
Five-Minute Review
1. What is a variable?
2. What is a class? An object?
3. What is a package?
4. What is a method? A constructor?
5. What is an object variable?
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Programming – Lecture 3
Expressions etc. (Chapter 3)
• Aside: Context Free Grammars
• Expressions
• Primitive types
• Aside: representing integers
• Constants, variables
• Identifiers
• Variable declarations
• Arithmetic expressions
• Operator precedence
• Assignment statements
• Booleans 2



Aside: Context-Free Grammars (CFGs)

Can specify syntax of a program (or parts of 
a program) as CFG

Note: “Aside” indicates that this material is not 
covered in the book, but still part of the class 
content, also relevant for exam.

For further reference, see e.g.: 
https://en.wikipedia.org/wiki/Context-free_grammar
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Why You Should Care About CFGs
The Java® Language Specification
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LegaO NRWice

TabOe Rf CRQWeQWV
1. IQWURdXcWiRQ

1.1. OUgaQi]aWiRQ Rf Whe SSecificaWiRQ
1.2. E[aPSOe PURgUaPV
1.3. NRWaWiRQ
1.4. ReOaWiRQVhiS WR PUedefiQed COaVVeV aQd IQWeUfaceV
1.5. Feedback
1.6. RefeUeQceV

2. GUaPPaUV

2.1. CRQWe[W­FUee GUaPPaUV
2.2. The Le[icaO GUaPPaU
2.3. The S\QWacWic GUaPPaU
2.4. GUaPPaU NRWaWiRQ

3. Le[icaO SWUXcWXUe

3.1. UQicRde
3.2. Le[icaO TUaQVOaWiRQV
3.3. UQicRde EVcaSeV
3.4. LiQe TeUPiQaWRUV
3.5. IQSXW EOePeQWV aQd TRkeQV
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3.6. WKLWH SSDFH
3.7. CRPPHQWV
3.8. IGHQWLILHUV
3.9. KH\ZRUGV
3.10. LLWHUDOV

3.10.1. IQWHJHU LLWHUDOV
3.10.2. FORDWLQJ­PRLQW LLWHUDOV
3.10.3. BRROHDQ LLWHUDOV
3.10.4. CKDUDFWHU LLWHUDOV
3.10.5. SWULQJ LLWHUDOV
3.10.6. EVFDSH SHTXHQFHV IRU CKDUDFWHU DQG SWULQJ LLWHUDOV
3.10.7. TKH NXOO LLWHUDO

3.11. SHSDUDWRUV
3.12. OSHUDWRUV

4. T\SHV, VDOXHV, DQG VDULDEOHV

4.1. TKH KLQGV RI T\SHV DQG VDOXHV
4.2. PULPLWLYH T\SHV DQG VDOXHV

4.2.1. IQWHJUDO T\SHV DQG VDOXHV
4.2.2. IQWHJHU OSHUDWLRQV
4.2.3. FORDWLQJ­PRLQW T\SHV, FRUPDWV, DQG VDOXHV
4.2.4. FORDWLQJ­PRLQW OSHUDWLRQV
4.2.5. TKH bRROeaQ T\SH DQG ERROHDQ VDOXHV

4.3. RHIHUHQFH T\SHV DQG VDOXHV

4.3.1. OEMHFWV
4.3.2. TKH CODVV ObMecW
4.3.3. TKH CODVV SWULQg
4.3.4. WKHQ RHIHUHQFH T\SHV AUH WKH SDPH

4.4. T\SH VDULDEOHV
4.5. PDUDPHWHUL]HG T\SHV

4.5.1. T\SH AUJXPHQWV RI PDUDPHWHUL]HG T\SHV
4.5.2. MHPEHUV DQG CRQVWUXFWRUV RI PDUDPHWHUL]HG T\SHV

4.6. T\SH EUDVXUH
4.7. RHLILDEOH T\SHV
4.8. RDZ T\SHV
4.9. IQWHUVHFWLRQ T\SHV
4.10. SXEW\SLQJ

4.10.1. SXEW\SLQJ DPRQJ PULPLWLYH T\SHV
4.10.2. SXEW\SLQJ DPRQJ CODVV DQG IQWHUIDFH T\SHV
4.10.3. SXEW\SLQJ DPRQJ AUUD\ T\SHV
4.10.4. LHDVW USSHU BRXQG

4.11. WKHUH T\SHV AUH UVHG
4.12. VDULDEOHV

4.12.1. VDULDEOHV RI PULPLWLYH T\SH
4.12.2. VDULDEOHV RI RHIHUHQFH T\SH
4.12.3. KLQGV RI VDULDEOHV
4.12.4. fLQaO VDULDEOHV
4.12.5. IQLWLDO VDOXHV RI VDULDEOHV
4.12.6. T\SHV, CODVVHV, DQG IQWHUIDFHV

5. CRQYHUVLRQV DQG CRQWH[WV

5.1. KLQGV RI CRQYHUVLRQ

5.1.1. IGHQWLW\ CRQYHUVLRQ
5.1.2. WLGHQLQJ PULPLWLYH CRQYHUVLRQ
5.1.3. NDUURZLQJ PULPLWLYH CRQYHUVLRQ
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5.1.4. WLGHQLQJ aQG NaUURZLQJ PULPLWLYH CRQYHUVLRQ
5.1.5. WLGHQLQJ RHIHUHQFH CRQYHUVLRQ
5.1.6. NaUURZLQJ RHIHUHQFH CRQYHUVLRQ

5.1.6.1. AOORZHG NaUURZLQJ RHIHUHQFH CRQYHUVLRQ
5.1.6.2. CKHFNHG aQG UQFKHFNHG NaUURZLQJ RHIHUHQFH CRQYHUVLRQV
5.1.6.3. NaUURZLQJ RHIHUHQFH CRQYHUVLRQV aW RXQ TLPH

5.1.7. BR[LQJ CRQYHUVLRQ
5.1.8. UQbR[LQJ CRQYHUVLRQ
5.1.9. UQFKHFNHG CRQYHUVLRQ
5.1.10. CaSWXUH CRQYHUVLRQ
5.1.11. SWULQJ CRQYHUVLRQ
5.1.12. FRUbLGGHQ CRQYHUVLRQV
5.1.13. VaOXH SHW CRQYHUVLRQ

5.2. AVVLJQPHQW CRQWH[WV
5.3. IQYRFaWLRQ CRQWH[WV
5.4. SWULQJ CRQWH[WV
5.5. CaVWLQJ CRQWH[WV
5.6. NXPHULF CRQWH[WV

5.6.1. UQaU\ NXPHULF PURPRWLRQ
5.6.2. BLQaU\ NXPHULF PURPRWLRQ

6. NaPHV

6.1. DHFOaUaWLRQV
6.2. NaPHV aQG IGHQWLILHUV
6.3. SFRSH RI a DHFOaUaWLRQ
6.4. SKaGRZLQJ aQG ObVFXULQJ

6.4.1. SKaGRZLQJ
6.4.2. ObVFXULQJ

6.5. DHWHUPLQLQJ WKH MHaQLQJ RI a NaPH

6.5.1. S\QWaFWLF COaVVLILFaWLRQ RI a NaPH AFFRUGLQJ WR CRQWH[W
6.5.2. RHFOaVVLILFaWLRQ RI CRQWH[WXaOO\ APbLJXRXV NaPHV
6.5.3. MHaQLQJ RI MRGXOH NaPHV aQG PaFNaJH NaPHV

6.5.3.1. SLPSOH PaFNaJH NaPHV
6.5.3.2. QXaOLILHG PaFNaJH NaPHV

6.5.4. MHaQLQJ RI PacNageOUT\SeNaPeV

6.5.4.1. SLPSOH PacNageOUT\SeNaPeV
6.5.4.2. QXaOLILHG PacNageOUT\SeNaPeV

6.5.5. MHaQLQJ RI T\SH NaPHV

6.5.5.1. SLPSOH T\SH NaPHV
6.5.5.2. QXaOLILHG T\SH NaPHV

6.5.6. MHaQLQJ RI E[SUHVVLRQ NaPHV

6.5.6.1. SLPSOH E[SUHVVLRQ NaPHV
6.5.6.2. QXaOLILHG E[SUHVVLRQ NaPHV

6.5.7. MHaQLQJ RI MHWKRG NaPHV

6.5.7.1. SLPSOH MHWKRG NaPHV

6.6. AFFHVV CRQWURO

6.6.1. DHWHUPLQLQJ AFFHVVLbLOLW\
6.6.2. DHWaLOV RQ SUoWecWed AFFHVV

6.6.2.1. AFFHVV WR a SUoWecWed MHPbHU
6.6.2.2. AFFHVV WR a SUoWecWed CRQVWUXFWRU
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6.7. FXOO\ QXaOLILHG NaPHV aQG CaQRQLFaO NaPHV

7. PaFNaJHV aQG MRGXOHV

7.1. PaFNaJH MHPbHUV
7.2. HRVW SXSSRUW IRU MRGXOHV aQG PaFNaJHV
7.3. CRPSLOaWLRQ UQLWV
7.4. PaFNaJH DHFOaUaWLRQV

7.4.1. NaPHG PaFNaJHV
7.4.2. UQQaPHG PaFNaJHV
7.4.3. PaFNaJH ObVHUYabLOLW\ aQG VLVLbLOLW\

7.5. IPSRUW DHFOaUaWLRQV

7.5.1. SLQJOH­T\SH­IPSRUW DHFOaUaWLRQV
7.5.2. T\SH­IPSRUW­RQ­DHPaQG DHFOaUaWLRQV
7.5.3. SLQJOH­SWaWLF­IPSRUW DHFOaUaWLRQV
7.5.4. SWaWLF­IPSRUW­RQ­DHPaQG DHFOaUaWLRQV

