CS 185 Handout #2 Spring 1999 March 30, 1999

Syllabus(Tentative)

1. Introduction (Handout of Chapter 1 and 2 from [Pin95])

(a) Models (b) Notation (c) Applications (d) NP-completeness, Approximation, Linear Programming 2. Minimizing Schedule Length

(a) Solving P|pmtn|C_{max} [McN59] [KSW - Sec. 2.3.2] - lower bounds (b) P||C_{max}

i. List scheduling (2-approximation) ii. LPT (4/3-approximation) iii. Polynomial Approximation Scheme [HS87] [KSW - Sec. 3.3,6.2] (c) P|prec|C_{max} [KSW - Sec. 2.3.4]

i. NP-hardness of P|prec, p_j = 1|C_{max} ii. Algorithms for P2|p_j = 1|C_{max} [Gab82] iii. List Scheduling for P|prec|C_{max} (2-approximation) (d) Linear programming (e) R|pmtn|C_{max} [LL78] – introducing Linear programs in scheduling [KSW - Sec.

4.1] (f) R||C_{max} [ST93] – using linear program relaxations to get approximation algorithms [KSW - Sec. 5.1] 3. Scheduling with Deadlines on One Machine

(a) 1||L_{max} - EDD [KSW - Sec. 2.1.2] (b) 1|r_j, pmtn|L_{max} - preemptive EDD (introducing release dates) [KSW - Sec. 2.1.3] (c) 1|prec|f_{max} - Least Cost Last [Law73] [KSW - Sec. 3.1.1] (d) 1|pmtn, r_j, prec|f_{max} [KLLK83] (e) Approx. algorithms for 1|r_j , prec|L_{max} and 1|r_j |L_{max} [HS89, Hal97] [KSW - Sec. 6.3.2] (f) Extension to parallel machines, a 2 approximation for P|r_j |L_{max} [HS89, Hal97] (g) 1|| ∑ w_j U_j - Dynamic programming solution, weak NP-completeness [KSW - Sec. 3.2,6.1]

4. Scheduling to Minimize weighted completion time

(a) 1|| ∑ w_j C_j - Smith’s rule [KSW - Sec. 2.1.1] (b) Exact solutions to R|| ∑ C_j via linear programming and matching, specializations to P|| ∑ C_j [KSW - Sec. 4.1] (c) Solving P|pmtn| ∑ C_j [McN59] (d) Dealing with release dates and precedence constraints i. Solving 1|r_j , pmtn| ∑ C_j via SRPT [KSW - Sec. 2.1.3] ii. Approximations for 1|r_j | ∑ C_j and P|r_j| ∑ C_j [PSW98] – using relaxations [KSW - Sec. 5.2] iii. Using LP relaxations and dealing with precedence constraints, P|r_j| ∑ w_j C_j [HSSW97] iv. Improvements through randomization for 1|r_j | ∑ C_j [CMNS97] 5. On-line Scheduling

(a) Review of previous algorithms that were on-line (b) On-line arrivals, minimizing makespan [SWW95] (c) On-line arrivals, minimizing ∑ w_j C_j [HSSW97, CPS^+96] 6. On-line Load Balancing [AAF^+93], maybe more 7. Shop Scheduling Models 8. Scheduling Jobs in Parallel Environments

(a) Branch and Bound - [KZ93] (b) Packet Routing and scheduling [LMR94] (c) Network Scheduling [PSW98] (d) Communication Delays [PY90] 9. Optional Topics - More scheduling models and problems

References

[AAF^+93] James Aspnes, Yossi Azar, Amos Fiat, Serge Plotkin, and Orli Waarts. Online load balancing with applications to machine scheduling and virtual circuit routing. In Proceedings of the 25th Annual ACM Symposium on Theory of Computing, pages 623–631, 1993.

[CMNS97] C. Chekuri, R. Motwani, B. Natarajan, and C. Stein. Approximation techniques for average completion time scheduling. In Proceedings of the 8th ACM-SIAM Symposium on Discrete Algorithms, pages 609–618, January 1997.

[CPS^+96] S. Chakrabarti, C. A. Phillips, A. S. Schulz, D. B. Shmoys, C. Stein, and J. Wein. Improved scheduling algorithms for minsum criteria. In F. Meyer auf der Heide and B. Monien, editors, Automata, Languages and Programming, number 1099 in Lecture Notes in Computer Science. Springer, Berlin, 1996. Proceedings of the 23rd International Colloquium (ICALP’96).

[Gab82] H. Gabow. A linear-time algorithm for two processor scheduling. Journal of the ACM, 29:766–780, 1982.

[Hal97] L. A. Hall. Approximation Algorithms for NP-hard problems, chapter 1. PWS Publishing Company, 1997. D. Hochbaum, editor.

[HS87] D.S. Hochbaum and D.B. Shmoys. Using dual approximation algorithms for scheduling problems: theoretical and practical results. Journal of the ACM, 34:144–162, 1987.

[HS89] L. Hall and D. B. Shmoys. Approximation schemes for constrained scheduling problems. In Proceedings of the 30th Annual Symposium on Foundations of Computer Science, pages 134–141. IEEE, October 1989.

[HSSW97] L. A. Hall, A. S. Schulz, D. B. Shmoys, and J. Wein. Scheduling to minimize average completion time: Off-line and on-line approximation algorithms. Mathematics of Operations Research, 22:513–544, August 1997.

[KLLK83] K. R. Kaer, E. L. Lawler, J. K. Lenstra, and A. H. G. Rinnooy Kan. Preemptive scheduling of a single machine to minimize maximum cost subject to release dates and precedence constraints. Operations Research, 31:381–386, 1983.

[KSW98] David Karger, Cliff Stein, and Joel Wein. CRC Handbook on Algorithms, chapter Scheduling Algorithms. CRC Press, 1998.

[KZ93] Richard M. Karp and Yanjun Zhang. Randomized parallel algorithms for backtrack search and branch-and-bound computation. Journal of the ACM, 40(3):765–789, July 1993.

[Law73] E.L. Lawler. Optimal sequencing of a single machine subject to precedence constraints. Management Science, 19:544–546, 1973.

[LL78] E.L. Lawler and J. Labetoulle. On preeemptive scheduling of of unrelated parallel processors by linear programming. Journal of the ACM, 25:612–619, 1978.

[LMR94] F.T. Leighton, B. M. Maggs, and S. B. Rao. Packet routing and job-shop schedule in O(congestion plus dilation) steps. Combinatorica, 14(167–186), 1994.

[McN59] R. McNaughton. Scheduling with deadlines and loss functions. Management Science, 6:1–12, 1959.

[Pin95] M. Pinedo. Scheduling: Theory, Algorithms and Systems. Prentice Hall, 1995.

[PSW98] C. Phillips, C. Stein, and J. Wein. Minimizing average completion time in the presence of release dates. Mathematical Programming, 82:199–223, 1998.

[PY90] Christos H. Papadimitriou and Mihalis Yannakakis. Towards an architectureindependent analysis of parallel algorithms. SIAM Journal on Computing, 19(2):322–328, April 1990.

[ST93] D. B. Shmoys and E. Tardos. An approximation algorithm for the generalized assignment problem. Mathematical Programming A, 62:461–474, 1993.

[SWW95] David B. Shmoys, Joel Wein, and David P. Williamson. Scheduling parallel machines on-line. SIAM Journal on Computing, 24(6):1313–1331, December 1995.