Index of Computational

Problems

Problem --------oon- Page | Algo name ---------- # Design paradigm ------- Page
2-3 tree
Checking «------covhee ABT | oo Eq (8.14) Recursion --:--cevvvviiinnn 458
Insertion «----vvoeennn 459 | e AG 8.16 Recursion -«--c-veeeiiiieitn 459
Deletion «--cvvvvne 462 | e AG 8.17 Recursion «--ccoveiieii 462
Activity selection problems
ASP (Maximize number) | «--ciiieiiieen AG 4.10 Greedy Algo. ---c-vvvviiens 169
....................... 169 | «vvvvveeeeeeeeo - AG 411 Greedy Algo. ------eeeee-- 170
------------------ AG 9.17  Greedy + minheap ----------521
~~~~~~~~~~~~~~~~ AG S-9.30 Greedy + maxheap ---551,5-391
<p LPL -------. AG 10.19 Reduction «---cvoveeiennn 574
Weighted activity selection | -« -vvvveeenns AG S-4.24 Greedy Aprx. --------- 207,5-116
(Maximize profits) ----229 | & .............. Eq (5.15)  Recursion «---cceeeeeeeennnn 230
---------------- AG 5.9 Strongind. -coeeeeiiieeenn 230
~~~~~~~~~~~~~~~~ AG S-5.54  Memoization ----------289,S-204
<p, LPC -------. AG 10.20 Reduction -« -ccrieeiietn 575
Alternating permutation problems
Checking down-up -« oo | ceoeeiiian Eq (S-2.30) Recursion ««-:cveveeeeenn 85,5-41
~~~~~~~~~~~~~~~~~~~~ 85,5-41 | ----eerrveeeooo - AG S-2.25  Inductive prog. --------- 85,S-41
~~~~~~~~~~~~~~~~ AG S-3.12 Divide & Conq. --------145,5-66
Checking up-down ----- 65 | e AG 1.18 Inductive prog. --««--cccenne 30
................. Eq (2.30)  Recursion -« ooeeemene-66
................... AG 3.9 Divide & Cong. ++-+++-------103
Checking up-up-down -« | «oceeeiieniinn Eq (5-2.31) Recursion ««-ccccveeeennn 86,5-42
-------------------- 86,5-42 | --+-----vooo.. - AG S-2.28 Inductive prog. ---------86,3-43
---------------- AG S-3.15 Divide & Cong. --------146,5-68
Down-up «--------- 86,5-41 | @ ---eriviiiins AG S-2.26 Inductive prog. --------- 86,5-42
~~~~~~~~~~~~~~~~ AG S-2.27 Recursion ------ceo------86,5-42
~~~~~~~~~~~~~~~~ AG S-3.10 Divide & Conq. --------145,S-65
---------------- AG S-3.11 Divide & Conq. --------145,8-65
----------------- AG S-4.1  Greedy Algo. ----------199,S-89
---------------- AG S-9.23 Greedy + minheap ----550,5-386
© s AG S-9.24 minheap - 550,5-387
---------------- AG S-9.25 Greedy + maxheap ---550,S-387
~~~~~~~~~~~~~~~~ AG S-9.26 maxheap --------------550,5-388
<psort ------ AG S-10.15 Reduction «----vvhenn 618,5-415
<psort ------ AG S-10.16 Reduction «------v-o-- 618,5-415
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<p sort «----- AG S-10.17  Reduction «----vvvenn 618,5-415
<psort ------ AG S-10.18 Reduction -------veen 618,S-415
<, UDP ... AG S-10.19 Reduction ---ccc-evt 618,5-416
<p UDP --.-Eq (8-10.23) Reduction ------------ 618,5-416
<, KSM ----.. AG S-12.5 Reduction «---vcoiennn 727,S-547
<p MDN --.... AG S-12.6  Reduction -------en-s 727,5-547
© quick-DU .- AG S-12.7 Las Vegas --+------+--- 727,5-548
Up-dOwWn ««vveveeeeenns 64 | © coreviiiieenns AG 2.24  Inductive prog. «-----«------- 65
.................. AC 2.25 RECUISION - --rcrvereevene-a65
................... AG 3.3 Divide & Cong. +++-+++++++---05
----------------- AG S-3.9 Divide & Conq. --------145,5-64
................... AG 4.3  Greedy Algo. «+++vvvveeee---155
.................. AG 9.13 Greedy + minheap «---------516
.................. AG 9.14 Greedy + maxheap «-------- 518
@ e AG 9.15 max-heap ««««- - rrrrrornns 518
~~~~~~~~~~~~~~~~ AG S-9.20 Greedy + maxheap ---549,S-384
---------------- AG S-9.21  Greedy + minheap ----549,S-384
................ AG $-9.22 minheap +-----+-------549,5-385
<p SOTE +-vvvven AG 10.2 Reduction «««-coeeeeevenenns 561
<p SOTE +ovvvvnen AC 10.3 Reduction -«-ccoveeeerenenn. 561
<p SOTt woeneenns AC 10.4  Reduction -«-ccoveeeerenenn- 561
<psort ------ AG S-10.10 Reduction «----vvieen 617,5-413
<psort ------ AG S-10.11 Reduction «----vvvveen 617,5-414
<psort -....- AG S5-10.12  Reduction «----cevenn 617,5-414
<psort ------ AG S-10.13  Reduction ------veens 617,S-414
<psort ------ AG S-10.14 Reduction ---«cc-vvt 617,S-414
<, DUP ..... AG S-10.20 Reduction ---ccc-evt 618,S5-416
<, DUP ....Eq (5-10.24) Reduction -«-«-«-+--- 618,5-416
<p MDN --...... AG 12.7 Reduction -----vieeiiiennn 711
© quick-updown AG 12.8 Las Vegas ---+-----vvvvvennnn 713
<, KSM ------ AG S-12.4 Reduction ----c-veenn 726,5-546
Up-up-down «------ 86,5-43 | & it AG S-2.29 Inductive prog. -« ------ 86,5-43
................ AG $-2.30  Recursion «««««----------86,8-44
---------------- AG S-3.13 Divide & Conqg. --------146,S-67
---------------- AG S-3.14 Divide & Conq. --------146,5-68
................. AG S-4.2  Greedy Algo. -+ 199,8-89
................ AG $-9.27 maxheap -+ -551,5-389
................ AG S-9.28 minheap --------------551,5-389
<psort ------ AG S-10.21 Reduction -----cvnenn 618,5-417
<P KSM .- AG S-12.8  Reduction ------------ 728,5-550
© quick-UUD -AG S-12.9 Las Vegas -+« +--- 728,5-551
André’s problem (see Euler zigazg number)
AVL tree
Checking -+ -+ -«v-ee- 449 | coie Eq (8.6)  cvvreeea 449
Construct «--«--- 493,5-348 | e Eq (S-8.1) Recursion «-«-«-------- 493,S-348
~~~~~~~~~~~~~~~~~ AG S-8.1 Inductive prog. -------493,S-348
TNSEIION « v cvvrvenenn- A53 | e AC 813 TRECULSION -« v crvererrenennns 453
Deletion «-«-vceovevenn- 453 | e AG 814 TRECUISION -« vvrvevenvenennns 453
Delete Maximum -« - - - - A2 | e AG 934 oo 542
Delete Minimum - - - - -- HA2 | e AG 9.33 Recursion -« e 542

see also AVL-select & AVL-sort under Order statistics & Sorting problems
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B tree
Checking ««---«-veeee-- ABT | oo AG 818 TRECUISION «-cvcvrevevernenens 467
Search «-ceerereeaennn AB8 | v AG 819 RECUISION «-cvcvrevevernenens 468
TOSEIrtIOn <« v cvevvvren 469 | v AG 820 TRECUISION «-cvvrerevernenens 469
Deletion - ««---cvevnen- A72 | e AG 891 RECUISION - cvcrrrrenaenenns A79
B+ tree
Checking ««-«-«-veeee-- ATT | e AG 822  RECUISION « - vcvrevevernenens 477
Search «-ceevrereraennn ATT | e AG 8.23  RECUTSION v+ cvevrrnenaenenns 477
INSErtion - «««rcrernen- A78 | oo AG 894 RECUISION -+ crrrrerenaenenn 478
Deletion - «-cc-cveeeen- A82 | v AG 8.95 RECUISION -« crrrrrrenmenenn 489
Bj tree
Checking ------- 497,5-361 | e AG S-84 Recursion ----coveennn 497,5-361
Search ---------- 497,5-361 | -cveieiiiiinn AG S-85 Recursion ----coeeennn 497,5-361
Insertion -------- 497,5-361 | oo AG S-8.6 Recursion -----c-onvn-e 497,5-361
Deletion ««------ 497,5-362 | - AG S-8.7 Recursion «------ooiee 497,5-362
Bell number (see under Set partition numbers)
Back edge checking ----- 379 | <, GCC ------- Eq (7.11) Reduction «-----vvvenennn 379
Bin packing (bounded parti- | cccccieieieieieinn AG 4.15 Greedy Aprx. - e veeeeenes 175
tion problem -+ -reen 174 | STP <, v - Eq (11.44)  NP-hard -« cooovoeoeaenn 669
(decision ver.) ------e-n 670 | STP < ------- Eq (11.45) NP-complete «-«---vvvvnvnns 670
MPSY <, ----Eq (11.47)  NP-complete «-----wvveennn- 671
Binary tree related problems
Depth of a node ------- 439 | <p SPL-eveeennn Pr 81 Reduction ----coovviiinnn 439
Height balanceness «---449 | ««vovveeieninnn Eq (8.5) Recursion «---c-vvvniienn 449
Height of a node ------ 439 | <gLPL -oeevenen Pr 82 m-Reduction -------voeonenn 439
© e Eq (8.1) Recursion «--««--:cooveeeees 440
Leftist - cverrereraenns 533 | ceeeieiiii Eq (9.21)  ReCursion ««---««-eeevenn 533
Null path length ------ 533 | <pPSPL -e-eeninn Pr9.10 m-Reduction --«---vcovnvnnnn 533
@ e Eq (9.20)  ReCursion ««--«««c-oveeennn 533
Number of nodes ina | «cooeeiieiin Eq (1.24) Closed form -« vvveeeennns 28
perfect binary tree 82,S-30 | ----o-oioeenn Eq (S-2.11) Recursion -«-----vovevens 82,5-31
b2t Eq (S-2.12)  Inductive prog. -+« 82,5-31
................. Eq (3.29) Divide & Congq. «---«--------137
Number of rBTs ------ 440 | (see Catalan number)
Right spine length ----534 | «-covoviveininn Eq (9.26) Recursion «-«-c-covieieeenn 534
Sum of depths ina | coeeeeeiiiiiinn Eq (1.25) Closed form -« veveveenns 28
perfect binary tree 82,S-31 | «--ccvvvvieinnn Eq (S-2.13)  Recursion ««-ccvoveeeennn 82,5-31
Z?:o 20 e Eq (S-2.14) Inductive prog. --------- 82,5-31
................. Eq (3.31) Divide & Conq. «------------138
Binary Search tree
Checking <« -«wreen- 443 | <p DFT «evvvnnnnn AG 8.3 Reduction -«-cecerereraenn- 443
................... AG 8.4 RECUISION - crcreereneenee--443
Deletion - «-ccccveeeen- A6 | o AG 8.9 RECUISION -+ crerrrreraenenn 447
TOSEIEION « v v erernenns A45 | oo AG 8.6 RECUISION - v cvrrrerrenenaes 445
MAXIIUIL -« v e veveenen QA6 | oo AG 8.8 e 446
Minimum -«-c--ceev-e- Q46 | oo AG 8.7 TRECUISION - vcvrrrevereenens 446
Search «-cceeeereraennn 443 | e AG 85 RECUISION - vcvrrrevernenens 444

see also AVL tree
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Binomial coefficient (see Subset selection without repetition)

Catalan number (number of | & -......... o Eq (5.108) Recursion -------ocooeieinnn 288
rooted binary trees) ----- 440 | B oo Eq (5.109) Recursion «----veeiiiiin 288
--------------- Eq (S-5.71) Memoization ----------288,S-200
................... AG 8.1 Strongind. «----ooreeeeeee- 441
................... AG 82 Memoization -«-«-c-cvenene--441
<, BNC --.-.. Eq (10.27) Reduction «----cvvvveeieennn 585
<pFAC -..... Eq (10.28) m-Reduction «+--cvvoviennnn 585
Clique (Maximum clique) 672 | SCN <, ------- Tm 11.16 NP-hard -----covoveveeenens 672
IDS <pp --vvve Eq (11.51)  NP-hard «---vvveeeeennnn. 675
VCP <, voeeee Eq (11.57)  NP-hard «--ccoooveeeoenn. 678
(decision ver.) «--------- 674 | SCN <p ------ Eq (11.50) NP-complete «-----cvnvnvnen 674
DS <, -+ Eq (11.53) NP-complete ------ovovnvnnne 676
VCOPY <, ----Eq (11.61) NP-complete -« ----vvvvvven. 679
Coin Change problem (see Postage stamp equality minimization under Stamp problems)
Colexicographical order | ~+-coveiiinnn Eq (S-2.36)  Rcursion «-:ccceeeeeeinnn 88,5-49
...................... 88,8-48 | verrrveeeeeee-AG S-2.36  Tail recursion ----------- 88,5-49
Complete k-ary tree related problems
Level of the ith node --503 | «cveveverenenennn. Eq (9.9)  Closed form -« -«--oveeeenee- 503
Num. of internal nodes 503 | -««--cevvveeeen. Eq (9.10) Closed form ««-«-«-covnvnenen 503
Number of leaf nodes - 503 | -« vovvveveeeen. Eq (9.11) Closed form ««-«-«-covnvnenes 503
Combinational Circuit problems
CONSETUCE « v vvvvrvnnnn 649 | i AG 111 Stack «cvcvererrmeenenininn. 649
convert to equivalent pro- | cccceeiiiieie AG 11.2 Recursion -««++ oveeeneeeanns 651
POSILION <+ v 650
convert to equi-satisfiable | ««- oo AG 11.3 Memoization ---«««--cccenn- 652
proposition ... 651
evaluate -« - e 647 | B oot Eq (11.2) Recursion «--«ccereeereennn. 647
---------------- AG S-11.2  Strong ind. -----------691,5-501
---------------- AG S-11.1  Memoization ----------691,S-501
see also under satisfiability
Complete recurrence problems
2?2—11 TGE) +1 -oeeeee 286 | & oo Eq (5.103) Recursion ------«-oooooon 286
.................. Tm 528 Closed form ««««-«ccveveve-..286