7.6. TRS LHYHO T\SH DHFOaUaWLRQV
7.7. MRGXOH DHFOaUaWLRQV

7.7.1. DHSHQGHQFHV
7.7.2. E[SRUWHG aQG OSHQHG PaFNaJHV
7.7.3. SHUYLFH CRQVXPSWLRQ
7.7.4. SHUYLFH PURYLVLRQ
7.7.5. UQQaPHG MRGXOHV
7.7.6. ObVHUYabLOLW\ RI a MRGXOH

8. COaVVHV

8.1. COaVV DHFOaUaWLRQV

8.1.1. COaVV MRGLILHUV

8.1.1.1. abVWUacW COaVVHV
8.1.1.2. final COaVVHV
8.1.1.3. VWUicWfS COaVVHV

8.1.2. GHQHULF COaVVHV aQG T\SH PaUaPHWHUV
8.1.3. IQQHU COaVVHV aQG EQFORVLQJ IQVWaQFHV
8.1.4. SXSHUFOaVVHV aQG SXbFOaVVHV
8.1.5. SXSHULQWHUIaFHV
8.1.6. COaVV BRG\ aQG MHPbHU DHFOaUaWLRQV

8.2. COaVV MHPbHUV
8.3. FLHOG DHFOaUaWLRQV

8.3.1. FLHOG MRGLILHUV

8.3.1.1. VWaWic FLHOGV
8.3.1.2. final FLHOGV
8.3.1.3. WUanVienW FLHOGV
8.3.1.4. YRlaWile FLHOGV

8.3.2. FLHOG IQLWLaOL]aWLRQ
8.3.3. RHVWULFWLRQV RQ FLHOG RHIHUHQFHV LQ IQLWLaOL]HUV

8.4. MHWKRG DHFOaUaWLRQV

8.4.1. FRUPaO PaUaPHWHUV
8.4.2. MHWKRG SLJQaWXUH
8.4.3. MHWKRG MRGLILHUV

8.4.3.1. abVWUacW MHWKRGV
8.4.3.2. VWaWic MHWKRGV
8.4.3.3. final MHWKRGV
8.4.3.4. naWiYe MHWKRGV
8.4.3.5. VWUicWfS MHWKRGV
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8.4.3.6. synchronized MHWKRGV

8.4.4. GHQHULF MHWKRGV
8.4.5. MHWKRG RHVXOW
8.4.6. MHWKRG TKURZV
8.4.7. MHWKRG BRG\
8.4.8. IQKHULWaQFH, OYHUULGLQJ, aQG HLGLQJ

8.4.8.1. OYHUULGLQJ (b\ IQVWaQFH MHWKRGV)
8.4.8.2. HLGLQJ (b\ COaVV MHWKRGV)
8.4.8.3. RHTXLUHPHQWV LQ OYHUULGLQJ aQG HLGLQJ
8.4.8.4. IQKHULWLQJ MHWKRGV ZLWK OYHUULGH­ETXLYaOHQW SLJQaWXUHV

8.4.9. OYHUORaGLQJ

8.5. MHPbHU T\SH DHFOaUaWLRQV

8.5.1. SWaWLF MHPbHU T\SH DHFOaUaWLRQV

8.6. IQVWaQFH IQLWLaOL]HUV
8.7. SWaWLF IQLWLaOL]HUV
8.8. CRQVWUXFWRU DHFOaUaWLRQV

8.8.1. FRUPaO PaUaPHWHUV
8.8.2. CRQVWUXFWRU SLJQaWXUH
8.8.3. CRQVWUXFWRU MRGLILHUV
8.8.4. GHQHULF CRQVWUXFWRUV
8.8.5. CRQVWUXFWRU TKURZV
8.8.6. TKH T\SH RI a CRQVWUXFWRU
8.8.7. CRQVWUXFWRU BRG\

8.8.7.1. E[SOLFLW CRQVWUXFWRU IQYRFaWLRQV

8.8.8. CRQVWUXFWRU OYHUORaGLQJ
8.8.9. DHIaXOW CRQVWUXFWRU
8.8.10. PUHYHQWLQJ IQVWaQWLaWLRQ RI a COaVV

8.9. EQXP T\SHV

8.9.1. EQXP CRQVWaQWV
8.9.2. EQXP BRG\ DHFOaUaWLRQV
8.9.3. EQXP MHPbHUV

9. IQWHUIaFHV

9.1. IQWHUIaFH DHFOaUaWLRQV

9.1.1. IQWHUIaFH MRGLILHUV

9.1.1.1. abstract IQWHUIaFHV
9.1.1.2. strictfp IQWHUIaFHV

9.1.2. GHQHULF IQWHUIaFHV aQG T\SH PaUaPHWHUV
9.1.3. SXSHULQWHUIaFHV aQG SXbLQWHUIaFHV
9.1.4. IQWHUIaFH BRG\ aQG MHPbHU DHFOaUaWLRQV

9.2. IQWHUIaFH MHPbHUV
9.3. FLHOG (CRQVWaQW) DHFOaUaWLRQV

9.3.1. IQLWLaOL]aWLRQ RI FLHOGV LQ IQWHUIaFHV

9.4. MHWKRG DHFOaUaWLRQV

9.4.1. IQKHULWaQFH aQG OYHUULGLQJ

9.4.1.1. OYHUULGLQJ (b\ IQVWaQFH MHWKRGV)
9.4.1.2. RHTXLUHPHQWV LQ OYHUULGLQJ
9.4.1.3. IQKHULWLQJ MHWKRGV ZLWK OYHUULGH­ETXLYaOHQW SLJQaWXUHV

9.4.2. OYHUORaGLQJ
9.4.3. IQWHUIaFH MHWKRG BRG\
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9.5. MHPEHU 7\SH DHFODUDWLRQV
9.6. AQQRWDWLRQ 7\SHV

9.6.1. AQQRWDWLRQ 7\SH EOHPHQWV
9.6.2. DHIDXOWV IRU AQQRWDWLRQ 7\SH EOHPHQWV
9.6.3. RHSHDWDEOH AQQRWDWLRQ 7\SHV
9.6.4. PUHGHILQHG AQQRWDWLRQ 7\SHV

9.6.4.1. @TaUJHW
9.6.4.2. @RHWHQWLRQ
9.6.4.3. @IQKHULWHd
9.6.4.4. @OYHUULdH
9.6.4.5. @SXSSUHVVWaUQLQJV
9.6.4.6. @DHSUHcaWHd
9.6.4.7. @SaIHVaUaUJV
9.6.4.8. @RHSHaWabOH
9.6.4.9. @FXQcWLRQaOIQWHUIacH

9.7. AQQRWDWLRQV

9.7.1. NRUPDO AQQRWDWLRQV
9.7.2. MDUNHU AQQRWDWLRQV
9.7.3. 6LQJOH­EOHPHQW AQQRWDWLRQV
9.7.4. :KHUH AQQRWDWLRQV MD\ ASSHDU
9.7.5. MXOWLSOH AQQRWDWLRQV RI WKH 6DPH 7\SH

9.8. FXQFWLRQDO IQWHUIDFHV
9.9. FXQFWLRQ 7\SHV

10. AUUD\V

10.1. AUUD\ 7\SHV
10.2. AUUD\ 9DULDEOHV
10.3. AUUD\ CUHDWLRQ
10.4. AUUD\ AFFHVV
10.5. AUUD\ 6WRUH E[FHSWLRQ
10.6. AUUD\ IQLWLDOL]HUV
10.7. AUUD\ MHPEHUV
10.8. COaVV OEMHFWV IRU AUUD\V
10.9. AQ AUUD\ RI CKDUDFWHUV IV NRW D SWULQJ

11. E[FHSWLRQV

11.1. 7KH KLQGV DQG CDXVHV RI E[FHSWLRQV

11.1.1. 7KH KLQGV RI E[FHSWLRQV
11.1.2. 7KH CDXVHV RI E[FHSWLRQV
11.1.3. AV\QFKURQRXV E[FHSWLRQV

11.2. CRPSLOH­7LPH CKHFNLQJ RI E[FHSWLRQV

11.2.1. E[FHSWLRQ AQDO\VLV RI E[SUHVVLRQV
11.2.2. E[FHSWLRQ AQDO\VLV RI 6WDWHPHQWV
11.2.3. E[FHSWLRQ CKHFNLQJ

11.3. RXQ­7LPH HDQGOLQJ RI DQ E[FHSWLRQ

12. E[HFXWLRQ

12.1. JDYD 9LUWXDO MDFKLQH 6WDUWXS

12.1.1. LRDG WKH CODVV THVW
12.1.2. LLQN THVW: 9HULI\, PUHSDUH, (OSWLRQDOO\) RHVROYH
12.1.3. IQLWLDOL]H 7HVW: E[HFXWH IQLWLDOL]HUV
12.1.4. IQYRNH THVW.PaLQ

12.2. LRDGLQJ RI CODVVHV DQG IQWHUIDFHV

12.2.1. 7KH LRDGLQJ PURFHVV
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12.3. LLQNLQJ RI COaVVHV aQG IQWHUIaFHV

12.3.1. VHULILFaWLRQ RI WKH BLQaU\ RHSUHVHQWaWLRQ
12.3.2. PUHSaUaWLRQ RI a COaVV RU IQWHUIaFH T\SH
12.3.3. RHVROXWLRQ RI S\PbROLF RHIHUHQFHV

