ʘʨʛʫʤʝʥʪʘ horiz =TRUE. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʣʝʛʝʥʜʘʭ, ʯʠʪʘʡʪʝ help ( legend ). ʆʩʦʙʝʥʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʬʘʡʣʝ ʩʧʨʘʚʢʠ 

ʧʨʠʤʝʨʳ. 

ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʰʠʭ ʜʘʥʥʳʭ ʧʦ ʣʝʢʘʨʩʪʚʘʤ (ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʜ 3.3). ʄʳ ʚʥʦʚʴ ʠʩʧʦʣʴʟʫʝʤ ʤʥʦʛʦ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʫʩʧʝʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ. 

ʇʦʣʫʯʠʚʰʠʡʩʷ ʛʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.10. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 3.3. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʧʘʮʠʝʥʪʘ ʥʘ ʨʘʟʥʳʝ ʜʦʟʳ ʣʝʢʘʨʩʪʚ A ʠ B 

 
dose  < -  c(20, 30, 40, 45, 60)  

drugA < -  c(16, 20, 27, 40, 60)  

drugB < -  c(15, 18, 25, 31, 40)  

opar < -  par(no.readonly=TRUE)  

par(lwd=2, cex=1.5, font.lab=2) Å ʋʚʝʣʠʯʠʚʘʝʤ ʰʠʨʠʥʫ ʣʠʥʠʠ, ʨʘʟʤʝʨ ʩʠʤʚʦʣʦʚ ʠ 

ʧʦʜʧʠʩʝʡ  



plot(dose, drugA, type="b",  Å ʉʦʟʜʘʝʤ ʛʨʘʬʠʢ 

     pch=15, lty=1, col="red", ylim=c(0, 60),  

     main="Drug A vs. Drug B",  

     xlab="Drug Dosage",  ylab="Drug Response")  

lines(dose, drugB, type="b",  

      pch=17, lty=2, col="blue")  

abline(h=c(30), lwd=1.5, lty=2, col="gray")  

library ( Hmisc )  Å ï ɼʦʙʘʚʣʷʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʜʝʣʝʥʠʷ ʥʘ ʦʩʷʭ 

minor.tick(nx=3, ny=3, tick.ratio=0.5)  

legend("topleft", inset= .05, title="Drug Type", c("A","B"), Å ɼʦʙʘʚʣʷʝʤ 

ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 

       lty=c(1, 2), pch=c(15, 17), col=c("red", "blue"))  

par(opar)  

 

ʈʠʩ. 3.10. ɸʥʥʦʪʠʨʦʚʘʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʣʝʢʘʨʩʪʚ A ʠ B 

 
ʇʦʯʪʠ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʛʨʘʬʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 3.10, ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʘʥʜ, ʦʧʠʩʘʥʥʳʭ ʚ ʵʪʦʡ ʛʣʘʚʝ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʥʘʟʥʘʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʩʣʝʜʥʠʡ ʪʠʧ ʘʥʥʦʪʠʨʦʚʘʥʠʷ ʜʠʘʛʨʘʤʤʳ, ʢʦʪʦʨʳʡ ʥʘʤ ʦʩʪʘʣʦʩʴ 

ʨʘʩʩʤʦʪʨʝʪʴ, ʵʪʦ ʜʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʘ. ʕʪʦʪ ʘʩʧʝʢʪ ʨʘʟʦʙʨʘʥ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

 

3.4.5. ɸʥʥʦʪʘʮʠʠ 

 

ʊʝʢʩʪ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʥʘ ʜʠʘʛʨʘʤʤʫ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜ text()  ʠ mtext() . ʂʦʤʘʥʜʘ text()  

ʧʦʟʚʦʣʷʝʪ ʧʦʤʝʩʪʠʪʴ ʪʝʢʩʪ ʚʥʫʪʨʠ ʜʠʘʛʨʘʤʤʳ, ʘ ʬʫʥʢʮʠʷ mtext()  ʨʘʟʤʝʱʘʝʪ ʪʝʢʩʪ ʥʘ ʦʜʥʦʤ ʠʟ 

ʯʝʪʳʨʝʭ ʧʦʣʝʡ ʜʠʘʛʨʘʤʤʳ. ʌʦʨʤʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʚʳ: 

 
text(location, " ʪʝʢʩʪ", pos , ...)  



mtext(" ʪʝʢʩʪ", side , line= n, ...)  

 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʨʛʫʤʝʥʪʳ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣ. 3.9. 

 

ʊʘʙʣ. 3.9. ɸʨʛʫʤʝʥʪʳ ʜʣʷ ʬʫʥʢʮʠʡ text()  ʠ mtext()  

 

ʌʫʥʢʮʠʷ ʆʧʠʩʘʥʠʝ 

location  ʇʦʣʦʞʝʥʠʝ ʤʦʞʥʦ ʫʢʘʟʳʚʘʪʴ ʚ ʚʠʜʝ x,y 

ʢʦʦʨʜʠʥʘʪ. ʀʣʠ ʞʝ ʪʝʢʩʪ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ 

ʥʘ ʜʠʘʛʨʘʤʤʝ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʧʨʠ 

ʧʦʤʦʱʠ ʤʳʰʢʠ, ʫʢʘʟʘʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʣʦʞʝʥʠʷ locator (1)  

pos  ʇʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ, ʫʢʘʟʘʥʥʦʡ 

ʧʨʝʜʳʜʫʱʠʤ ʧʘʨʘʤʝʪʨʦʤ. 1 ï ʩʥʠʟʫ, 2 ï 

ʩʣʝʚʘ, 3 ï ʩʚʝʨʭʫ, 4 ï ʩʧʨʘʚʘ. ɽʩʣʠ ʚʳ 

ʫʢʘʟʘʣʠ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʤʦʞʥʦ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨ offset = (ʚ 

ʧʨʦʮʝʥʪʘʭ ʦʪ ʰʠʨʠʥʳ ʙʫʢʚʳ).   

side  ʋʢʘʟʳʚʘʝʪ, ʥʘ ʢʘʢʦʤ ʧʦʣʝ ʨʘʟʤʝʱʘʪʴ ʪʝʢʩʪ, 

ʛʜʝ 1 ï ʥʠʞʥʝʝ, 2 ï ʣʝʚʦʝ, 3 ï ʚʝʨʭʥʝʝ, 4 ï 

ʧʨʘʚʦʝ. ʇʨʠ ʧʦʤʦʱʠ ʧʘʨʘʤʝʪʨʘ line = 

ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʦʤʝʨ ʩʪʨʦʢʠ ʥʘ ʧʦʣʷʭ 

(ʥʘʯʠʥʘʷ ʩ 0, ʙʣʠʞʘʡʰʝʡ ʢ ʜʠʘʛʨʘʤʤʝ). 

ʊʘʢʞʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ adj =0 ʜʣʷ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦ ʣʝʚʦʤʫ/ʥʠʞʥʝʤʫ ʢʨʘʶ 

ʠʣʠ adj =1 ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦ 

ʚʝʨʭʥʝʤʫ/ʧʨʘʚʦʤʫ ʢʨʘʶ. 

 

ɼʨʫʛʠʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʨʛʫʤʝʥʪʳ ï ʵʪʦ cex , col  ʠ font  (ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ, ʮʚʝʪʘ ʠ 

ʩʪʠʣʷ ʰʨʠʬʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʌʫʥʢʮʠʷ text ()  ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʧʠʩʳʚʘʪʴ ʪʦʯʢʠ ʥʘ ʜʠʘʛʨʘʤʤʝ ʠ 

ʯʪʦʙʳ ʜʦʙʘʚʣʷʪʴ ʜʨʫʛʠʝ ʥʘʜʧʠʩʠ. ʅʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʧʦʣʦʞʝʥʠʝ ʥʘʜʧʠʩʝʡ, ʢʘʢ ʥʘʙʦʨ x,y-

ʢʦʦʨʜʠʥʘʪ, ʠ ʩʘʤʠ ʥʘʜʧʠʩʠ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ ʚʝʢʪʦʨʘ. ɺʝʢʪʦʨʳ x,y-ʢʦʦʨʜʠʥʘʪ ʠ ʥʘʜʧʠʩʝʡ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.11. 

 
attach(mtcars)  

plot(wt, mpg,  

     main="Mileage vs. Car Weight",  

     xlab="Weight", ylab="Mileage",  

     pch=18, col="blue")  

text(wt, mpg,  

     row.names(mtcars),  

     cex=0.6, pos=4, col="red")  

detach(mtcars)  

 



ʈʠʩ. 3.11. ʇʨʠʤʝʨ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ (ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ï mileage ʦʪ ʚʝʩʘ ʤʘʰʠʥʳ ï 

weight) ʩ ʧʦʜʧʠʩʘʥʥʳʤʠ ʪʦʯʢʘʤʠ (ʤʘʨʢʘ ʤʘʰʠʥʳ) 

 
ɿʜʝʩʴ ʤʳ ʥʘʥʝʩʣʠ ʥʘ ʜʠʘʛʨʘʤʤʫ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʩʘ ʤʘʰʠʥʳ ʜʣʷ 32 ʤʘʨʦʢ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ mtcars . ʌʫʥʢʮʠʷ text ()  ʠʩʧʦʣʴʟʦʚʘʥʘ, ʯʪʦʙʳ 

ʜʦʙʘʚʠʪʴ ʥʘʟʚʘʥʠʷ ʤʘʨʦʢ ʤʘʰʠʥ ʩʧʨʘʚʘ ʦʪ ʢʘʞʜʦʡ ʪʦʯʢʠ. ʇʦʜʧʠʩʠ ʫʤʝʥʴʰʝʥʳ ʥʘ 40% ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʨʘʟʤʝʨʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠ ʚʳʜʝʣʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʟʥʳʭ ʩʝʤʝʡʩʪʚ ʰʨʠʬʪʦʚ: 

 
opar  <-  par ( no. readonly =TRUE)  

par(cex=1.5)  

plot(1:7,1:7,type="n")  

text(3,3, "Example of default text")  

text(4,4,family="mono","Example of mono - spaced text")  

text(5,5,family="serif","Example of serif text")  

par(opar)  

 

ʈʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Windows, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.12. ɿʜʝʩʴ ʬʫʥʢʮʠʷ 

par ()  ʧʨʠʤʝʥʝʥʘ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨ ʰʨʠʬʪʘ ʜʣʷ ʙʦʣʝʝ ʫʜʘʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʢʩʪʘ. 

 