............... Eq (S-5.69)  Memoization ----------286,5-195
---------------- AG S-5.43  Strong ind. -----------286,5-194
Z;:Ol TE) +n e 286 | B oo Eq (5.104)  Recursion ««------vveeeennn 286
~~~~~~~~~~~~~~~~ AG S-5.44 Strong ind. -----------286,5-196
.................. Tm 5.29 Asymtotic Aprx.-------------286
~~~~~~~~~~~~~~~ Eq (S-5.70) Memoization ----------286,S-196
............... Eq (5.105)  Recursion - -«------- oo 286
---------------- AG S-5.45  Inductive prog. -------286,5-197
Z;;l :(_Zi L e 234 ’Q‘ .............. Eq (5.22) Recursion «---ccvvvieeeeinnnn 234
................... Tm 5.7 Closed form «-«-«-c-creov-...934
~~~~~~~~~~~~~~~~ AG S-5.46  Memoization ----------287,S-198
.................. AG 5.12  Strong ind. «--ceeceeeeeeee--235
.................. Tm 12.2  Asymptotic Aprx. ----------- 708
9 Z?:_Ol @ I 27 | B s Eq (5.107) Recursion -« «----wceooeeennn 287
~~~~~~~~~~~~~~~~ AG S-5.47  Strong ind. -----------287,S-198
.................. Tm 5.30 Closed form «-«-««««vevv-v.-287
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~~~~~~~~~~~~~~~~ AG S-5.48 Memoization ----------287,S-199
25 y L] AT | e Tm 8.1 Asymptotic Aprx. «««-«------ A47
2 2?2_01 y F+O(n) --TO6 | oo Tm 12.1  Asymptotic Aprx. -« ot 706
for other types of complete recursion, see Catalan number and Euler zigzag number.
Conjunctive normal form
Checking ««-----veeee-- 653 | v Eq (11.5)  Inductive prog. ««----«------ 653
................. Eq (11.7)  Recursion «----««-----------653
Convert to CNF-3 ---- 656 | Tseitin trans. AG 11.4 Recursion -----ccooveeieennns 656
see also under satisfiability, tautology, and fallacy
Connectivity (Graph)
Connectivity «--------- 375 | v Eq (7.8)  Reduction «-«----veeeevennn 375
<p, GCC -veennn Eq (7.9)  Reduction -------weeeoeeen-n 377
Find connected components | -t AG 717 Stack --vv-vrveeriii 376
....................... 376 | ceeceeiiieieeo - AG S-7.4  Recursion c-eeeeeeee---422,.8-277
................. AG S-7.5  Stack -+ eereeeeeene.422 8278
Consecutive sub-sequence arithmetic problems
Maximum sum «-«-««--- 29 | e AG 113 by def. «vvvvvveeeeeeeeeiiaann. 29
.................. AG 1.14 by def. «vvvvveeeeieiiiiia..23
................... AG 3.6 Divide & Cong. «+«--++------100
® Kadane ----- AG 10.32 m-Reduction ««----coveienenn 616
<p minCSS -- AG S-10.50 Reduction ------------ 635,5-487
<p minCSPp -AG S-10.54 Reduction ------------ 635,5-489
(ending-at ver.) (MCSSe) | ---vvovreennnn Eq (10.107)  Recursion «--«-«-evevneennes 615
Maximum product 31,S-16 | -«c--vvvvveeeenn AG S-1.2 bydef. «--erieiinn 31,5-16
~~~~~~~~~~~~~~~~ AG S-3.18 Divide & Conq. --------147,8-72
~~~~~~~~~~~ AG S-10.58 m-Reduction -+ 637,5-494
(ending-at ver.)(MCSPe) | ---vvvevninn Eq (S-10.113)  Recursion «-«-«-------- 637,5-493
Maximum product | ceeeeeeiiieeennn AG S-3.17 Divide & Conq. -------- 147,S-71
(positive number) 147,S-71 | <, MCSS ------ AG 10.31 Reduction «-----vreneenennn 614
<, minCSPp -AG S-10.51 Reduction ------------ 635,5-487
@ e AG S-10.56 m-Reduction ---------- 637,5-491
<p MCSP - Eq (S-10.115) Reduction «----------- 637,5-494
(ending-at ver.)(MCSPpe) | ----vvvvvns Eq (S-10.111) Recursion -«-«--------- 637,5-491
Minimum sum ---- 31,S-15 | «+c-ovveenieinn AG S-1.1 bydef. «--vvovviiiiin 31,5-16
---------------- AG S-3.16 Divide & Conq. --------146,S-70
<, MCSS ------ AG 10.29 Reduction «-----cneeenennn 612
<p minCSPp -AG S-10.53 Reduction --------v---- 635,612
© e AG S5-10.55 m-Reduction ---------- 636,5-490
(ending-at ver.)(minCSSe) | -----ovioene Eq (S-10.110) Recursion -«-«----c---- 636,5-490
Minimum product -31,S-17 | -«cooverevreeenn AG S-1.3 bydef. «--eiieiinn 31,5-17
~~~~~~~~~~~~~~~~ AG S-3.20 Divide & Conq. --------147,S-74
© e AG S-10.59 m-Reduction --------- 638,5-495
(ending-at ver)(minCSPe) | ----cvovvvns Eq (S-10.114) Recursion «---«-------- 638,5-493
Minimum product | ceeeeeeiiieeenn AG S-3.19 Divide & Conq. «------- 147,S-73
(positive number) 147,S-73 | <, MCSPp ---- AG 10.30 Reduction «-«----ceovneeenn. 613
<p, minCSS -- AG S-10.52 Reduction ------------ 635,5-488
© e AG S-10.57 m-Reduction -« .- 637,5-492
<p minCSP Eq (S-10.116) Reduction «----------- 638,5-495
(ending-at ver)(minCSPpe) | -----vnvtt Eq (S-10.112) Recursion -«-«--------- 637,5-492
Convex hull -----vvovvvne 580 | Graham’s scan - AG 10.22 Reduction + Stack -«--+----- 581
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Critical Path problem ---267 | & ... ...t Eq (5.55) Recursion -« oeeeeeeeeinis 267
CPM/PERT ---- AG 5.32 Strongind. «-+-c-vovvveenen. 267
<p LPC oonnnnn AG 10.17 Reduction «-«--c-ceeerenenn. 572
Cycle detection (Graph)
Cycle in ungraph «-- - - - 378 | v AG 7.18 RECUSION «-cvcvrevevernenens 378
................. AG S-7.6  Stack «««--vvveveeeeee.423.8-279
................. AG S-7.7 Quete -+ - oo 4235280
Cycle in digraph ------ 255 | <, TPS -------- Eq (5.48) Reduction «-----vheneninennn 255
.................. AG 7.19 ReCUISION «--c-cv-creveve--380
Cycle numbers
Number of at least k <p' SNEF ------ Eq (10.38) m-Reduction «-------oovnvvns 590
cycles ---oieninn 433,5-330 | <p* SNF -----. AG S-7.75 m-Reduction 4+ Cyl ---433,S-330
<p" CNam ----Eq (10.40) m-Reduction -« cevvnnne 590
<p, CNam ----- Eq (10.42) Reduction «-«--vvveeneinnn 590
Number of at most k <p'SNEF ------ Eq (10.37) m-Reduction «---«-ovvennnnn 590
cycles «-c-veiennn 433,5-328 | < SNF ------ AG S-7.73 m-Reduction + Cyl ---433,5-329
<p' SNF --.... AG S-7.74 m-Reduction + Cyl ---433,5-329
< CNal ----- Eq (10.39) m-Reduction «-«-«-cvvnveenes 590
<, CNal ------ Eq (10.41)  Reduction «--«««-ceeoeeenee- 590
Stirling number of the B Eq (6.28) Recursion «----ovovoviiinn 348
first kind -+ e e oot 348 | e AG S-6.26 2D Memoization ------ 347,5-242
~~~~~~~~~~~~~~~~ AG S-6.27 2D Memoization II ----347,S-242
~~~~~~~~~~~~~~~ AG S-6.28 2D Str. ind. ----------347,5-243
© e AG S-7.72  Strong ind. + Cyl ---- 433,8-327
Disjunctive normal form | .o Eq (11.77)  Inductive prog. ------------- 687
Checking « -« «vveeeerrne 687 | cee Eq (11.79)  ReCUISion -« ««-««oovveoveens 687
see also under satisfiability, tautology, and fallacy
Divide recurrence problems
Tn/2)+1 -oeeeeeennns 142 | Master Theorem - Tm 3.9 Asymptotic Aprx. -« 142
T2 +1 e 232 | e Tm 5.6 Closed fOrm «««-v-cvevvevenn. 239
................. Eq (5.20) Divide & Cong. «------------232
.................. AG 5.11  Strong ind. «««-cc - veeee--233
................. Eq (5.29) Memoization -« «-------------243
.................. AG 5.17  Tail recursion «----«-«--«----243
T( [NEW) T 275 | e Tm 5.15 Closed form ««««««ovvvvvvvnns 275
................. Eq (5.60) Divide & Conq. «------------275
~~~~~~~~~~~~~~~~ AG S-5.10 Strong ind. -----------275,S-151
--------------- Eq (S-5.23) Memoization ----------275,S-152
~~~~~~~~~~~~~~~~ AG S-5.11  Tail recursion ---------275,S-152
Tn/2)+mn veeeeees 142 | Master Theorem - Tm 3.9 Asymptotic Aprx. -« .- 142
T2 4n e 276 | coe Tm 5.16  Closed fOTm -« «-cvenereenns 276
................. Eq (5.61) Divide & Conq. «-----------276
................ AG $-5.12  Strong ind. ««-+-------276,8-153
--------------- Eq (S-5.25)  Memoization ----------276,5-154
---------------- AG S-5.13  Tail recursion ---------276,3-155
2T (n/2) 41 «vvvvveeens 142 | Master Theorem - Tm 3.9 Asymptotic Aprx. -« .-+ 142
T2+ T2 41 231 | oo Tm 5.5 Closed [Orm -« -c-ceevrereen 231
................. Eq (5.17) Divide & Conq. «---«-------231
.................. AG 5.10  Strong ind. ««ccceeereeeeee2232
................. Eq (5.28) Memoization -« ««---c-eoee2241
T(L”T_IJ) 4 T([”T‘l]) T Tm 5.17 Closed form ««««««covvvvevnns 277
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....................... 276 | «-ooeeeiiie o Bq (5.62)  Divide & Cong. «--veeeeee--276
---------------- AG S-5.14 Strong ind. -----------276,S-155
--------------- Eq (S-5.27) Memoization ----------276,S-156
2T(n/2) +n - vveeens 142 | Master Theorem - Tm 3.9 Asymptotic Aprx. .-« 142
T2 +T([2]) AFm - 277 | coeveeeeennes Eq (5.64) Closed form «---«veoovveennn. 277
................. Eq (5.63) Divide & Conq. ««-----------277
~~~~~~~~~~~~~~~~ AG S-5.15 Strong ind. -----------277,S-157
~~~~~~~~~~~~~~~ Eq (S-5.30) Memoization ----------277,5-158
2T(n/2) +logn «------ 142 | Master Theorem - Tm 3.9  Asymptotic Aprx. -« 142
T(L%J) 4 T([%]) e Eq (5.65) Divide & Cong. ---vvvvroe- 277
[logn| 41 «ooveene 277 | wevvevmeeeinnnn AG S-5.16  Strong ind. -----c-e--- 277,5-159
--------------- Eq (S-5.31) Memoization ----------277,S-160
.................. Tm 5.66 ASymptotiC Aprx. B £ ]
DiviSion -----crcvcrenen-e- T6 | cieeiiiiiinn Eq (2.38) RCUISION - vrmemimmennn 76
.................. AQ 2.33  Tail recursion ««---«cceev-v---76
.................. AG 2.34  Inductive prog. -------------- 76
.................. AG 3.15 Divide & Cong. «+++++«------111
Dot product ------------- A6 | - eiiiiiin. Eq (2.19) ReCUrsion ----------- - ----- 16
................... AG 2.6 Inductive prog. -------------- 46
----------------- AG S-3.6  Divide & Conq. --------144,5-60
Double factorial (see under Product)
Element uniqueness ------ B | e Lm 2.3 Recursion -----vooveiiennn 55
.................. AG 2.15 Inductive prog. -------------- 55
<p'search -----. AG 2.16 m-Reduction -« vvveennnn 56
~~~~~~~~~~~~~~~~~ AG S-3.3 Divide & Conqg. --------143,S-57
O <psort ------ AG 10.5 Reduction «-----vveiiiiin 562
Euler zigazg number ----235 | & -............. Eq (5.25) Recursion «--cocieiiiin 236
André’s problem | e AG 5.13 Strongind. ----cceeiieeinn 236
~~~~~~~~~~~~~~~ Eq (S-5.73) Memoization ----------289,5-204
Eulerian numbers (see under Number of ascents)
Eulerian numbers of the second kind (see under Number of ascents)
Factorial n! (see under Product)
Fallacy logic related problems
CNF (FCN) ----vvoeeen 688 | " SCN «------t Eq (11.80) co-NP-complete «------------ 688
TDN <p, -+ Eq (11.84) co-NP-complete «««-w-vvovnes 688
DNF (FDN) «-----nn-. 688 | <, TCN -----. Eq (11.83) Reduction -«--cvnvvvevennn. 688
TFallacy (FAL) «-------- 685 | = SAT -------- Eq (11.67)  co-NP-complete ------cvvnn- 685
TAU <) ++- - Eq (11.69) co-NP-complete -«----cvvn-- 686
LEQ <p +++--- Eq (11.74)  co-NP-complete -«----c-v--- 687
FCN <, -ovvee Eq (11.88)  co-NP-complete «---«----o-o 689
Fermat Number ---------- 51 | < POW --.... Eq (2.25) m-Reduction «-«-«-vvvnvnnnn 51
................. Eq (2.26)  Recursion «---------oeeeono-51
.................. AG 2.12  Inductive prog. -------------- 52
2 ... Eq (5.110)  Recursion -« ««««««wweeeeeee.. 289
~~~~~~~~~~~~~~~~ AG S-5.49  Strong ind. -----------289,5-201
~~~~~~~~~~~~~~~~ AG S-5.50 Memoization «---------289,S5-202
Fibonacci problems
Fibonacci number - - - - - 244 | B et Eq (5.30) Recursion «--cccvreeeiiinnn 244
.................. AC 5.18  Memoization «-«««-c-c-c-----244
.................. AG 521 Strongind. - -ceeeeeeeett250
................. Eq (5.37) Divide & Conq. ««««---------247