12.4. IQLWLaOL]aWLRQ RI COaVVHV aQG IQWHUIaFHV

12.4.1. WKHQ IQLWLaOL]aWLRQ OFFXUV
12.4.2. DHWaLOHG IQLWLaOL]aWLRQ PURFHGXUH

12.5. CUHaWLRQ RI NHZ COaVV IQVWaQFHV
12.6. FLQaOL]aWLRQ RI COaVV IQVWaQFHV

12.6.1. IPSOHPHQWLQJ FLQaOL]aWLRQ
12.6.2. IQWHUaFWLRQ ZLWK WKH MHPRU\ MRGHO

12.7. UQORaGLQJ RI COaVVHV aQG IQWHUIaFHV
12.8. PURJUaP E[LW

13. BLQaU\ CRPSaWLbLOLW\

13.1. TKH FRUP RI a BLQaU\
13.2. WKaW BLQaU\ CRPSaWLbLOLW\ IV aQG IV NRW
13.3. EYROXWLRQ RI PaFNaJHV aQG MRGXOHV
13.4. EYROXWLRQ RI COaVVHV

13.4.1. abstract COaVVHV
13.4.2. final COaVVHV
13.4.3. public COaVVHV
13.4.4. SXSHUFOaVVHV aQG SXSHULQWHUIaFHV
13.4.5. COaVV T\SH PaUaPHWHUV
13.4.6. COaVV BRG\ aQG MHPbHU DHFOaUaWLRQV
13.4.7. AFFHVV WR MHPbHUV aQG CRQVWUXFWRUV
13.4.8. FLHOG DHFOaUaWLRQV
13.4.9. final FLHOGV aQG static CRQVWaQW VaULabOHV
13.4.10. static FLHOGV
13.4.11. transient FLHOGV
13.4.12. MHWKRG aQG CRQVWUXFWRU DHFOaUaWLRQV
13.4.13. MHWKRG aQG CRQVWUXFWRU T\SH PaUaPHWHUV
13.4.14. MHWKRG aQG CRQVWUXFWRU FRUPaO PaUaPHWHUV
13.4.15. MHWKRG RHVXOW T\SH
13.4.16. abstract MHWKRGV
13.4.17. final MHWKRGV
13.4.18. natiYe MHWKRGV
13.4.19. static MHWKRGV
13.4.20. s\nchroni]ed MHWKRGV
13.4.21. MHWKRG aQG CRQVWUXFWRU TKURZV
13.4.22. MHWKRG aQG CRQVWUXFWRU BRG\
13.4.23. MHWKRG aQG CRQVWUXFWRU OYHUORaGLQJ
13.4.24. MHWKRG OYHUULGLQJ
13.4.25. SWaWLF IQLWLaOL]HUV
13.4.26. EYROXWLRQ RI EQXPV

13.5. EYROXWLRQ RI IQWHUIaFHV

13.5.1. public IQWHUIaFHV
13.5.2. SXSHULQWHUIaFHV
13.5.3. IQWHUIaFH MHPbHUV
13.5.4. IQWHUIaFH T\SH PaUaPHWHUV
13.5.5. FLHOG DHFOaUaWLRQV
13.5.6. IQWHUIaFH MHWKRG DHFOaUaWLRQV
13.5.7. EYROXWLRQ RI AQQRWaWLRQ T\SHV

14. BORFNV aQG SWaWHPHQWV

14.1. NRUPaO aQG AbUXSW CRPSOHWLRQ RI SWaWHPHQWV
14.2. BORFNV
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14.3. LRFaO COaVV DHFOaUaWLRQV
14.4. LRFaO VaULaEOH DHFOaUaWLRQ SWaWHPHQWV

14.4.1. LRFaO VaULaEOH DHFOaUaWRUV aQG T\SHV
14.4.2. E[HFXWLRQ RI LRFaO VaULaEOH DHFOaUaWLRQV

14.5. SWaWHPHQWV
14.6. TKH EPSW\ SWaWHPHQW
14.7. LaEHOHG SWaWHPHQWV
14.8. E[SUHVVLRQ SWaWHPHQWV
14.9. TKH if SWaWHPHQW

14.9.1. TKH if­then SWaWHPHQW
14.9.2. TKH if­then­else SWaWHPHQW

14.10. TKH assert SWaWHPHQW
14.11. TKH sZitch SWaWHPHQW
14.12. TKH Zhile SWaWHPHQW

14.12.1. AEUXSW CRPSOHWLRQ RI Zhile SWaWHPHQW

14.13. TKH do SWaWHPHQW

14.13.1. AEUXSW CRPSOHWLRQ RI do SWaWHPHQW

14.14. TKH for SWaWHPHQW

14.14.1. TKH EaVLF for SWaWHPHQW

14.14.1.1. IQLWLaOL]aWLRQ RI for SWaWHPHQW
14.14.1.2. IWHUaWLRQ RI for SWaWHPHQW
14.14.1.3. AEUXSW CRPSOHWLRQ RI for SWaWHPHQW

14.14.2. TKH HQKaQFHG for VWaWHPHQW

14.15. TKH break SWaWHPHQW
14.16. TKH continue SWaWHPHQW
14.17. TKH return SWaWHPHQW
14.18. TKH throZ SWaWHPHQW
14.19. TKH s\nchroni]ed SWaWHPHQW
14.20. TKH tr\ VWaWHPHQW

14.20.1. E[HFXWLRQ RI tr\­catch
14.20.2. E[HFXWLRQ RI tr\­finall\ aQG tr\­catch­finall\
14.20.3. tr\­ZLWK­UHVRXUFHV

14.20.3.1. BaVLF tr\­ZLWK­UHVRXUFHV
14.20.3.2. E[WHQGHG tr\­ZLWK­UHVRXUFHV

14.21. UQUHaFKaEOH SWaWHPHQWV

15. E[SUHVVLRQV

15.1. EYaOXaWLRQ, DHQRWaWLRQ, aQG RHVXOW
15.2. FRUPV RI E[SUHVVLRQV
15.3. T\SH RI aQ E[SUHVVLRQ
15.4. FP­VWULFW E[SUHVVLRQV
15.5. E[SUHVVLRQV aQG RXQ­TLPH CKHFNV
15.6. NRUPaO aQG AEUXSW CRPSOHWLRQ RI EYaOXaWLRQ
15.7. EYaOXaWLRQ OUGHU

15.7.1. EYaOXaWH LHIW­HaQG OSHUaQG FLUVW
15.7.2. EYaOXaWH OSHUaQGV EHIRUH OSHUaWLRQ
15.7.3. EYaOXaWLRQ RHVSHFWV PaUHQWKHVHV aQG PUHFHGHQFH
15.7.4. AUJXPHQW LLVWV aUH EYaOXaWHG LHIW­WR­RLJKW
15.7.5. EYaOXaWLRQ OUGHU IRU OWKHU E[SUHVVLRQV

15.8. PULPaU\ E[SUHVVLRQV

15.8.1. LH[LFaO LLWHUaOV
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15.8.2. CODVV LLWHUDOV
15.8.3. WhiV
15.8.4. QXDOLILHG WhiV
15.8.5. PDUHQWKHVL]HG E[SUHVVLRQV

15.9. CODVV IQVWDQFH CUHDWLRQ E[SUHVVLRQV

15.9.1. DHWHUPLQLQJ WKH CODVV EHLQJ IQVWDQWLDWHG
15.9.2. DHWHUPLQLQJ EQFORVLQJ IQVWDQFHV
15.9.3. CKRRVLQJ WKH CRQVWUXFWRU DQG LWV AUJXPHQWV
15.9.4. RXQ­7LPH EYDOXDWLRQ RI CODVV IQVWDQFH CUHDWLRQ E[SUHVVLRQV
15.9.5. AQRQ\PRXV CODVV DHFODUDWLRQV

15.9.5.1. AQRQ\PRXV CRQVWUXFWRUV

15.10. AUUD\ CUHDWLRQ DQG AFFHVV E[SUHVVLRQV

15.10.1. AUUD\ CUHDWLRQ E[SUHVVLRQV
15.10.2. RXQ­7LPH EYDOXDWLRQ RI AUUD\ CUHDWLRQ E[SUHVVLRQV
15.10.3. AUUD\ AFFHVV E[SUHVVLRQV
15.10.4. RXQ­7LPH EYDOXDWLRQ RI AUUD\ AFFHVV E[SUHVVLRQV

15.11. FLHOG AFFHVV E[SUHVVLRQV

15.11.1. FLHOG AFFHVV 8VLQJ D PULPDU\
15.11.2. AFFHVVLQJ SXSHUFODVV MHPEHUV XVLQJ VXper

15.12. MHWKRG IQYRFDWLRQ E[SUHVVLRQV

15.12.1. CRPSLOH­7LPH SWHS 1: DHWHUPLQH CODVV RU IQWHUIDFH WR SHDUFK
15.12.2. CRPSLOH­7LPH SWHS 2: DHWHUPLQH MHWKRG SLJQDWXUH

15.12.2.1. IGHQWLI\ PRWHQWLDOO\ ASSOLFDEOH MHWKRGV
15.12.2.2. PKDVH 1: IGHQWLI\ MDWFKLQJ AULW\ MHWKRGV ASSOLFDEOH E\ SWULFW IQYRFDWLRQ
15.12.2.3. PKDVH 2: IGHQWLI\ MDWFKLQJ AULW\ MHWKRGV ASSOLFDEOH E\ LRRVH IQYRFDWLRQ
15.12.2.4. PKDVH 3: IGHQWLI\ MHWKRGV ASSOLFDEOH E\ 9DULDEOH AULW\ IQYRFDWLRQ
15.12.2.5. CKRRVLQJ WKH MRVW SSHFLILF MHWKRG
15.12.2.6. MHWKRG IQYRFDWLRQ 7\SH