.................. AG 519 Memoiz. + D&C «-vvvnnvn. 247
.................. AG 520 Memoiz. + D&C +--v-evnvn. 249
.................. AG 734 Str.ind. + Cir. ------------ 398
.................. AG 7.35 Memoiz. + Cir. «--v-c-----.-398
.................. AG 739 D&C + Jmp. «ccevvvveennn-402
<, WWP ..... Eq (10.14) Reduction «-----vvvvvieeennn 567
<, NPP -....... AG 109 Reduction ----vvveeiiiinnn 568
<pLuc - Eq (10.82) m-Reduction «-«-cvvoviennnn 596
Binet formula -Eq (10.84) m-Reduction «--------vvnv-- 597
<p MXP --.-.. Eq (10.86) Reduction «----c-cvenen 634,598
<z LUC ----. Eq (10.119) m-Reduction «-«-«-covnveenes 626
<y LUC ----. Eq (10.120) m-Reduction «-«----cvovneenn 627
<, LUC ----. Eq (10.121)  Reduction ««----veeovveennnn 627
<, MXP ----- Eq (10.123) Reduction «-----vvvevreennn 627
<, LUS ----. Eq (S-10.83) Reduction :-c-cvvnes 626,5-451
<, FTN -..Eq (S-10.103) Reduction -----«------ 634,5-482
<p FRC ---Eq (S-10.104) Reduction ------------ 634,5-482
<" LSC ---Eq (8-10.108) m-Reduction ---------- 634,5-485
Fibonacci tree size ----139 | & ..ot Eq (3.33) Recursion -«----vvveininnnn 139
~~~~~~~~~~~~~~~~ AG S-7.11  Str. ind. + Cir. ------424,5-287
~~~~~~~~~~~~~~~~ AG S-7.10 Memoiz. + Cir. ------424,S-287
................... Tm 8.2 Asymtotic Aprx.-««««««------450
<p,FIB -+ Eq (10.77)  Reduction «----v-vveneinnn 595
<p FRN -.-Eq (5-10.105) Reduction ------------ 634,5-483
<p MXP ---Eq (S-10.106) Reduction ------------ 634,5-483
Recursive calls «--«---- 246 | B oo Eq (5.32) Recursion «-cceereeeiinnnn 246
~~~~~~~~~~~~~~~~~ AG S-79  Str. ind. + Cir. ------424,5-286
~~~~~~~~~~~~~~~ AG S-7.12 Memoiz. + Cir. ------424,S-287
<, FIB ... Eq (10.78)  Reduction «-----woeovveennn 596
<p FTN ...... Eq (10.79) Reduction «----v-vvoenennnn 596
<, MXP ---Eq (S5-10.107) Reduction -«-«-«----- 634,5-484
see also Lucas number and Lucas sequence related problems
Frobenius postage stamp problem (see Frobenius number under Stamp problems)
Greater between elements | ----ocooeinn Eq (S-2.34)  Recursion - ceeeeneinn 87,5-46
sequence (GBW) «-...... 120 | cvveeeieeens AG S-2.32  Inductive prog. --------- 87,5-46
.................. AG 3.18 Divide & Cong. ++-+++++-+++-120
© e AQ S-7.2  Stack «cccverereeninnn 422.8-275
<, LBW -..... Eq (10.10)  Reduction «---«-eveeeeeennn. 559
Greatest common diviSor | «-c-crceerereeen AG 1.3 Dby def. --- oo ]
(GCD) ovveveeeeiees 7 | Euclid’s algo ----- AG 1.4 Dby recursive def. -----oviiitnn 8
O Euclid’s algo - AG 2.32  Tail recursion ««--«-c-vvvvnvee 75
<pLCM ... Eq (10.9) Reduction -« -««cceevvvvenn- 558
multi GCD -------- - 88,5-49 | et Eq (S-2.37) 1st order rec. ----------- 88,5-50
~~~~~~~~~~~~~~~~ AG S-2.37 Inductive prog. ---------88,S-50
~~~~~~~~~~~~~~~~ AG S-3.29 Divide & Conq. --------150,5-82
Hamiltonian Graph Problems
Hamiltonian Cycle ----682 | VCP <, «---vvvvvnens [96] NP-complete «----ovvenennn 682
Hamiltonian Path ----- 681 | HMC <, «------ Tm 11.20 NP-complete ------vvvvvvnenn 682
Heap data structures
Binary Maxheap or simply max-heap
Check ««vovevneenannn. 504 | © «ooiieieeeeeenns AG 9.1 by def. revvrrrrereeaeeaaainns 504
................... AG 9.2 Divide & Conq. +-+--++---+--505
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@ e AG 9.3
CoNStruct ««-vcvvevene- BO8 | vereieeians Lm 9.1
................... AC 96
Heapify ---------- Lm 9.2
© Heapify ------- AG 9.7
Delete-max «----««-«-- 507 | voveii AG 9.5
TRSEIt « - vvvverenvenenns 506 | corriri AG 9.4
Binary Minheap or simply min-heap
Check ««vvevervns 5478371 | @ -+ AG S-9.1
................. AQ S-9.2
@ e AG S-9.3
Delete-min - ----- BATS-3T3 | ~evovvvvveeeeenns AG S-9.5
Insert «-«---v«--- BAT,S-372 | «oeeerreein AG 9.4
Binary Minmaxheap or simply minmax-heap
Check -« vvrverennennns 524 | © cveeeeiiiieanns AG 9.20
................ AG S-9.35
@ oo AG S-9.34
ConStruct ««-vcvvevene- 530 | v Lm 9.3
.................. AC 9.24
.................. AC 9.25
................... Lm 9.4
@ o AG 9.26
Delete-max - ««-«-««--- 58 | e AG 9.23
Delete-min ««-c-cc-«--- 58 | i AG 9.22
Find-max -«---cceov--- 593 | e Eq (9.13)
Findemin - -c-ccvveve-- 593 | e Eq (9.12)
TRSEIt « v vvvereneenenns 526 | ceeeiii AC 9.21
Leftist max heap
Check ««vvevervns 553,5-400 | o reeeeeeeiiinns Eq (S-9.1)
................ Eq (S-9.2)
Construct «-«---- 553,8-401 | v veeeeiiiiiiinn Eq (S-9.4)
................ AG S-9.38
................ Eq (S-9.5)
................ AG S-9.39
Delete-max - ---- 553,5-401 | -cveriiiiiaain AG S-9.37
TnSert «-covevvn-- 553,5-401 | +reeereeeeiines Eq (S-9.3)
Max heap property -«--534 | «covenviiiiinn Eq (9.23)
Merge «---vv-e-- 553,5-400 | Meld ---------- AG S-9.36
Leftist min heap
Check -« «vvrvereenenens 534 | e Eq (9.24)
................. Eq (9.25)
CONSEIUCE -« vervevene- 539 | ceieeiiiin Eq (9.29)
.................. AGC 9.30
.................. AG 931
................. Eq (9.30)
.................. AC 9.32
Delete-min ««-«-««-«- - 539 | coeei AC 9.29
TRSEIt « v vvvereneenenns 538 | e AG 9.28
MeEIge ««+vvnernnns 536 | Meld --cvvevenve-- AC 9.27
Min heap property ---:534 | «coceeiieiiin Eq (9.22)

Index of Computational Problems

Divide & Cong. --«vvvrvvvn-- 505
RECUISION «« v cevrerveennenne 509
Inductive prog. ------oeeenne 509
Divide & Conq. -+ vconvvne 510
Divide & Conq. -+« vvvvvene 511
............................. 508
............................. 506
by def. «eveiiiiiiannn 547,5-372
Divide & Conqg. ------- 547,S-372
Divide & Cong. ---+--- 547,5-372
....................... 547,5-373
....................... 547,5-372
by def. «vvvviiiie 524
Divide & Conq. ----- S-396,5-397
Divide & Conq. ----- S-396,5-396
RECULSION «« v verrerreeneenn 531
Inductive prog. -----ceeoo--- 531
Inductive prog. - -eoo-- 531
Divide & Cong. --«vvvrvvve-- 531
Divide & Conq. -+ vvvnvene 531
............................. 529
............................. 529
............................. 523
............................. 523
............................. 527
Reduction ------onnnn 553,5-400
Recursion ------vveeeet 553,5-400
Recursion - -----vvonnn 553,5-401
Inductive prog. ------- 553,5-401
Divide & Conq. ------- 553,5-402
Divide & Conq. ------- 553,5-402
Reduction ---------n- 553,5-401
Reduction ------onnnn 553,5-401
RECUISION «« v cevrerveennenne 534
Recursion ------vvveeet 553,5-400
Reduction - ««-cc reerreenenn 534
RECUISION «« v vevrerveeneennn 534
RECUISION «« v cevrerveennenne 539
Inductive prog. ------oeeennn 539
Inductive prog. ------oeeennn 539
Divide & Conq. ----c+-vvvv-- 541
Divide & Conq. ---+-v-nv--- 541
Reduction «««-cc reerreenenn 539
Reduction - ««-ccereemveanenn 538
RECUISION «« v cevrerveeneennn 536
RECUISION «« v cevrerveennenne 534

Huffman code (see Minimum length code)
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Independent set «-------- 675 | cvveeieeens AG S-4.28 Greedy Aprx. «««------ 208,5-120
CLQ <p - Eq (11.51)  NP-hard ««---ovvveeeneennnn 675
VCP <, --e e Eq (11.55)  NP-hard ««---cceeeemeennnn 677
SCN <, ---- Eq (S-11.96) NP-hard «---------oo-- 698,5-526
(decision ver.) «---eeens 676 | CLQY <, ----BEq (11.54) NP-complete -« -+« vvvee 676
VCOPY <, ----Eq (11.59) NP-complete -« ---wwvvvven 679
SCN <, ----Eq (S-11.97) NP-complete ---------- 698,5-528
Integer multiplication ---- 21 | «-vvvvveeiennny AG 1.11 Inductive prog. ----«-:c-vnve- 21
Doubling method AG 1.12  «+vvvrereeeeeeiannaaaaaaaany 21
................. Eq (2.15) Recursion ««------oeeeennen. 42
---------------- AG S-3.23 Divide & Conqg. --------148,S-78
Integer partition
any parts ------- 436,8-339 | <" IPE -+ .- AG S-7.85 m-Reduction + Cyl ---436,5-339
<t IPE ... Eq (S-10.74) m-Reduction ---------- 626,5-449
<p IPam ----Eq (S-10.75) Reduction ------------ 626,5-449
<,IPal ----- Eq (S-10.76) Reduction ------------ 626,5-449
<, IPE ----. Eq (S-10.77)  Reduction ---«-cevnes 626,5-449
at least k parts - 436,5-338 | <" IPE ---.... AG S-7.84 m-Reduction + Cyl ---436,S-338
at most k parts -« 332 | B e Eq (6.23)  Recursion - creeeeeeeienns 332
I(n k) | e AG 6.31 2D Str. ind. ccccceereeeeennn 332
.................. AG 6.32 Memoization -«-«-«-+-«-+----333
@ e AG S-7.86 m-Reduction 4+ Cyl ---436,5-340
~~~~~~~~~~~~~~~~ AG S-7.87 m-Reduction 4+ Cyl ---436,5-340
---------------- AG S-7.88 m-Reduction + Cyl ---436,5-341
@ s AG S-7.89 Strong ind. + Cyl ----436,5-341
---------------- AG S-7.90 Strong ind. + Cyl ----436,5-342
<G IPE --oeee Eq (10.35) m-Reduction «-«-«-cvnveenes 588
<G IPE oo Tm 10.7 Reduction «-«-c-cocoeeeeene- 588
<, NPP -.... AG S-10.47 Reduction -------ov--- 624,5-443
<, BIPam --Eq (S-10.82) Reduction -+« 626,5-450
at most k parts with upper ;‘Q ~~~~~~~~~~~~ Eq (S-6.14)  Recursion ------ooonnnn 353,5-260
bound Iy(n,k) --353,5-260 | ---ccoeiieinenn AG S-6.44 3D Str. ind. ----c-e--- 353,5-261
O e AG S-6.45 Memoization - 353,5-263
<p' BIP ... Eq (S-10.78) m-Reduction ---------- 626,S-450
<, BIP ... Eq (S5-10.79) Reduction ------------ 626,5-450
Exactly k parts ------- 326 | B oo Eq (6.22) Recursion -----voviiiiiinn 327
p(n,k) ACQ 6.28 2D Str. ind. c-cccceieieenns 3928
.................. AG 6.30 Memoization -«-«-«---«------329
@ e AG 7.54  Strong ind. 4+ Cyl -+ ---- A16
@ e AG 7.55 Strong ind. + Cyl --------- 417
<p, IPam ------ Eq (10.36) Reduction «-«--cvvevneinnnn 589
<p NPP ..... AG S-10.46 Reduction ------------ 624,5-442
<, BIP - Eq (S-10.81) Reduction «-«------ - 626,8-450
Exactly k parts with upper | & .- oo nn Eq (6.26) Recursion «----ocovoeiiiin 338
bound py(n, k) - 338 | e AG 6.35 3D Str. ind. -cccoeereeeeeenn 339
@ e AG 6.36 Memoization -« -« reeeveens 340
<, BIPam --Eq (S-10.80) Reduction -«:---«----- 626,5-450
Jacobsthal number -« ----- 280 ’Q‘ .............. Eq (5.77) Recursion «--eeeeveeeeeenns 280
~~~~~~~~~~~~~~~~ AG S-5.24 Strong ind. -----------280,S-172
~~~~~~~~~~~~~~~ Eq (S-5.45) Memoization ----------280,5-173
................. Eq (5.78)  Recursion -----«---ooeoono--281




750 Index of Computational Problems

---------------- AG S-5.25 Inductive prog. -------280,S-174

................. Eq (5.79) Recursion -« voeoee. 2281

---------------- AG S-5.25 Inductive prog. -------280,S-174

............... Eq (S-5.48) Divide & Cong. -------280,5-175

---------------- AG S-5.27  Memoiz. + D&C -----280,S-175

~~~~~~~~~~~~~~~~ AG S-7.26  Str. ind. + Cir. ------426,5-294

~~~~~~~~~~~~~~~~ AG S8-7.27  Memoiz. + Cir. ------426,5-294

~~~~~~~~~~~~~~~~ AG S-7.28 D&C + Jmp. ---------426,5-294

<p NPP ... AG 10.13  Reduction «-«--ceceeerenenns 569

<pJCL ----- Eq (10.144) m-Reduction -«-«-- vovnenenn 629

<rJCL - q (10.145) m-Reduction -« vovvveenn 629

<GHJCL - q (10.146) m-Reduction -« v vvveens 629

<p POW -...Eq (10.148) m-Reduction --------ovvnnnn 629

<, JCL ------ q (10.150) Reduction -----voveveeennnn 629

<p MXP ----. q (10.152)  Reduction -----v-vvvevennnn 629

<p MSN ..... Eq (10.156) Reduction «-«-«-v-vnvnennnn 629

<p MSL ----- Eq (10.157)  Reduction «----cevvvveeennnn 629

<p MSN ... Eq (10.160) Reduction -« covveereeens 630

<p MSL ----- Eq (10.161) Reduction «------vvnvnennnn. 630

<p, LUS ----- Eq (S-10.89) Reduction ------------ 629,5-462

Jacobsthal-Lucas number g ... Eq (5.82) Recursion ----oooviiiiiinnn 281

......................... 281 | ++veeeveeeeeooo-AG S-5.28  Strong ind. -c---------281,8-176