15.12.3. CRPSLOH­7LPH SWHS 3: IV WKH CKRVHQ MHWKRG ASSURSULDWH?
15.12.4. RXQ­7LPH EYDOXDWLRQ RI MHWKRG IQYRFDWLRQ

15.12.4.1. CRPSXWH 7DUJHW RHIHUHQFH (II NHFHVVDU\)
15.12.4.2. EYDOXDWH AUJXPHQWV
15.12.4.3. CKHFN AFFHVVLELOLW\ RI 7\SH DQG MHWKRG
15.12.4.4. LRFDWH MHWKRG WR IQYRNH
15.12.4.5. CUHDWH FUDPH, S\QFKURQL]H, 7UDQVIHU CRQWURO

15.13. MHWKRG RHIHUHQFH E[SUHVVLRQV

15.13.1. CRPSLOH­7LPH DHFODUDWLRQ RI D MHWKRG RHIHUHQFH
15.13.2. 7\SH RI D MHWKRG RHIHUHQFH
15.13.3. RXQ­7LPH EYDOXDWLRQ RI MHWKRG RHIHUHQFHV

15.14. PRVWIL[ E[SUHVVLRQV

15.14.1. E[SUHVVLRQ NDPHV
15.14.2. PRVWIL[ IQFUHPHQW OSHUDWRU ++
15.14.3. PRVWIL[ DHFUHPHQW OSHUDWRU --

15.15. 8QDU\ OSHUDWRUV

15.15.1. PUHIL[ IQFUHPHQW OSHUDWRU ++
15.15.2. PUHIL[ DHFUHPHQW OSHUDWRU --
15.15.3. 8QDU\ POXV OSHUDWRU +
15.15.4. 8QDU\ MLQXV OSHUDWRU -
15.15.5. BLWZLVH CRPSOHPHQW OSHUDWRU a
15.15.6. LRJLFDO CRPSOHPHQW OSHUDWRU !

15.16. CDVW E[SUHVVLRQV
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15.17. MXOWLSOLFaWLYH OSHUaWRUV

15.17.1. MXOWLSOLFaWLRQ OSHUaWRU *
15.17.2. DLYLVLRQ OSHUaWRU /
15.17.3. RHPaLQGHU OSHUaWRU %

15.18. AGGLWLYH OSHUaWRUV

15.18.1. SWULQJ CRQFaWHQaWLRQ OSHUaWRU +
15.18.2. AGGLWLYH OSHUaWRUV (+ aQG -) IRU NXPHULF T\SHV

15.19. SKLIW OSHUaWRUV
15.20. RHOaWLRQaO OSHUaWRUV

15.20.1. NXPHULFaO CRPSaULVRQ OSHUaWRUV <, <=, >, aQG >=
15.20.2. T\SH CRPSaULVRQ OSHUaWRU LQVWaQFHRI

15.21. ETXaOLW\ OSHUaWRUV

15.21.1. NXPHULFaO ETXaOLW\ OSHUaWRUV == aQG !=
15.21.2. BRROHaQ ETXaOLW\ OSHUaWRUV == aQG !=
15.21.3. RHIHUHQFH ETXaOLW\ OSHUaWRUV == aQG !=

15.22. BLWZLVH aQG LRJLFaO OSHUaWRUV

15.22.1. IQWHJHU BLWZLVH OSHUaWRUV &, ^, aQG _
15.22.2. BRROHaQ LRJLFaO OSHUaWRUV &, ^, aQG _

15.23. CRQGLWLRQaO­AQG OSHUaWRU &&
15.24. CRQGLWLRQaO­OU OSHUaWRU __
15.25. CRQGLWLRQaO OSHUaWRU ? :

15.25.1. BRROHaQ CRQGLWLRQaO E[SUHVVLRQV
15.25.2. NXPHULF CRQGLWLRQaO E[SUHVVLRQV
15.25.3. RHIHUHQFH CRQGLWLRQaO E[SUHVVLRQV

15.26. AVVLJQPHQW OSHUaWRUV

15.26.1. SLPSOH AVVLJQPHQW OSHUaWRU =
15.26.2. CRPSRXQG AVVLJQPHQW OSHUaWRUV

15.27. LaPbGa E[SUHVVLRQV

15.27.1. LaPbGa PaUaPHWHUV
15.27.2. LaPbGa BRG\
15.27.3. T\SH RI a LaPbGa E[SUHVVLRQ
15.27.4. RXQ­TLPH EYaOXaWLRQ RI LaPbGa E[SUHVVLRQV

15.28. CRQVWaQW E[SUHVVLRQV

16. DHILQLWH AVVLJQPHQW

16.1. DHILQLWH AVVLJQPHQW aQG E[SUHVVLRQV

16.1.1. BRROHaQ CRQVWaQW E[SUHVVLRQV
16.1.2. CRQGLWLRQaO­AQG OSHUaWRU &&
16.1.3. CRQGLWLRQaO­OU OSHUaWRU __
16.1.4. LRJLFaO CRPSOHPHQW OSHUaWRU !
16.1.5. CRQGLWLRQaO OSHUaWRU ? :
16.1.6. CRQGLWLRQaO OSHUaWRU ? :
16.1.7. OWKHU E[SUHVVLRQV RI T\SH bRROHaQ
16.1.8. AVVLJQPHQW E[SUHVVLRQV
16.1.9. OSHUaWRUV ++ aQG --
16.1.10. OWKHU E[SUHVVLRQV

16.2. DHILQLWH AVVLJQPHQW aQG SWaWHPHQWV

16.2.1. EPSW\ SWaWHPHQWV
16.2.2. BORFNV
16.2.3. LRFaO COaVV DHFOaUaWLRQ SWaWHPHQWV
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16.2.4. LRFDO VDULDEOH DHFODUDWLRQ SWDWHPHQWV
16.2.5. LDEHOHG SWDWHPHQWV
16.2.6. E[SUHVVLRQ SWDWHPHQWV
16.2.7. if SWDWHPHQWV
16.2.8. assert SWDWHPHQWV
16.2.9. sZitch SWDWHPHQWV
16.2.10. Zhile SWDWHPHQWV
16.2.11. do SWDWHPHQWV
16.2.12. for SWDWHPHQWV

16.2.12.1. IQLWLDOL]DWLRQ PDUW RI for SWDWHPHQW
16.2.12.2. IQFUHPHQWDWLRQ PDUW RI for SWDWHPHQW

16.2.13. break, continXe, retXrn, DQG throZ SWDWHPHQWV
16.2.14. s\nchroni]ed SWDWHPHQWV
16.2.15. tr\ SWDWHPHQWV

16.3. DHILQLWH AVVLJQPHQW DQG PDUDPHWHUV
16.4. DHILQLWH AVVLJQPHQW DQG AUUD\ IQLWLDOL]HUV
16.5. DHILQLWH AVVLJQPHQW DQG EQXP CRQVWDQWV
16.6. DHILQLWH AVVLJQPHQW DQG AQRQ\PRXV CODVVHV
16.7. DHILQLWH AVVLJQPHQW DQG MHPEHU T\SHV
16.8. DHILQLWH AVVLJQPHQW DQG SWDWLF IQLWLDOL]HUV
16.9. DHILQLWH AVVLJQPHQW, CRQVWUXFWRUV, DQG IQVWDQFH IQLWLDOL]HUV

17. TKUHDGV DQG LRFNV

17.1. S\QFKURQL]DWLRQ
17.2. WDLW SHWV DQG NRWLILFDWLRQ

17.2.1. WDLW
17.2.2. NRWLILFDWLRQ
17.2.3. IQWHUUXSWLRQV
17.2.4. IQWHUDFWLRQV RI WDLWV, NRWLILFDWLRQ, DQG IQWHUUXSWLRQ

17.3. SOHHS DQG <LHOG
17.4. MHPRU\ MRGHO

17.4.1. SKDUHG VDULDEOHV
17.4.2. AFWLRQV
17.4.3. PURJUDPV DQG PURJUDP OUGHU
17.4.4. S\QFKURQL]DWLRQ OUGHU
17.4.5. HDSSHQV­EHIRUH OUGHU
17.4.6. E[HFXWLRQV
17.4.7. WHOO­FRUPHG E[HFXWLRQV
17.4.8. E[HFXWLRQV DQG CDXVDOLW\ RHTXLUHPHQWV
17.4.9. OEVHUYDEOH BHKDYLRU DQG NRQWHUPLQDWLQJ E[HFXWLRQV

17.5. final FLHOG SHPDQWLFV

17.5.1. SHPDQWLFV RI final FLHOGV
17.5.2. RHDGLQJ final FLHOGV DXULQJ CRQVWUXFWLRQ
17.5.3. SXEVHTXHQW MRGLILFDWLRQ RI final FLHOGV
17.5.4. WULWH­PURWHFWHG FLHOGV

17.6. WRUG THDULQJ
17.7. NRQ­AWRPLF TUHDWPHQW RI doXble DQG long

18. T\SH IQIHUHQFH

18.1. CRQFHSWV DQG NRWDWLRQ

18.1.1. IQIHUHQFH VDULDEOHV
18.1.2. CRQVWUDLQW FRUPXODV
18.1.3. BRXQGV

18.2. RHGXFWLRQ

18.2.1. E[SUHVVLRQ CRPSDWLELOLW\ CRQVWUDLQWV
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18.2.2. T\SH CRPSDWLELOLW\ CRQVWUDLQWV
18.2.3. SXEW\SLQJ CRQVWUDLQWV
18.2.4. T\SH ETXDOLW\ CRQVWUDLQWV
18.2.5. CKHFNHG E[FHSWLRQ CRQVWUDLQWV