--------------- Eq (S-5.49) Memoization ----------281,S-177

................. Eq (5.83) Recursion ««---«-ecooveeno2282

~~~~~~~~~~~~~~~~ AG S-5.29  Inductive prog. -------281,S-178

~~~~~~~~~~~~~~~ Eq (S-5.52) Divide & Cong. -------281,5-179

~~~~~~~~~~~~~~~~ AG S-5.30 Memoiz. + D&C -----281,S-179

---------------- AG S-7.29  Str. ind. + Cir. ------ 426,5-295

---------------- AG S-7.30  Memoiz. + Cir. ------ 426,5-295

---------------- AG S-7.31 D&C + Jmp. ---------426,5-296

<, NPP ------- AG 1014 Reduction --------ceeveenen- 569

<prJCON - Eq (10.141) m-Reduction -------vvvvvvens 629

<prJCON --.-e Eq (10.142) m-Reduction «-------vnvvnnn 629

<P JCON ---ee Eq (10.143) m-Reduction «-------vnvvvnen 629

<p' POW --.-Eq (10.147) m-Reduction ---------------- 629

<t JCN ... Eq (10.149) m-Reduction -«-«--vovnenenn 629

<p JCN --... q (10.151)  Reduction -« voveveeeennn 629

<p MXP --..- q (10.153)  Reduction -« veveveeeninn 629

<p MSN ---.. q (10.154)  Reduction --««--eceoveeneess 629

<, MSL ----- q (10.155) Reduction -----voveverennnn 629

<p MSN ... q (10.158) Reduction -----vovevevennnn 630

<p MSL ----- Eq (10.159)  Reduction -«-«eevnveerennnn 630

<, LUS -+ Eq (S-10.90)  Reduction -« - 629,5-462

Job scheduling with | - AG 4.16 Greedy Algo. -----vvvveenenn 177

deadline ------coeiiienn i R R AG S-9.33  Greedy + maxheap ---552,5-395
Kibonacci number (generalized Fibonacci)

Ky, =Kp_1+ Kp_p ---249 ’g; .............. Eq (5.38) RECUTSION - rrrvrrrerrnnanns 249

.................. AG 521  Strong ind. --«cceeeeroeeeee2250

................. Eq (5.39) Memoization -« -« -2 250

................. Eq (5.42) Divide & Conq. ««---«-------251

.................. AG 522 Memoiz. + D&C - vv-vv... 251

.................. AG 7.31  Str. ind. + Que. ------------307




.................. AG 7.32  Str. ind. + Cir. --cveve-en- 397

.................. AG 7.33 Recursion + Cir. -+ --------397

© o AG 740 D&C + Jmp. cvevvrrreeeens 403

<p MXP ---... BEq (10.88)  Reduction ««««----vvveeenns 600

<p MXP ... Eq (10.91)  Reduction «---«-eveeeeeennnn 601

<p WWP ...Eq (S-10.25) Reduction ------------ 619,5-421

<, NPP ..... AG S-10.28 Reduction --------o--- 619,5-421

Full Kibonacci [65] ----285 | & -----ooionn. Eq (5.101)  Recursion ««---ceoveveiennn 285
Kn=30 [ Kn_i | oo AG 8-5.41  Strongind. «-----e--- 285,5-192
............... Eq (S-5.67) Memoization - ------ - -285,8-192

;9; ............ Eq (5.102) Recursion -« -« oeeeeeeeenes 285

---------------- AG S-5.42  Strong ind. -----------285S-193

--------------- Eq (S-5.68) Memoization ----------285,S-193

~~~~~~~~~~~~~~~ AG S-7.38 Str. ind. + Cir. ------427,8-300

© e AG S-7.39  Str. ind. + Que ------ 427,5-301

@ e AG S-7.40  Str. ind. 4+ Cir. ------ 427,S-301

<p MXP ------ Eq (10.92) Reduction «-+--vvveeneinnn 602

<p MXP -.--.- Eq (10.93)  Reduction «-«--cvveeneinnn 602

<p MXP ------ Eq (10.94)  Reduction «-----weeovmeennnn 602

<p MXP -----. Eq (10.95)  Reduction «-----woeoveennnn 602

<p WWP -..Eq (8-10.26) Reduction ------------ 619,5-422

<p, NPP ..... AG S-10.29 Reduction ---«ccoevt 619,5-422

Knapsack problems

0-1 knapsack ««-------- 162 | vovei AG 4.6  Greedy Aprx. I ««eeeeeeennn. 162
................... AG 4.7 Greedy Aprx. IT «««--------- 163

.................. AG 425 Greedy Aprx. III --«eeo---- 202

’g; ............... Eq (6.6) Recursion «««««wevoeeiaennn 302

dynamic «----ee--- AG 6.6 2D Str. ind. ccccoceieieenns 302

................... AG 6.8 2D Memoization ------------303

.................. AG 7.41 2D str. ind. + Cyl. ---------405

.................. AG 7.42 2D str. ind. + Cyl. ---------406

SSM <, -v---- Eq (11.42)  NP-hard «--cccoooveeeoenn. 668

ZOKmin <, Eq (S-11.24) NP-hard ------------ -+ 693,5-511

(decision ver.) --------- 668 | SSE < ++v- - Eq (11.43) NP-complete -+« - vevvnennn. 669
ZOKmin?¥ --Eq (S-11.26) NP-complete -« -« 693,5-511

0-1 knapsack minimization | -----ccoieeenen AG S-4.11  Greedy Aprx. ««------- 202,5-102
................. 202,5-101 | & ---------....Eq (S-6.3) Recursion -------------342,5-217
dynamic -------- AG S-6.5 2D Str. ind. ----ce- 342,S-217

~~~~~~~~~~~~~~~~~ AG S-6.6 2D Memoization ------342,S-217

~~~~~~~~~~~~~~~~ AG S-7.53 2D str. ind. + Cyl. ---430,S-314

---------------- AG S-7.54 2D str. ind. + Cyl. ---430,8-314

SSmin <, ---Eq (S-11.21) NP-hard «--------oo -t 693,5-510

ZOK <, ----Eq (S-11.23) NP-hard -« ------ovne 693,5-511

(decision ver.) ---693,5-510 | SSE <, ----- Eq (S-11.22) NP-complete ---«------ 693,5-510
ZOKY <, --BEq (S-11.25) NP-complete -+« 693,8-511

0-1 knapsack equality | «--cceeiiieeenn AG S-4.20 Greedy Aprx. I -+----- 205,5-112
................. 205,5-111 | <vvvvvvvvevei it AG S-4.21  Greedy Aprx. IT ------205,5-112
B Eq (S-6.2) Recursion «««----oon--- 341,8-215

dynamic -------- AG S-6.3 2D Str. ind. ----oe-es 341,8-215

~~~~~~~~~~~~~~~~~ AG S-6.4 2D Memoization ------341,S-216

SSE <, ----- Eq (S-11.27) NP-hard ---------- - 694,S-511



752

(decision ver.) ---694,5-511
0-1 knapsack equality
minimization - ---206,5-113

(decision ver.) ---694,S-512
0-1 knapsack with two
constraints

(decision ver.) ---694,5-514
0-1 knapsack minimization

with two constraints
353,5-257

(decision ver.) ---694,5-514

Fractional knapsack ---164

Fractional knapsack
minimization - ---203,5-103

Unbounded knapsack
equality ------- - 271,5-141

(decision ver.) ---697,5-522
Unbounded knapsack
equality minimization
204,5-109

(decision ver.) ---697,5-523

ZOKEmin --
SSE <,
ZOKEmin®¥

SSM <,
ZOKmin2 ---
SSE <,
ZOKmin2"

ZOKmin <,
SSmin <,

--AG S-10.23

USSE <, ----
UKEmin <,
PSEmax <,
USSE <, ---
UKEmin" -

.- Eq (S-11.81)

UKE <,
PSEmin <,
USSE <, -+

Eq (S-11.32)
Eq (S-11.28)
Eq (S-11.34)
- AG S-4.22
-AG $-4.23

Eq (S-11.29)

--Eq (S-11.31

)
Eq (S-11.30)
)

‘Eq (S-11.33

S-11.35)

q (

q (S-11.36)

(s 11.42)

Eq (S-11.37)
)

~Eq (S-11.44

“BEq (5-6.13)
- AG $-6.42
--AG $-6.43
Eq (S-11.38)
Eq (S-11.39)
Eq (S-11.41)
Eq (S-11.40)
Eq (S-11.43)

-~ AG $-4.12
-AG $-9.29
- AG $-10.22
-+ Bq (8-5.8)
AG $-5.5

Eq (S-11.79)
Eq (S-11.84
Eq (S-11.92

)
)
-Eq (S-11.80)
-Eq (S-11.86)

--AG S-4.17

-+ AG S-5.3

q (S-11.83)
Eq (S-11.89)
Eq (S-11.82)

Index of Computational Problems

NP-hard
NP-complete
NP-complete
Greedy Aprx. I

Greedy Aprx. II
Recursion
2D Str. ind.
2D Memoization
NP-hard
NP-hard
NP-complete
NP-complete
Recursion
3D Str. ind.
3D Memoization
NP-hard
NP-hard
NP-hard
NP-complete
NP-complete
Recursion
3D Str. ind.
3D Memoization
NP-hard
NP-hard
NP-hard
NP-complete
NP-complete
Greedy Algo
Greedy + maxheap
Reduction
Greedy Algo
Greedy + minheap - --
Reduction

Recursion

Strong ind.
Memoization
Str. ind. + Cir.
NP-hard
NP-hard
NP-hard
NP-complete
NP-complete
Greedy Aprx.
Recursion

Strong ind.
Memoization
Str. ind. + Cir.
NP-hard
NP-hard
NP-hard
NP-complete

694,8-513
694,8-512
694,8-513
206,S-114
206,S-114
342,8-218
342,8-219
342,8-217
694,8-512
694,8-513
694,8-512
694,8-513

694,S-514
694,5-515
353,5-257
353,5-257
353,5-258
694,S-514
694,S-514
694,5-515
694,5-515
694,5-515

203,5-103

-551,5-390

618,5-418
271,8-141
271,8-142
271,8-142
4128,5-306
697,5-522
697,5-523
697,5-525
697,8-522
697,5-523
204,5-109
270,5-139
270,S-139
270,S-139
429,S-308
697,8-522
697,8-523
697,5-524
697,5-523
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UKE? <, --Eq (S-11.85) NP-complete ---------- 697,5-523
Unbounded integer | cceeiiieiii AG 4.9 Greedy Aprx. --c-vvveiieinn 166
knapsack - -coceeeenn 166 & .............. Eq (5.14) Recursion «--«cceveeereennnn 2928
................... AG 5.8 Strong ind. ««eccceceeeeeee-2229
---------------- AG S-5.53 Memoization ----------289,5-204
’g; ............... Eq (6.7) Recursion 2D --++--oeevv- 303
................... AG 69 2D Str. ind. -c-cocrereneae-2304
----------------- AG S-6.9 2D Memoization ------343,5-220
~~~~~~~~~~~~~~~ AG S-7.44  Str. ind. + Cir. ------428,S-305
USSM <, --- Eq (S-11.71) NP-hard -« -+ - -+ 696,5-520
UKPmin <, Eq (S-11.76) NP-hard ----------oo -t 696,5-521
(decision ver.) ---696,5-520 | USSM? <, - Eq (S-11.72) NP-complete -+« 696,5-521
UKPmin®" --Eq (S-11.78)  NP-complete -« -« 696,5-522
Unbounded integer | cceiieeiiienn AG S-4.14 Greedy Aprx. «-------- 203,5-106
minimization - - --203,S-106 ,‘Q‘ ~~~~~~~~~~~~~ Eq (S-5.6) Recursion ------vv-vnne 271,S-140
................. AG S-5.4  Strongind. -----------271,S-140
~~~~~~~~~~~~~~~~ Eq (S-5.7)  Memoization ----------271,S-140
~~~~~~~~~~~~~~~~ AG S-7.46  Str. ind. + Cir. ------429,S-307
USSmin <,--Eq (S-11.73) NP-hard -+ --co--- 696,5-521
UKP <, -+ Bq (S-11.75) NP-hard -« «-ccvnen. 696,5-521
(decision ver.) ---696,8-521 | USSmin® --.Eq (S-11.74) NP-complete «--------- 696,S-521
UKP? <, --Bq (S-11.77) NP-complete -« 696,S-522
Least common multiple | << - - - orrrieeees AG 1.1 Dby def. -- - o rrrrmmmnnoees 1
(LCM) e 4| © <, GCD ----Eq (10.8) Reduction ----«cwovveeevnne- 558
multi LCM .- -. .. 89,5-50 | - Eq (S-2.38) Recursion ««:-ceeeeniinn 89,5-50
---------------- AG S-2.38  Inductive prog. ---------89,S-50
---------------- AG S-3.30 Divide & Conq. --------150,5-83
Leftist heap (see under Heap data structures)
Less between elements | coooeeiiiien Eq (S5-2.35) Recursion ««-cccoeeeeennn 87,5-47
sequence (LBW) -+ 87,847 | ~-vvvveviiienns AG S-2.33  Inductive prog. --------- 87,5-47
~~~~~~~~~~~~~~~~ AG S-3.28 Divide & Cong. --------149,S-81
@ e AG S-7.3  Stack «-coervrenearienn 422.5-276
<, GBW ..... Eq (10.11)  Reduction «-«--vvvvvvneennn. 559
Lexicographical order ---- T8 | «-vevvvviveniin Eq (2.41) Reursion «-«-cocoeeeieaen 79
.................. AG 238 Tail recursion «-«-c-cc-ceeee 79
List operations
Checking «««««ccvvevn-- 69 | e Eq (2.31)  Recursion ««------eoeeeeeennn. 69
................. Eq (2.32) Recursion «««---vveeeeaoni 69
---------------- AG S-2.21 Inductive prog. ---------85,5-39
~~~~~~~~~~~~~~~~ AG S-2.22  Inductive prog. ---------85,5-39
Linked list - Access -+ 70 | «-vovrvveenenn Eq (2.34) Recursion ««---c-cveeenen 70
Tinked list - Delete - - - - - Tl e AG 220 o 71
Linked list - Insert ----- TO | e AG 298 e 70
Linked list - Sort ------- 72 | Insertion sort ----AG 2.30 Inductive prog. -«----c----n-- 72
see also sorted list
Logarithm base b [log, n| 112 | «-vvevvvnennn. Eq (3.17) Divide & Cong. -« +vvn-- 112
------------------ AG 3.21 Tail recursion D.& C. -------125
.................. AG 3.22 Bottom up D.& C. -+++++----125
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Index of Computational Problems