18.3. IQFRUSRUDWLRQ

18.3.1. CRPSOHPHQWDU\ PDLUV RI BRXQGV
18.3.2. BRXQGV IQYROYLQJ CDSWXUH CRQYHUVLRQ

18.4. RHVROXWLRQ
18.5. UVHV RI IQIHUHQFH

18.5.1. IQYRFDWLRQ ASSOLFDELOLW\ IQIHUHQFH
18.5.2. IQYRFDWLRQ T\SH IQIHUHQFH

18.5.2.1. PRO\ MHWKRG IQYRFDWLRQ CRPSDWLELOLW\
18.5.2.2. AGGLWLRQDO AUJXPHQW CRQVWUDLQWV

18.5.3. FXQFWLRQDO IQWHUIDFH PDUDPHWHUL]DWLRQ IQIHUHQFH
18.5.4. MRUH SSHFLILF MHWKRG IQIHUHQFH

19. S\QWD[
IQGH[
A. LLPLWHG LLFHQVH GUDQW

LiVW Rf E[aPSleV
3.10.5­1. SWULQJ LLWHUDOV
4.2.2­1. IQWHJHU OSHUDWLRQV
4.2.4­1. FORDWLQJ­SRLQW OSHUDWLRQV
4.3.1­1. OEMHFW CUHDWLRQ
4.3.1­2. PULPLWLYH DQG RHIHUHQFH IGHQWLW\
4.4­1. MHPEHUV RI D T\SH VDULDEOH
4.5.1­1. UQERXQGHG WLOGFDUGV
4.5.1­2. BRXQGHG WLOGFDUGV
4.8­1. RDZ T\SHV
4.8­2. RDZ T\SHV DQG IQKHULWDQFH
4.11­1. UVDJH RI D T\SH
4.12.3­1. DLIIHUHQW KLQGV RI VDULDEOHV
4.12.4­1. FLQDO VDULDEOHV
4.12.5­1. IQLWLDO VDOXHV RI VDULDEOHV
4.12.6­1. T\SH RI D VDULDEOH YHUVXV CODVV RI DQ OEMHFW
5.0­1. CRQYHUVLRQV DW CRPSLOH TLPH DQG RXQ TLPH
5.0­2. CRQYHUVLRQV IQ VDULRXV CRQWH[WV
5.1.2­1. WLGHQLQJ PULPLWLYH CRQYHUVLRQ
5.1.3­1. NDUURZLQJ PULPLWLYH CRQYHUVLRQ
5.1.3­2. NDUURZLQJ PULPLWLYH CRQYHUVLRQV WKDW ORVH LQIRUPDWLRQ
5.2­1. AVVLJQPHQW IRU PULPLWLYH T\SHV
5.2­2. AVVLJQPHQW IRU RHIHUHQFH T\SHV
5.2­3. AVVLJQPHQW IRU AUUD\ T\SHV
5.5­1. CDVWLQJ IRU RHIHUHQFH T\SHV
5.5­2. CDVWLQJ IRU AUUD\ T\SHV
5.5­3. CDVWLQJ IQFRPSDWLEOH T\SHV DW RXQ TLPH
5.6.1­1. UQDU\ NXPHULF PURPRWLRQ
5.6.2­1. BLQDU\ NXPHULF PURPRWLRQ
6.1­1. UQLTXH PDFNDJH NDPHV
6.1­2. UQLTXH MRGXOH NDPHV
6.1­3. DHVFULSWLYH CODVV NDPHV
6.1­4. CRQYHQWLRQDO T\SH VDULDEOH NDPHV
6.3­1. SFRSH RI T\SH DHFODUDWLRQV
6.3­2. SFRSH RI LRFDO VDULDEOH DHFODUDWLRQV
6.4­1. AWWHPSWHG SKDGRZLQJ OI A LRFDO VDULDEOH
6.4.1­1. SKDGRZLQJ RI D FLHOG DHFODUDWLRQ E\ D LRFDO VDULDEOH DHFODUDWLRQ
6.4.1­2. SKDGRZLQJ RI D T\SH DHFODUDWLRQ E\ AQRWKHU T\SH DHFODUDWLRQ
6.5.2­1. RHFODVVLILFDWLRQ RI CRQWH[WXDOO\ APELJXRXV NDPHV
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6.5.5.2­1. QXDOLILHG T\SH NDPHV
6.5.6.1­1. SLPSOH E[SUHVVLRQ NDPHV
6.5.6.2­1. QXDOLILHG E[SUHVVLRQ NDPHV
6.5.6.2­2. QXDOLI\LQJ DQ E[SUHVVLRQ ZLWK D T\SH NDPH
6.5.7.1­1. SLPSOH MHWKRG NDPHV
6.6­1. AFFHVV CRQWURO
6.6­2. AFFHVV WR public FLHOGV, MHWKRGV, DQG CRQVWUXFWRUV
6.6­3. AFFHVV WR public DQG NRQ­public CODVVHV
6.6­4. AFFHVV WR PDFNDJH­AFFHVV FLHOGV, MHWKRGV, DQG CRQVWUXFWRUV
6.6­5. AFFHVV WR priYate FLHOGV, MHWKRGV, DQG CRQVWUXFWRUV
6.6.2­1. AFFHVV WR protected FLHOGV, MHWKRGV, DQG CRQVWUXFWRUV
6.7­1. FXOO\ QXDOLILHG NDPHV
6.7­2. FXOO\ QXDOLILHG NDPHV Y. CDQRQLFDO NDPH
7.4.2­1. UQQDPHG PDFNDJH
7.5.1­1. SLQJOH­T\SH­IPSRUW
7.5.1­2. DXSOLFDWH T\SH DHFODUDWLRQV
7.5.1­3. NR IPSRUW RI D SXESDFNDJH
7.5.1­4. IPSRUWLQJ D T\SH NDPH WKDW LV DOVR D PDFNDJH NDPH
7.5.2­1. T\SH­IPSRUW­RQ­DHPDQG
7.6­1. CRQIOLFWLQJ TRS LHYHO T\SH DHFODUDWLRQV
7.6­2. SFRSH RI TRS LHYHO T\SHV
7.6­3. FXOO\ QXDOLILHG NDPHV
7.1.1­1. RHVROXWLRQ RI requires transitiYe GLUHFWLYHV
8.1.1.1­1. AEVWUDFW CODVV DHFODUDWLRQ
8.1.1.1­2. AEVWUDFW CODVV DHFODUDWLRQ WKDW PURKLELWV SXEFODVVHV
8.1.2­1. MXWXDOO\ RHFXUVLYH T\SH 9DULDEOH BRXQGV
8.1.2­2. NHVWHG GHQHULF CODVVHV
8.1.3­1. IQQHU CODVV DHFODUDWLRQV DQG SWDWLF MHPEHUV
8.1.3­2. IQQHU CODVV DHFODUDWLRQV
8.1.4­1. DLUHFW SXSHUFODVVHV DQG SXEFODVVHV
8.1.4­2. SXSHUFODVVHV DQG SXEFODVVHV
8.1.4­3. CODVV DHSHQGV RQ IWVHOI
8.1.5­1. IOOHJDO SXSHULQWHUIDFHV
8.1.5­2. SXSHULQWHUIDFHV
8.1.5­3. IOOHJDO MXOWLSOH IQKHULWDQFH RI DQ IQWHUIDFH
8.1.5­3. IPSOHPHQWLQJ MHWKRGV RI D SXSHULQWHUIDFH
8.2­1. UVH RI CODVV MHPEHUV
8.2­2. IQKHULWDQFH RI CODVV MHPEHUV ZLWK PDFNDJH AFFHVV
8.2­3. IQKHULWDQFH RI public DQG protected CODVV MHPEHUV
8.2­4. IQKHULWDQFH RI priYate CODVV MHPEHUV
8.2­5. AFFHVVLQJ MHPEHUV RI IQDFFHVVLEOH CODVVHV
8.3­1. MXOWLSO\ IQKHULWHG FLHOGV
8.3­2. RH­LQKHULWDQFH RI FLHOGV
8.3.1.1­1. static FLHOGV
8.3.1.1­2. HLGLQJ RI CODVV 9DULDEOHV
8.3.1.1­3. HLGLQJ RI IQVWDQFH 9DULDEOHV
8.3.1.3­1. PHUVLVWHQFH RI transient FLHOGV
8.3.1.4­1. Yolatile FLHOGV
8.3.2­1. FLHOG IQLWLDOL]DWLRQ
8.3.2­2. FRUZDUG RHIHUHQFH WR D CODVV 9DULDEOH
8.3.3­1. RHVWULFWLRQV RQ FLHOG RHIHUHQFHV
8.4.2­1. OYHUULGH­ETXLYDOHQW SLJQDWXUHV
8.4.3.1­1. AEVWUDFW/AEVWUDFW MHWKRG OYHUULGLQJ
8.4.3.1­2. AEVWUDFW/NRQ­AEVWUDFW OYHUULGLQJ
8.4.3.6­1. s\nchroni]ed MRQLWRUV
8.4.3.6­2. s\nchroni]ed MHWKRGV
8.4.6­1. T\SH 9DULDEOHV DV TKURZQ E[FHSWLRQ T\SHV
8.4.8­1. IQKHULWDQFH
8.4.8.1­1. OYHUULGLQJ
8.4.8.1­2. OYHUULGLQJ
8.4.8.2­1. IQYRFDWLRQ RI HLGGHQ CODVV MHWKRGV
8.4.8.3­1. CRYDULDQW RHWXUQ T\SHV
8.4.8.3­2. UQFKHFNHG :DUQLQJ IURP RHWXUQ T\SH
8.4.8.3­3. IQFRUUHFW OYHUULGLQJ EHFDXVH RI throZs
8.4.8.3­4. EUDVXUH AIIHFWV OYHUULGLQJ
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8.4.9­1. OYHUORDGLQJ
8.4.9­2. OYHUORDGLQJ, OYHUULGLQJ, DQG HLGLQJ
8.8­1. CRQVWUXFWRU DHFODUDWLRQV
8.8.7­1. CRQVWUXFWRU BRGLHV
8.8.7.1­1. RHVWULFWLRQV RQ E[SOLFLW CRQVWUXFWRU IQYRFDWLRQ SWDWHPHQWV
8.8.7.1­2. QXDOLILHG SXSHUFODVV CRQVWUXFWRU IQYRFDWLRQ