Logic related problems

Convert infix to postfix --- | operator precedence Stack ««cceiiiiii 370
....................... 370 | parsing ---------AG 7.13
DFT infix «-ccoveverv-- 367 | cooe AG 79 TRECUISION -« vcrrrrenvenennns 367
DFT postfix ««cccc---- 366 | coei AC 7.8 TROECUISION -+ vovrrreneannns 366
DET prefix ««ccceeee-- 366 | ceeeii ACG 7.7 RECUISION « v+ vrrrrrereannn 366
Equivalency «---------- 686 | TAU <, -+ Eq (11.71)  co-NP-complete -+« veovnes 686
FAL < +vvv v Eq (11.72)  co-NP-complete -«--«-------- 686
Fvaluate infix «----«---370 | ccvveremneneaen.. AC 712 Reduction ««--c-ceeeerenenn- 370
Evaluate prefix «--«-- - 368 | i AG T 11 SEACK - crververeneanennanenn. 368
Evaluate postfix ----- - 367 | i AG 710 SEACk ««vervrrenmanennanenn. 367
see also under satisfiability
Longest path (Graph)
Longest path cost (WDAG) | & - - oovnnn Eq (S-5.74) Recursion ---------o--- 290,5-207
................. 200,8-207 | <vvvvvveeee o AG S-5.56  Strong ind. - 290,8-207
<p, SPC ------. Eq (10.15)  Reduction «----vvveneennn. 577
Longest path length (DAG) | & ---......... Eq (S-5.73) Recursion «----cvevene 290,5-206
................. 200,8-206 | ccceeeeeeee - AG S-5.55  Strong ind. ccccc------290,5-206
................. AG S-7.8 Queue ---------neeee-424,5-285
Longest sub-sequence problems
alternating down-up <p' LDUSe - LEq (8-10.48) m-Reduction ---------- 622,5-433
(LDUS) «vvne-- 622,9-433 | <, LUDS ---Eq (5-10.47) Reduction -+ 622,8-433
(ending-at ver.) (LDUSe) g Eq (S-10.49) Recursion ««---ooeeee 622,5-434
................. 622,8-434 | ---vvvveeeeooo AG S-10.36  Strong ind. -cc-c------622,8-434
alternating up-down <3t LUDSe --Eq (10.101) m-Reduction --------ooonet 608
(LUDS) «ovnvneeenen 607 | <, LDUS - Fq (S-10.46) Reduction -« 622,5-433
(ending-at ver.) (LUDSe) g . Eq (10.102) Recursion «--«--vvvvveeennnn. 608
....................... 608 | +vvvreeeieeiiaa-AG 10.27  Strong ind. cccccececeeeeee--609
consecutive alternating <y LDUCe --AG S-10.44 m-Reduction ---------- 623,5-439
down-up (LDUC) 623,5-439 | <, LUDC ---Eq (8-10.58) Reduction ------------ 623,5-440
(ending-at ver.) (LDUCe) L2 ... Eq (S-10.57)  Recursion «--«---o- - 623,5-439
................. 623,9-439 | -eeeeeeeeeoos AG S-10.43  Strong ind. -----------623,5-439
consecutive alternating <p' LUDCe --AG S-10.42 m-Reduction -«-------- 623,5-438
up-down (LUDC) 623,5-437 | <, LDUC ---Eq (S-10.59) Reduction ------------ 623,S-440
(ending-at ver.) (LUDCe) L2 ... Eq (S-10.56) Recursion «----------- 623, S-437
................. 623,9-437 | cceeeeeeeeoos AG S-10.41  Strong ind. - ----------623,5-438
consecutive decreasing =~ | cceiieeeeiiienn AG S-3.22 Divide & Conq. «------- 148,S-77
(LDCS) «-vvvvnees 148,8-76 | <J* LDCSe -- AG S-10.40 m-Reduction ---------- 622,5-436
<, LICS ----Eq (5-10.55) Reduction -« 622,5-437
(ending-at ver.) (LDCSe) | «-c-covrvnvns Eq (S-10.53) Recursion ---«----ov-n- 622,S-436
................. 622,9-436 | ---vvveeeeeeoo AG S-10.39  Strong ind. -----------622,9-436
consecutive increasing =~ | e AG S-3.21 Divide & Cong. «---+--- 148,5-75
(LICS) -+-vrvveees 148,S-75 | <" LICSe --- AG S-10.38 m-Reduction ---------- 622,S-435
<, LDCS ---Eq (5-10.54) Reduction ------------ 622,5-437
(ending-at ver.) (LICSe) | «-cevvrveenns Eq (S-10.52) Recursion -« +-ovreeee- 622,5-435
................. 622,8-435 | cceeeeeeeeeoos AG S-10.37  Strong ind. - cee-ee----622,8-435
consecutive palindromic <pPLD ----- Eq (10.106) m-Reduction «-«---cvovneenn 611
(LPCS) «-vvvveieennns 609 | <" PLD ----- AG S-10.45 m-Reduction + Cyl ---624,S-440
Manacher’s algo ««««««««+  ceeereeei see [120]
decreasing (LDS) 621,5-431 | <, LPP -----. AG S-10.34  Reduction ------------ 621,5-431
<p LIS ------ Eq (S-10.42) Reduction «----------- 621,5-432
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<p' LDSe ---Eq (8-10.44) m-Reduction ---------- 621,5-432
(ending-at ver.) (LDSe) g Eq (S-10.45) Recursion ------------- 621,5-432
................. 621,8-432 | ++eeeioooooo AG S-10.35  Strong ind. c----------621,5-432
increasing (LIS) ------- 572 | <, LPP -------- AG 10.18 Reduction «-----vreeenennn 573
<pLISe ------ Eq (10.99) m-Reduction «+«-cvvoviennnn 607
<, LDS -+ -Fq ($-10.43) Reduction -« -+ 621,8-432
(ending-at ver.) (LISe) g oo Eq (10.100) Recursion -« vovevvennnnn 607
....................... 607 | +oovveeeeiiiie s AG 1026 Strong ind. ceeeeeeeeeeeee- 607
palindromic (LPS) ----316 | & -~ vvvvont. Eq (6.15) Recursion -« «««««vvvvvveeene. 316
.................. AG 6.19 2D Str. ind. c--ce-ceeee-ee-317
.................. AG 6.20 Memoization «---------------318
see also consecutive subsequence arithmetic problems
Lucas related problems
Lucas number ---«----- 278 | B i Eq (5.67) Recursion «---ccvvvoeeeeinnns 278
~~~~~~~~~~~~~~~~ AG S-5.17  Strong ind. -----------278,S-162
~~~~~~~~~~~~~~~ Eq (S-5.32) Memoization ----------278,S5-163
~~~~~~~~~~~~~~~ Eq (S-5.35) Divide & Cong. -------278,S-164
~~~~~~~~~~~~~~~ AG S-5.18 Memoiz. + D&C --.-.278,5-165
~~~~~~~~~~~~~~~ AG S-7.17  Str. ind. + Cir. ------425,5-289
~~~~~~~~~~~~~~~~ AG S-7.18 Memoiz. + Cir. ------425,5-289
................ AG S-7.19 D&C + Jmp. ---------425,5-290
<, NPP ....... AG 10.10 Reduction «-----vreeenennn 568
<G FIB ----- Eq (10.80) m-Reduction «+«-cvvviennnn 596
< FIB ... Eq (10.81) m-Reduction «---cvvvnvennnn 596
Binet formula -Eq (10.85) m-Reduction «--«--voovvnnnn 597
<p LUS2 ----Eq (5-10.84) Reduction ------------ 626,5-451
< FIB - Eq (10.117) m-Reduction «------cvovnvees 626
<, FIB ----. Eq (10.118) m-Reduction «----v-cvovnetn 626
<, FIB ---.-. Eq (10.122)  Reduction ««--«covveevees 627
<p MXP ----- Eq (10.124) Reduction «-----vvvevreenn. 627
<p  LSC2 --Eq (S-10.109) m-Reduction ---------- 634,5-485
Lucas sequence ------- 253 ;‘g‘ .............. Eq (5.43) Recursion -« ooveeeeeeeenes 252
.................. AG 5.23  Strong ind. ----ceeeeeeooeee2253
.................. AC 525 Memoization ««-««---«-------253
~~~~~~~~~~~~~~~~ AG $-7.13  Str. ind. + Cir. ------ 424,5-288
~~~~~~~~~~~~~~~~ AG $-7.14  Memoiz. + Cir. ------ 424,5-288
<pr LUS2 ----Eq (10.184) m-Reduction ««---:-venvvnnnn 632
<P LUS2 ----Eq (10.185) m-Reduction ---------oonn--- 632
Binet form. --Eq (10.186) m-Reduction «-«----covnvvts 632
<p MXP -.... Eq (10.188) Reduction «----v-vvnvnennnn. 632
<p MXP ----- Eq (10.190) Reduction ---«--vnveeineinnn 633
Lucas sequence II ----- 253 | B oo Eq (5.44) Recursion «-:-covoveiiiinn 252
.................. AG 5.24  Strong ind. ----ceeeeeeeoeee2253
.................. AG 526 Memoization «---------------253
~~~~~~~~~~~~~~~ AG S-7.15  Str. ind. + Cir. ------424,5-288
~~~~~~~~~~~~~~~~ AG S-7.16 Memoiz. + Cir. ------424,5-289
<prLUS ----- Eq (10.180) m-Reduction -« vvvvvenns 632
< LUS .- Eq (10.181) m-Reduction «------vvvvvvens 632
< LUS .- Eq (10.182) m-Reduction «-------vnvvvnnn 632
< LUS .- Eq (10.183) m-Reduction «---«---vnvvenns 632
Binet form. --Eq (10.187) m-Reduction «--------vvnnon- 632
<p MXP --... Eq (10.189) Reduction «----vevveneinnnn 632
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<p MXP --... Eq (10.191)  Reduction «----vemevnevennn. 633
Lucas Sequence coefficient B Eq (6.21) Recursion -«----vvvevninnnn 323
....................... 393 | cieiiiiiiie c AG 6.25  Memoization - ccoceeeeee-e-2324
.................. AG 626 2D Str. ind. -c-cecrerere-e-2325
.................. AG 627 2D Str. ind. -c-ceceereeeae-2325
@ e AG 7.56  Strong ind. 4+ Cyl --------- 418
@ e AG 7.57 Strongind. 4+ Cyl «+ceeen--- 118
Lucas Sequence II coeffi- B Eq (6.34) Recursion -«----vveevninnnn 352
CIENE « v e vererer e 352 | e AG S-6.39 Memoization ««-------- 352,5-255
~~~~~~~~~~~~~~~~ AG S-6.40 2D Str. ind. ----------352,5-255
~~~~~~~~~~~~~~~~ AG S-6.41 2D Str. ind. ---------- 352,5-256
@ e AG S-7.91 Strong ind. + Cyl ----436,5-343
@ s AG S-7.92 Strong ind. + Cyl ----436,5-343
< LSC .- Eq (10.200) m-Reduction «-«-«-cvnveenen 635
<p LSC --... Eq (10.201) m-Reduction «-«-«-cvnveenen 635
Matrix operations
Matrix multiplication --46 | grade-school ------ AG 2.7 Inductive prog. ------ee-eenen 47
................. Eq (3.19) Divide & Conq. ««-----------117
© Strassen algo Eq (3.27) Divide & Cong. «-------v---- 118
Matrix power ----151,8-85 | grade-school ---AG S-3.34 Inductive prog. -------- 151,5-87
................ AG $-3.33 Divide & Conq. «-------151,8-86