8.8.9­1. DHIDXOW CRQVWUXFWRUV
8.8.9­2. AFFHVVLELOLW\ RI CRQVWUXFWRUV Y. CODVVHV
8.8.10­1. PUHYHQWLQJ IQVWDQWLDWLRQ YLD CRQVWUXFWRU AFFHVVLELOLW\
8.9.2­1. EQXP BRG\ DHFODUDWLRQV
8.9.2­2. RHVWULFWLRQ OQ EQXP CRQVWDQW SHOI­RHIHUHQFH
8.9.3­1. IWHUDWLQJ OYHU EQXP CRQVWDQWV :LWK AQ EQKDQFHG foU LRRS
8.9.3­2. SZLWFKLQJ OYHU EQXP CRQVWDQWV
8.9.3­3. EQXP CRQVWDQWV ZLWK CODVV BRGLHV
8.9.3­4. MXOWLSOH EQXP T\SHV
9.3­1. APELJXRXV IQKHULWHG FLHOGV
9.3­2. MXOWLSO\ IQKHULWHG FLHOGV
9.3.1­1. FRUZDUG RHIHUHQFH WR D FLHOG
9.4.2­1. OYHUORDGLQJ DQ abVWUacW MHWKRG DHFODUDWLRQ
9.6.1­1. AQQRWDWLRQ T\SH DHFODUDWLRQ
9.6.1­2. MDUNHU AQQRWDWLRQ T\SH DHFODUDWLRQ
9.6.1­3. SLQJOH­EOHPHQW AQQRWDWLRQ T\SH DHFODUDWLRQV
9.6.2­1. AQQRWDWLRQ T\SH DHFODUDWLRQ :LWK DHIDXOW 9DOXHV
9.6.3­1. IOO­IRUPHG CRQWDLQLQJ AQQRWDWLRQ T\SH
9.6.3­2. RHVWULFWLQJ :KHUH AQQRWDWLRQV MD\ RHSHDW
9.6.3­3. A RHSHDWDEOH CRQWDLQLQJ AQQRWDWLRQ T\SH
9.7.1­1. NRUPDO AQQRWDWLRQV
9.7.2­1. MDUNHU AQQRWDWLRQV
9.7.3­1. SLQJOH­EOHPHQW AQQRWDWLRQV
9.8­1. FXQFWLRQDO IQWHUIDFHV
9.8­2. FXQFWLRQDO IQWHUIDFHV DQG EUDVXUH
9.8­3. GHQHULF FXQFWLRQDO IQWHUIDFHV
9.9­1. FXQFWLRQ T\SHV
9.9­2. GHQHULF FXQFWLRQ T\SHV
10.2­1. DHFODUDWLRQV RI AUUD\ 9DULDEOHV
10.2­2. AUUD\ 9DULDEOHV DQG AUUD\ T\SHV
10.4­1. AUUD\ AFFHVV
10.5­1. AUUa\SWoUeE[cepWion
10.6­1. AUUD\ IQLWLDOL]HUV
10.7­1. AUUD\V AUH CORQHDEOH
10.7­2. SKDUHG SXEDUUD\V AIWHU A CORQH
10.8­1. ClaVV OEMHFW OI AUUD\
10.8­2. AUUD\ ClaVV OEMHFWV AUH SKDUHG
11.2.3­1. CDWFKLQJ CKHFNHG E[FHSWLRQV
11.3­1. TKURZLQJ DQG CDWFKLQJ E[FHSWLRQV
12.4.1­1. SXSHUFODVVHV AUH IQLWLDOL]HG BHIRUH SXEFODVVHV
12.4.1­2. OQO\ TKH CODVV TKDW DHFODUHV VWaWic FLHOG IV IQLWLDOL]HG
12.4.1­3. IQWHUIDFH IQLWLDOL]DWLRQ DRHV NRW IQLWLDOL]H SXSHULQWHUIDFHV
12.5­1. EYDOXDWLRQ RI IQVWDQFH CUHDWLRQ
12.5­2. D\QDPLF DLVSDWFK DXULQJ IQVWDQFH CUHDWLRQ
13.4.4­1. CKDQJLQJ A SXSHUFODVV
13.4.6­1. CKDQJLQJ A CODVV BRG\
13.4.6­2. CKDQJLQJ A SXSHUFODVV
13.4.7­1. CKDQJLQJ AFFHVVLELOLW\
13.4.8­1. AGGLQJ A FLHOG DHFODUDWLRQ
13.4.9­1. CKDQJLQJ A 9DULDEOH TR BH final
13.4.16­1. CKDQJLQJ A MHWKRG TR BH abVWUacW
13.4.17­1. CKDQJLQJ A MHWKRG TR BH final
13.4.23­1. AGGLQJ AQ OYHUORDGHG MHWKRG
13.5.3­1. DHOHWLQJ AQ IQWHUIDFH MHPEHU
13.5.6­1. AGGLQJ A DHIDXOW MHWKRG
14.3­1. LRFDO CODVV DHFODUDWLRQV
14.7­1. LDEHOV DQG IGHQWLILHUV
14.11­1. FDOO­TKURXJK LQ WKH VZiWch SWDWHPHQW
14.13­1. TKH do SWDWHPHQW
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14.14­1. EQKDQFHG foU AQG AUUD\V
14.14­2. EQKDQFHG foU AQG UQER[LQJ CRQYHUVLRQ
14.15­1. TKH bUeak SWDWHPHQW
14.16­1. TKH conWinXe SWDWHPHQW
14.19­1. TKH V\nchUoni]ed SWDWHPHQW
14.20.1­1. CDWFKLQJ AQ E[FHSWLRQ
14.20.2­1. HDQGOLQJ AQ UQFDXJKW E[FHSWLRQ :LWK finall\
14.21­1. CRQGLWLRQDO CRPSLODWLRQ
15.7.1­1. LHIW­HDQG OSHUDQG IV EYDOXDWHG FLUVW
15.7.1­2. IPSOLFLW LHIW­HDQG OSHUDQG IQ OSHUDWRU OI CRPSRXQG AVVLJPHQW
15.7.1­3. AEUXSW CRPSOHWLRQ RI EYDOXDWLRQ RI WKH LHIW­HDQG OSHUDQG
15.7.2­1. EYDOXDWLRQ RI OSHUDQGV BHIRUH OSHUDWLRQ
15.7.4­1. EYDOXDWLRQ OUGHU AW MHWKRG IQYRFDWLRQ
15.7.4­2. AEUXSW CRPSOHWLRQ RI AUJXPHQW E[SUHVVLRQ
15.8.3­1. TKH WhiV E[SUHVVLRQ
15.9.4­1. EYDOXDWLRQ OUGHU DQG OXW­OI­MHPRU\ DHWHFWLRQ
15.10.2­1. AUUD\ CUHDWLRQ EYDOXDWLRQ
15.10.2­2. MXOWL­DLPHQVLRQDO AUUD\ CUHDWLRQ
15.10.2­3. OXWOfMemoU\EUUoU DQG DLPHQVLRQ E[SUHVVLRQ EYDOXDWLRQ
15.10.4­1. AUUD\ RHIHUHQFH IV EYDOXDWHG FLUVW
15.10.4­2. AEUXSW CRPSOHWLRQ RI AUUD\ RHIHUHQFH EYDOXDWLRQ
15.10.4­3. nXll AUUD\ RHIHUHQFH
15.11.1­1. SWDWLF BLQGLQJ IRU FLHOG AFFHVV
15.11.1­2. RHFHLYHU VDULDEOH IV IUUHOHYDQW FRU VWaWic FLHOG AFFHVV
15.11.2­1. TKH VXSeU E[SUHVVLRQ
15.12.2­1. MHWKRG ASSOLFDELOLW\
15.12.2­2. RHWXUQ T\SH NRW CRQVLGHUHG DXULQJ MHWKRG SHOHFWLRQ
15.12.2­3. CKRRVLQJ TKH MRVW SSHFLILF MHWKRG
15.12.4.1­1. TDUJHW RHIHUHQFHV DQG VWaWic MHWKRGV
15.12.4.1­2. EYDOXDWLRQ OUGHU DXULQJ MHWKRG IQYRFDWLRQ
15.12.4.4­1. OYHUULGLQJ DQG MHWKRG IQYRFDWLRQ
15.12.4.4­2. MHWKRG IQYRFDWLRQ UVLQJ VXSeU
15.12.4.5­1. IQYRNHG MHWKRG SLJQDWXUH HDV DLIIHUHQW EUDVXUH TKDQ CRPSLOH­TLPH MHWKRG SLJQDWXUH
15.17.3­1. IQWHJHU RHPDLQGHU OSHUDWRU
15.17.3­2. FORDWLQJ­PRLQW RHPDLQGHU OSHUDWRU
15.18.1­1. SWULQJ CRQFDWHQDWLRQ
15.18.1­2. SWULQJ CRQFDWHQDWLRQ DQG CRQGLWLRQDOV
15.20.2­1. TKH inVWanceof OSHUDWRU
15.26.1­1. SLPSOH AVVLJQPHQW TR AQ AUUD\ CRPSRQHQW
15.26.2­1. CRPSRXQG AVVLJQPHQW TR AQ AUUD\ CRPSRQHQW
15.26.2­2. VDOXH OI LHIW­HDQG SLGH OI CRPSRXQG AVVLJQPHQW IV SDYHG BHIRUH EYDOXDWLRQ OI RLJKW­HDQG SLGH
15.28­1. CRQVWDQW E[SUHVVLRQV
16­1. DHILQLWH AVVLJQPHQW CRQVLGHUV SWUXFWXUH RI SWDWHPHQWV DQG E[SUHVVLRQV
16­2. DHILQLWH AVVLJQPHQW DRHV NRW CRQVLGHU VDOXHV RI E[SUHVVLRQV
16­3. DHILQLWH UQDVVLJQPHQW
17.4­1. IQFRUUHFWO\ S\QFKURQL]HG PURJUDPV MD\ E[KLELW SXUSULVLQJ BHKDYLRU
17.4.5­1. HDSSHQV­EHIRUH CRQVLVWHQF\
17.4.8­1. HDSSHQV­EHIRUH CRQVLVWHQF\ IV NRW SXIILFLHQW
17.5­1. final FLHOGV IQ TKH JDYD MHPRU\ MRGHO
17.5­2. final FLHOGV FRU SHFXULW\
17.5.3­1. AJJUHVVLYH OSWLPL]DWLRQ RI final FLHOGV
17.6­1. DHWHFWLRQ RI :RUG THDULQJ

     NH[W

     CKDSWHU 1. IQWURGXFWLRQ

LHJDO NRWLFH
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Context-Free Grammars (CFGs)
From the Java Language Standard, Sec. 2.1:
A context-free grammar consists of a number of productions. 
Each production has an abstract symbol called a nonterminal as
its left-hand side, and a sequence of one or more nonterminal
and terminal symbols as its right-hand side. For each grammar, 
the terminal symbols are drawn from a specified alphabet.
Starting from a sentence consisting of a single distinguished
nonterminal, called the goal symbol, a given context-free
grammar specifies a language, namely, the set of possible
sequences of terminal symbols that can result from repeatedly
replacing any nonterminal in the sequence with a right-hand side
of a production for which the nonterminal is the left-hand side.

https://docs.oracle.com/javase/specs/jls/se9/html/jls-2.html#jls-2.1
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Formally: CFG defined by 4-tuple G = (V, Σ, R, S) 
• V is a set of nonterminal characters or variables
• Σ, the alphabet, is finite set of terminals.
• R, the set of (rewrite) rules or productions, 

is relation from V to (V∪Σ)*, i.e., a set of ordered pairs
of elements from V and (V∪Σ)*, respectively

• S ∈ V is the start variable (or start/goal symbol)
Note: * is the Kleene Star. For any set X, X* denotes
the set of strings composed of concatenating 0 or more
elements of X.
Example: { 0, 1 }* = { ε, 0, 1, 00, 01, 10, 11, 000, ... }, 
where ε denotes the empty string

Context-Free Grammars (CFGs)
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For any strings u, v ∈ (V∪Σ)*,
u directly yields v (written u ⇒ v) 
if ∃(α, β) ∈ R with α ∈ V and u1, u2 ∈ (V∪Σ)* and
u = u1αu2 and v = u1βu2. 
Thus, v is a result of applying the rule (α, β) to u.

Language of grammar G = (V, Σ, R, S) is the set
L(G) = {w ∈ Σ* : S ⇒* w} 
where ⇒* is reflexive transitive closure of ⇒

Language of CFG

8



Well-formed: (), (()), ()(), ()(()), …
Ill-formed: ε, (, ), )(, ((), …

G = (V, Σ, R, S) with
• Variables V = { S }
• Alphabet Σ = { (, ) }
• Productions R = { S → SS, S → (S), S → () }
May also write R as S → SS | (S) | ()

Note: one may argue that ε is also well-formed – which
could also be handled with a further production S → ε

Example: Well-Formed Parentheses
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S → SS | (S) | ()

Claim: The string (()()) is valid, i.e., in L(G). 
Proof: consider the derivation
S ⇒ (S) ⇒ (SS) ⇒ (()S) ⇒ (()())

However, the string )( is not in L(G), 
since there is no derivation from S to )(

10



Our trees grow downwards!

R: Root
L: Leaf
I:  Internal node (i.e., not a leaf)

Typically, root is an internal node 
(when not?)

Trees in CS
R

/ | \
L  I  L
/   \
I     I

/  \ /  \
L  L  L  L
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May use parse trees as compact 
representation for derivation.
Internal nodes are variables,
Leafs are terminals.

S ⇒ (S) ⇒ (SS) ⇒ (()S) ⇒ (()())
is a derivation that follows from 
parse tree on right.

Recall: S → SS |  (S)  |  ()

Parse Trees

S
/ | \

(  S )
/   \

S     S
/  \ /  \
(   )  (   )
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a + b, u, x + (y + z), ...

G = (V, Σ, R, S) with
• Variables V = { S, P, X }
• Alphabet Σ = { (, ), +, a, ..., z }
• Productions: 

S → S + P | P
P → ( S ) | X
X → a | ... | z

Example: Parenthesized Sums

13



S → S + P | P
P → ( S ) | X
X → a | ... | z

Parse tree for a + (b + c) + d:

Parsing done bottom-up;
lower position in parse tree 
is parsed/evaluated earlier

Parentheses evaluated first
Note that above rules imply that
+ is evaluated left-to-right 
(left-associative)

S
/    |    \

S     +     P
/  |  \ |

S  +  P        X
|     / | \ |

P   ( S  )      d
|     / | \

X   S + P
|    |     |

a   P X
|      |

X     c
|
b

3
2

1
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Recall: formally, set of productions is a relation.
Can write this in different ways:
Set notation:
R = { (S, SS), (S, (S)), (S, ()) }

Verbose arrow notation:
S → SS, S → (S), S → ()

Compact arrow notation:
S → SS |  (S)  |  ()

Note on Notation

Multiline 
notation:
S:
SS
(S)
()

15



L is a context-free language (CFL),
iff (“if and only if”) there exists a CFG G, 
such that L = L(G)

Example: Is L2 = { an bn : n ∈ ℕ } context-free?
Yes, L2 = L( ( { S }, { a, b }, { (S, aSb), (S, ε) }, S ) )

Example: Is L3 = { an bn cn : n ∈ ℕ } context-free?
No, there is no CFG G with L3 = L(G).
Proof: see 
https://en.wikipedia.org/wiki/Pumping_lemma_for_context-free_languages

Note: CFLs are a superset of regular languages. E.g., L2 is not regular.

Context-Free Languages

16
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No.
CFGs don't address, e.g., variable 
declarations/bindings.
But CFGs make the syntax precise, which is
important both for programmers and parsers.

So, is Java context free?

17



Backus-Naur Form (BNF)
BNF is another notation for CFGs
• Close to compact arrow notation
• Use "::=" instead of arrow, "<...>" for variables

Well-formed parentheses example in BNF:
<S> ::= <S><S> |  (<S>)  |  ()

18



Extended Backus-Naur Form (EBNF)
Typically puts terminals into quotes (" or ')
Typically no "<...>" for variables

[X] denotes 0 or 1 occurrences of X
S ::= a [b] c  abbreviates

{X} denotes 0 or more occurrences of X
S ::= a {b} c  abbreviates

(X) defines a group
S ::= a (b | c) d  abbreviates

S ::= a c | a b c

S ::= a T c, T ::= b T | ε

S ::= a b d | a c d
19



Java Lexical Grammar
• Is a CFG
• Terminals are from Unicode character set
• Translate into input symbols that, with 

whitespace and comments discarded, form 
terminal symbols (tokens) for Java Syntactic 
Grammar

• Notation is variant of EBNF

See also https://docs.oracle.com/javase/specs/jls/se9/html/jls-2.html#jls-2.4
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Example: Java Decimal Numerals 

• Want to prohibit leading 0 (except in 0 itself), 
to avoid clash with octal numeral

• Therefore, must be 0 or begin with non-zero
• Allow underscores, but not at beginning or 

end

21



DecimalNumeral:
0
NonZeroDigit [Digits]
NonZeroDigit Underscores Digits

NonZeroDigit:
(one of)
1 2 3 4 5 6 7 8 9

Digits:
Digit
Digit [DigitsAndUnderscores] Digit

DigitsAndUnderscores:
DigitOrUnderscore {DigitOrUnderscore}

https://docs.oracle.com/javase/specs/jls/se9/html/jls-3.html#jls-DecimalNumeral

Digit:
0
NonZeroDigit

DigitOrUnderscore:
Digit
_

Underscores:
_ {_}

22



Expressions

Expression: consists of terms (n1, n2), or 
operands, joined by operators (+, *, =, ...)
Term:
– Literal, a.k.a. (unnamed) constant (3.14)
– Variable (n1), including named constants

(PI, as in static final PI = 3.14)
– Method call (Math.abs(n1))
– Expression enclosed in parentheses

int total = n1 + n2;

24



Primitive Types

Type

short

int

long

float

double

char

boolean

8-bit integers in the range –128 to 127

16-bit integers in the range –32768 to 32767

32-bit integers in the range
–2146483648 to 2146483647
64-bit integers in the range
–9223372036754775808 to 9223372036754775807
32-bit floating-point numbers in the range
±1.4 x10-45 to ±3.4028235 x1038
64-bit floating-point numbers in the range
±4.39 x10-322 to ±1.7976931348623157 x10308

16-bit characters encoded using Unicode

the values true and false

The arithmetic operators:
+
-

*
/
%

add
subtract

remainder
divide
multiply

==
<

!=
<=
>=

equal to
less than

greater or equal
less or equal
not equal

> greater than

The arithmetic operators except %

The relational operators:

The relational operators

The relational operators and +, -, ...