McNugget number (see Unbounded subset sum equality)

Mersenne number ------- 282 [ B ... Eq (5.86) Recursion «--cocoviiiin 282
~~~~~~~~~~~~~~~~ AG S-5.31 Strong ind. -----------282,S-180
~~~~~~~~~~~~~~~ Eq (S-5.53) Memoization ----------282,S-181
................. Eq (5.87)  Recursion «----««---wvoee0..282
---------------- AG S-5.32  Inductive prog. -------282,S-181
--------------- Eq (S-5.56) Divide & Cong. -------282,S-182
~~~~~~~~~~~~~~~~ AG S-5.33  Memoiz. + D&C --.-.282,S-182
---------------- AG S-7.32  Str. ind. + Cir. ------426,5-297
---------------- AG S-7.33 Memoiz. + Cir. ------426,5-297
~~~~~~~~~~~~~~~~ AG S-7.34 D&C + Jmp. ---------426,8-297
<, MSL ----- Eq (10.165) Reduction -------vvvevennnn 631
<p' MSL ----- Eq (10.166) m-Reduction «-«««vvevvneenn 631
<p POW -...Eq (10.167) Reduction ----«-cevvvvenenes 631
<p MXP ----- Eq (10.170)  Reduction -« vvvveereeens 631
<p JON -.... Eq (10.172)  Reduction -« vovvvereeens 631
<, JCL -----t Eq (10.173)  Reduction ««:«ecvveveveeee. 631
<p JCN ... Eq (10.172) Reduction «-----vvvvereenn. 632
<, JCL ------ Eq (10.173)  Reduction -------vovevennts 632
<, LUS ----. Eq (S-10.92) Reduction ---c-vevnee 631,S-470