The logical operators:
&& and || or ! not

Domain Common operators

byte

26

The relational operators:
== !=equal to not equal

Data type: set of values (domain) + set of operators



Numbers
This is covered further in Ch. 7

Decimal, binary, octal, hexadecimal notation

In Java:
Prefix "0"/"0x" means octal/hex literal
012 ≙ 10, 0x12 ≙ 18

4210 = 001010102 = 528 = 2A16

K, M, G, T
Decimal: 103, 106, 109, 1012

Binary: 210, 220, 230, 240

27



Aside: Encoding Integers
Computers represent integers in w bits xi ∈ { 0, 1 }
X = xw-1 xw-2 ... x1 x0

For unsigned int's, X encodes value
E.g., B2U(101) = 1*4 + 0*2 + 1*1 = 5

For signed int's, X encodes
This is two's complement encoding
E.g., for w=3, B2T(101) = –1*4 + 0*2 + 1*1 = –3

In Java: w = 8 (byte), 16 (short/char), 32 (int), or 64 (long)
In Java, all integral types are signed, except for char
See also https://docs.oracle.com/javase/specs/jls/se9/html/jls-4.html#jls-4.2

€ 

Sign bit
€ 

B2U(X) = xi
i=0

w−1

∑ ⋅ 2i

€ 

B2T(X) = −xw−1⋅ 2
w−1 + xi

i=0

w−2

∑ ⋅ 2i
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Bit-Wise Operators
byte x = 42; // x encoded as 0010 10102
byte y = 15; // y encoded as 0000 11112
byte z = -16; // z encoded as 1111 00002

Bit-wise operators refer to binary encodings
AND: x & y = 10   // 0000 10102
OR:   x | y = 47   // 0010 11112

Shift left:   y << 2 = 60   // 0011 11002
Arithmetic shift right: y >> 2 = 3      // 0000 00112

z >> 2 = -4     // 1111 11002
Logical shift right:      y >>> 2 = 3   // 0000 00112

z >>> 2 = 60  // 0011 11002
More on bit-wise operators in Lecture 7 34



Abstract Data Types (ADTs)
ADT = set of variables
+ set of operations
+ specification

Specification may be informal prose and/or 
mathematical equations that must hold (e.g., 
commutative/distributive/associative laws).

ADT abstracts from implementation.
In Java, typically implement ADT as class.
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Identifiers
Identifier: name of variable, class, method etc.
• Must begin with letter or underscore
• Remaining characters must be letters, digits, or 

underscores
• Must not be one of Java's reserved words:

38

abstract continue for new switch
assert default goto package synchronized
boolean do if private this
break double implements protected throw
byte else import public throws
case enum instanceof return transient
catch extends int short try
char final interface static void
class finally long strictfp volatile
const float native super while



Coding Advice – Naming Conventions
Classes: UpperCamelCaseNouns
Methods: lowerCamelCaseVerbs
Constants: UPPER_CASE
Variables: lowerCamelCase
Avoid single-character variable names, except for 
"temporary" ones:
• integers: i, j, k ...
• char's: c, d, e ...
Try to use English names: 
e.g., use counter instead of zaehler

See also https://en.wikipedia.org/wiki/Naming_convention_(programming)
http://www.oracle.com/technetwork/java/codeconventions-135099.html#367
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Variable Variations

Local variable: declared within method
Instance variable (or non-static field): 
declared as part of a class (without static), 
one per object
Class variables (or static field): declared as 
part of class (with static), only one for class
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Scoping
Scope: part of program where variable is visible
Scope of local variables: from declaration until end 
of enclosing block (sequence of statements 
enclosed in braces, see Lec. 4)
Shadowing (or hiding): multiple variables of same 
name have overlapping scope.
In Java:
• local variables shadow fields

(useful e.g. for setters, see later)
• no shadowing of local variables

(local variable names must be unique within 
method, unlike e.g. for functions in C)
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Binary operators – take two operands
+, -, /, *, ==, <, >, &&, ||, &, |, ^, <<, >>, ...

Unary operators – take one operand
+, -, ++, --, !

Ternary operator – takes three operands
? :

Operators and Operands
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Type Casts
int op int ⟹ int

int op double ⟹ double

double op double ⟹ double

double c = 100;
double f = 9 / 5 * c + 32;

Casting: (type) expression
double f = (double) 9 / 5 * c + 32;
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Aside: Expression Evaluation
Different operators may be ordered by precedence:
An operand between operators of different precedence is 
bound to operator of higher precedence
* has higher precedence than +
2 + 3 * 4  == 2 + (3 * 4) !=  (2 + 3) * 4

3 bound to *, not to +

Operators of same precedence level ordered by associativity:
+ is left-associative, operands between +'s bound to left +
1 + 1E100 + -1E100 == (1 + 1E100) + -1E100

!=  1 + (1E100 + -1E100)
false + true + ""  == (false + true) + "" 

!=  false + (true + "")
1E100/true bound to left +, not to right +

51See also http://introcs.cs.princeton.edu/java/11precedence/
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Aside: Expression Evaluation
Precendence and associativity ...
• govern which operands belong to which operator
• imply paren's
• can be overridden by paren's

Precedence, associativity and paren's tell us how to 
construct a fully parenthesized expression, 
which makes all bindings of operands to operators explicit:
2 + 3 * (4 + 5)  ==  2 + (3 * (4 + 5))

Once expression is fully parenthesized, don't need to 
consider precedence and associativity any more.

54



Aside: Expression Evaluation
To perform an operation, we first evaluate operands, then
apply operator to results.
(Special case: short-circuit evaluation for &&, || – see later)
Do this recursively: if evaluating an operand entails 
performing an operation, the same rule applies again.

Operands of operator ordered by evaluation direction:
Java evaluates left-to-right (undefined in C or C++!)
This matters when operand evaluation has side effects
(such as assigning new values to variables)

With i initially 0:  i + 2 * ++i ==
Wait a minute ... * has higher precedence than +,
but operands of * are evaluated after left operand of +?
Explanation: evaluation direction, see next slide

2
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What happens exactly:
• Fully parenthesized expression: i + (2 * (++i))

• We thus have a sum with 2 operands. 
• To compute sum, we first evaluate the left operand, then

evaluate the right operand, then compute the sum of both.
1. Evaluating left operand i yields 0 + (2 * (++i))
2. Right operand 2 * (++i) is a product, with again 2 

operands – thus recursively apply left-to-right rule:
1. Left operand 2 of product is already evaluated: 0 + (2 * (++i))
2. Evaluating right operand ++i of product sets i to 1 (pre-increment),

and yields 0 + (2 * 1)
3. Computing product yields 0 + 2

3. Computing sum yields 2
56
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(

Exercise: Precedence Evaluation

1 + 2 ) % 3 * 4 + 5 * 6 / 7 * ( 8 % 9 ) + 10

3

0

0

32

30

4

32

8

42
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To get started: we have a sum (root of parse tree), whose left operand 
is another sum, whose left operand is a product, whose left operand is 
a modulo operation, whose left operand is the sum "1 + 2".

(                           )(                                     ) (          )(                    )(                                             )(                                                                                          )



Coding Advice – Naming, Paren's
• Use meaningful variable names
• Don't use "magic numbers",

use named constants instead
• Add paren's if precedence may not be obvious

Example: Replace
help || me == read && that != thing

by
help || ((me == read) && (that != thing))
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Assignments
variable = expression;

Shorthand assignment:
variable op= expression;

int x = 0; x += 1.0;  is equivalent to
int x = 0; x = (int) (x + 1.0);
Omitting the (int) cast would result in an error

Pre-increment 
++variable;
++x; equivalent to x += 1;
y = ++x; equivalent to 
x += 1; y = x;

59

Post-increment
variable++;
x++; equivalent to x += 1;
y = x++; equivalent to 
y = x; x += 1;



Assignment Expressions
• Assignments are also expressions, with assignment operator 

(=, +=, etc.)
• Left operand must be an “L-Value”, i.e., something that points 

to a storage location, i.e., a variable
• Assigned value is also value of assignment expression

int x, y = (x = 1) + (y = 2) + (x += 3);

results in x = 4, y = 7

Coding advice: don’t use shorthand assignments (including 
pre/post-increment etc.) as expressions
Bad: y = x++;
Good: x++; y = x;
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Booleans

George Boole 
(1791-1871)

Boolean values: true, false

Logical operators on Booleans:
&&  ||

These short-circuit:
right operand evaluated only when needed

Other logical operators on Booleans:
==  !=  !  &  |  ^

These don't short-circuit

Relational operators producing Booleans:
<  <=  ==  >=  >  !=
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Coding Advice – Don't confuse "=" and "=="
if (oneFlag = otherFlag) {
...

}

If you really mean this, write instead:
oneFlag = otherFlag;
if (oneFlag) {
...

}

But what was probably meant:
if (oneFlag == otherFlag) {
...

}
70



Summary
• Expressions = terms + operators

• Primitive data types: int, double, ...

• Simplest terms: constants, variables

• Declarations: type name = value;

• Expression evaluation: paren's, precedence, 
associativity and (in Java) left-to-right evaluation

• Assignments: variable = expression;

• Relational operators produce Booleans

• Can operate on Booleans
71



From Next Week Onwards –
We Will Move!

• For both Vorlesung and Globalübung
• Old: https://uni-

kiel.zoom.us/j/85625455567?pwd=SFh
GbTcrdGZNVndzenZXdjVmd09GUT09

• New: https://uni-
kiel.zoom.us/j/87923834205?pwd=SmV
3TDJWWjg2bkIycXVTVWR3blEwUT09
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