Mersenne-Lucas number B Eq (5.90) Recursion -«----vveeiennn 283

......................... 283 | cvvveveiiiii-AG $-5.34  Strongind. -----------283,5-183
~~~~~~~~~~~~~~~ Eq (S-5.57) Memoization ----------283,5-184
................. Eq (5.91)  Recursion «----------o------283
---------------- AG S-5.35 Inductive prog. -------283,S-184
--------------- Eq (S5-5.60) Divide & Cong. -------283,S-185
~~~~~~~~~~~~~~~~ AG S-5.36 Memoiz. + D&C --.-.283,5-186
~~~~~~~~~~~~~~~~ AG S-7.35 Str. ind. + Cir. ------427,S-298
~~~~~~~~~~~~~~~~ AG S-7.36  Memoiz. + Cir. ------427,S-299
~~~~~~~~~~~~~~~~ AG S-737 D&C + Jmp. ---------427,5-299
<p MSN ..... Eq (10.162) Reduction «----vovvnvnennnn 631




<p' MSN --.-Eq (10.163) m-Reduction -« ovontoe 631
<p' MSN --.-Eq (10.164) m-Reduction ---------oovet 631
<p POW ....Eq (10.168) Reduction ««:«-«ceoveveeee. 631
<p' MSN --.-Eq (10.169) m-Reduction ---------oone - 631
<p MXP ... Eq (10.171)  Reduction ««««--evveeenns 631
<p JCN ... Eq (10.174) Reduction «-----vvvvvreennn 631
<, JCL ------ Eq (10.175) Reduction -------vvvevennnn 631
<, JCN --... Eq (10.174) Reduction -------vvveveennns 632
<p JCL ------ Eq (10.175)  Reduction «-------wwmovvee-- 632
<p LUS ---.. Eq (S-10.93) Reduction --------e-- 631,5-470
Minimum length code
binary (r=2) -------- 194 | huffman code ----AG 4.23  Greedy Algo. -+ -covvvvnens 195
<p sort c-ecoees AG 7.29 Reduction + Queue --------- 392
<psort oo AG 7.30 Reduction + Queue --------- 394
huffman code ----AG 9.18 Greedy + minheap «--------- 522
huffman code ----AG 9.18 minheap + Queue --«------- 522
Pe@TY “ccreee e 194 | huffman code ----AG 4.24 Greedy Aprx. «---vcevvvveens 197
Minimum number of internal | -----oiaannn Eq (4.11) Recursion -----c-ovevenientn 196
nodes in a k-ary tree ----196 | oo Tm 4.16 Closed form -«-----vovvveenn. 196
Minimum number of | ceeeeiieein AG 4.12  Greedy Algo. ----covvveennn 172
PrOCESSOTS =« v v v nvvvennne 171 | cveeeeeeeeenn AG S-9.31 Greedy + minheap ----551,5-392
~~~~~~~~~~~~~~~~ AG S-9.32 Greedy + maxheap ---551,5-393
Modulon % d ----------- T6 | ceeeeiiiion. Eq (2.39) ReCursion «-------cccw-oooooo 76
.................. AC 235 Tail reCursion «-«-c-cocoeeeee- 77
.................. AG 3.13 Divide & Cong. +«-----------108
Modulo a™ % d --------- 109 | <, POW ---.... Eq (3.15) Reduction ---c--vveeiiinnn 109
.................. AG 3.14 Divide & Cong. ++-+++++-++--110
<p DIV «--o..n. Eq (10.3) Recursion «-«-«-crvoveenens 557
Multiprocessor scheduling | ---cooveieennn AG 4.13  Greedy Aprx. «-ccovveeeeen 174
Problem - ceeeeeeeeeins 173 | v AG 4.14  Greedy Aprx. ««----eeeeeeee 174
----------------- AG S-49 Greedy Aprx. «--------202,5-100
MPSdY <p ----BEq(11.44) NP-hard ------oooooonnns 671
(decision ver.) -«ceveennn 671 | BPPY <, ----Eq (11.46) NP-complete «««««-wwvveeee- 671
Multiset coefficient ------ 350 [ B oo Eq (6.31) Recursion ------voviiiiiinn 350
---------------- AG S-6.35 2D Memoization ------350,5-250
~~~~~~~~~~~~~~~~ AG $-6.36 2D Str. ind. ----------350,8-251
~~~~~~~~~~~~~~~~ AG S-7.65 Strong ind. + Cyl ----432,5-323
~~~~~~~~~~~~~~~~ AG S-7.66 Strong ind. + Cyl ----432,5-324
<, BNC ... Eq (10.29) Reduction «-«--veveeneinnn 585
<y FAC ----.. Eq (10.30) m-Reduction «+--covvveennnn 585
<, NPP ..... AG S-10.48 Reduction «--------- 624,8-444
n digit long integer arithmetic problems
addition - --ceeieeenn 42 | grade-school ------ AG 2.3 Inductive prog. «--------cc-e- 43
.................. AG 3.19 Divide & Cong. «--+---------121
n x 1 digit multiplication grade-school ------ AG 2.4 Inductive prog. «-----coeeinn 44
......................... 44 | i AG 3.20  Divide & Cong. ceceeeeeeee--122
................. Eq (3.28) Reduction ««-«-ceoovvveee. 124
m x n digit multiplication grade-school - ----- AG 2.5 Inductive prog. «----cccoeens 45
......................... 44 | +++vviiiei AG 3.16  Divide & Cong. - -ceeeeee--116
© Karatsuba --- AG 3.17 Divide & Cong. «-«+---vv-v-- 117
NFA Acceptance -------- 363 | % backtrack ----- AG 7.6 Recursion «-:-:-voeiiiiaien 364
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Index of Computational Problems

Number of ascents

Number of ascents (List) | «ovoveeeeeeeeens Eq (2.28) Recursion ««-«-cocreieiiaen 54
......................... 54 | -+eeeiiiiieeeeo oo AG 214 Inductive prog. - ccccceeeeeee- 54
................... AG 3.2 Divide & Cong. ----++++--+--94
<, NDS ------- AG S-10.8 Reduction ------------ 617,5-412
<, NDS ----Eq (5-10.20) Reduction ------------ 617,5-413
<p NDS ----Eq (S-10.21) Reduction -+« 617,5-413
Number of permutations < EUN -..... AG S-7.79 m-Reduction + Cyl ---434,S-333
with at least k ascents <p' NAam ----Eq (10.71) m-Reduction ---------------- 594
----------------- 434,5-333 | < EUN -.... Eq (10.69) m-Reduction ------------....594
<p NAam ----- Eq (10.74) Reduction «----vvveneinnn. 594
<p NAam ----- Eq (10.76) Reduction ---«--vvveineinnn 595
Number of permutations <, EUN ...... AG S-7.77 m-Reduction 4+ Cyl ---434,S-332
with at most k ascents <" EUN -..... AG S-7.78 m-Reduction 4+ Cyl ---434,S-332
................. 434,8-332 | < EUN -----Eq (10.68) m-Reduction ----------------594
<y NAal ----. Eq (10.70)  m-Reduction -------ovvvvvnnn 594
<p NAal -----. Eq (10.73)  Reduction «----vvvoeneinnn 594
<p NAal ------ Eq (10.75) Reduction «----c-evovneinnnn 595
Number of permutations B Eq (6.29) Recursion -«----vveeeninnnn 348
with exactly k ascents | «--oeeeiiieeenn AG S-6.29 2D Memoization ------ 348,S-244
(Eulerian number) «---348 | oeeiiiiiiinn AG S-6.30 2D Memoization ------ 348,5-245
................ AG $-6.31 2D Str. ind. ----------348,5-246
@ e AG S-7.76  Strong ind. + Cyl ----435,5-331
Number of GBW sequences | <;* EUS ---.-. AG S-7.75 m-Reduction + Cyl ---435,5-337
with at least k ascents < EUS -l Eq (10.53) m-Reduction -«-«-v-vovnvnene 592
................. 435,8-337 | < NA2am ---Eq (10.55) m-Reduction -« .. 593
<, NA2am --- Eq (10.58) Reduction --------cvovevnens 593
Number of GBW sequences | < EUS --.... AG S-7.81 m-Reduction 4+ Cyl ---435,S-336
with at most k ascents < EUS ...... AG S-7.82 m-Reduction + Cyl ------ 435,77
----------------- 435,8-335 | <p' EUS ------Eq (10.52) m-Reduction -----------.....594
<p' NA2al ----Eq (10.54) m-Reduction ---------one - 593
<p NA2al ----- Eq (10.57) Reduction «----vvvoenennnn 593
Number of GBW sequences | & -+« vvoonnnn Eq (6.30) Recursion «-----vovviinnn 349
with exactly k ascents | «--oeeiiiieeenn AG S-6.32 2D Memoization ------ 349,5-248
(Eulerian numbers of the | «--ovvovvinnts AG S-6.33 2D Memoization ------ 349,5-248
second kind) «--c-eeen 349 | e AG S-6.34 2D Str. ind. ---coeees 349,S-249
@ e AG S-7.80 Strong ind. 4+ Cyl ----435,5-334
Number of descents (List) | ---vcveveveens Eq (S-2.32) Recursion ------cvoveennn 86,5-44
...................... 86,5-44 | <o AG S-2.31  Inductive prog. --------- 86,5-44
................. AG $-3.7 Divide & Cong. --------144,5-61
<p NAS ... AG S-10.9 Reduction ---+- vve--- 617,5-412
<p NAS -..-Eq (8-10.19) Reduction ------------ 617,5-413
<p NAS ... Eq (58-10.22) Reduction ------------ 617,5-413
Number of paths (Graph)
exactly k length ------- 602 | <, MXP ------ Eq (10.96) Reduction «----vvvenennnnn 603
on DAGS ~vvvevvveenns 258 | B .o Eq (5.50) Recursion «---ccvvieeieinnnn 258
.................. AG 5.28 Strong ind. «--cceccceeeeee-- 258
<P MXM ... Eq (10.97) m-Reduction ------ovvovvnnn 604
Order statistics
Find max --------- 84,S-37 | et Eq (S-2.27)  Recursion ------cvcveennn 84,5-37
~~~~~~~~~~~~~~~~ AG S-2.18 Inductive prog. ---------84,S-37
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................. AG S-3.1 Divide & Conq. --------143,8-55
<p KLG - Eq (10.4)  Reduction ----«--veeennonn 557
<p KSM ----- Eq (S-10.2) Reduction «----c--on-- 616,5-408
Find median -+-------- 616 | <psort ------- AG S-10.1 Divide & Cong. ««+---- 616,S-408
< KLG - Eq (S-10.4) Reduction «-----v-vn-- 616,5-408
<3P KSM ---- Eq (S-10.3) Reduction ------vv-o- 616,5-408
quick-MDN --- AG S-12.1 Las Vegag --++-----+--- 725,5-541
Find min «-ccovoeveveee- 57 | e Lm 2.5  RECUTSION « v« vrrvereneenennn 57
.................. AG 2.18  Inductive prog. -------------- 57
................... AG 3.1 Divide & Cong. --+---++++++--02
<, KLG - Eq (10.5) Reduction ««-«eceeevvveenn. 557
<p KSM ----- Eq (S-10.1) Reduction -«-«-c-v--- 616,5-408
kth largest -« «---ccceee- 5 | v Lm 2.6 RECUISION -« v cverrrreneanns 58
.................. AG 2.19  Inductive prog. --------------59
Bubble select --AG S-2.34 - --oiiiiii 88,5-48
................... AG 4.1 Greedy Algo. «+++-----------153
heapselect, -------- AG 9.8 Greedy + maxHeap «-------- 511
heapselect -------- AG 9.9 Ind. prog. + minHeap ------ 513
heapselect «------ AG 9.10 Ind. prog. + minHeap ------ 513
LH-select ------ AG S-9.41 Greedy + LHmax ----- 554,5-405
LH-select II --- AG S-9.42 Ind. prog. + LHmin --554,S-405
AVlselect ----- AG S-9.43 Greedy + AVL tree ---554,S-406
AVLselectll --- AG S-9.44 Ind. prog. + AVL tree 554,5-406
AVTselectITl -- AG S-9.45 DFT + AVL tree ----- 554,5-407
<p KSM ------. Eq (10.7)  Reduction -« veennon- 557
<p SOTE +ovvvenn AG 10.1  Reduction «««-coveeeevenenns 559
kth smallest «------ 85,8-38 | it Eq (S-2.28) Recursion ««-cccceeeeennn 85,5-38
................ AG $-2.19  Inductive prog. --------- 85,5-38
Bubble select --AG S-2.35  cc-ciiiiiiiiii 88,5-48
Radix select - ---- AG 3.26 Divide & Cong. -+ v----- 130
--------- similar AG S-4.3  Greedy Algo. -----------199,153
heapselect ------ AG S-9.6 Greedy + minHeap ---548,S-376
heapselect ------ AG S-9.7 Ind. prog. + maxHeap 548,S-376
AVLselect ------- AG 9.35 Greedy + AVL tree --------- 542
AVLselectIl ----- AG 9.36 Ind. prog. + AVL tree ------ 543
AVLselectIIl ---- AG 9.37 DFT + AVL tree ----------- 544
<, KLG ------- Eq (10.6) Reduction «-«-«-vnvrvnenennn 557
<psort c-ee-- Eq (10.12) Reduction «-+--vvvvevneinnn. 559
Quickselect ------ AG 124 Radomized Algo. (LV) ------ 707
Top m percent -« -« -« 715 | <p sort ---o---- Eq (12.4)  Reduction -------ovveennnen 715
(Relatively small) <p MIN --...... Eq (12.5) Reduction ---«-ovrveeiiinnn 715
----------------- Eq (12.6) Monte Carlo Approx. -«-----715
Palindrome
Checking ««««cccevevee-- 67 | «oveii Lm 2.10  RECUTSION «« - v rerveveneenenns 68
.................. AG 2.27 Inductive prog. -------------- 68
................... AG 3.8 Divide & Cong. ««---++------102
Longest consecutive | ceeeeeiiieinn Eq (10.105) Recursion «-«-«-vrveveeeeenns 610
sub-sequence - 610 | «ovrvveeiennn AG 10.28 2D str. ind. + Cyl. --------- 610
see under Longest subsequence problems for other palindromic related problems.
Parenthesis balance
Checking -+« vvrvnn- 358 | & oot Eq (7.1) Recursion ««««cvoeveeiaiens 359
© e AG 75 SEACK «cvvrverennanenaennns 359
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Checking hierarchical - 421 | © ----ovvvvhvnn AG S-7.1  Stack «---vreieieiien 421,5-274
Number of BPs -+ 288 | (see Catalan number)

Partitioning (List)

Bit partitioning -« - - 127 | Outside-in - ---- - AG 324 oo 128
Progressive -« -« - AG 3.25 o 129
Random -----ceviienn 702 | Outside-in ------- AG 12,1 Las Vegas -« ccovevenvnnn. 702
Progressive ------ AG 122 Las Vegas -« ccovverereneennn 704
Pell number «««--vvcenn- 279 | B oo Eq (5.71) Recursion «--«ccereeereennnn 279
---------------- AG S-5.20 Strong ind. -----------279,S-167
--------------- Eq (S5-5.37) Memoization ----------279,S-168
--------------- Eq (S-5.40) Divide & Cong. -------279,S-169
~~~~~~~~~~~~~~~~ AG S-5.21 Memoiz. + D&C -----279,S-169
~~~~~~~~~~~~~~~~ AG S-7.20 Str. ind. + Cir. ------425,S-291
~~~~~~~~~~~~~~~~ AG S-7.21  Memoiz. + Cir. ------425,5-291
................ AG S$-7.22 D&C + Jmp. ---------425,8-291
<, NPP -..-... AG 10.11  Reduction ««--ceeceveveeen-n 569
<z PLL ----. Eq (10.131) m-Reduction «-«----vvovnenns 628
<z PLL ----. Eq (10.132) m-Reduction «------cvovniinn 628
< PLL ----- q (10.133) m-Reduction «------vvvnennn 628
< POW q (10.135) m-Reduction «-----voveveetnn 628
<, PLL ------ Eq (10.137)  Reduction «-«-«-vrvnvnenennn 628
<p MXP ----. Eq (10.139) Reduction -----v-vevevenens 628
<p, LUS ----. Eq (S-10.86) Reduction -«----v----- 628,5-456
Pell-Lucas number ------ 280 | B oo Eq (5.74) Recursion --------cooieinn 280
~~~~~~~~~~~~~~~~ AG S-5.22 Strong ind. -----------280,S-170
............... Eq (S-5.41)  Memoization ------- - --280,8-170
--------------- Eq (S-5.44) Divide & Cong. -------280,S-171
~~~~~~~~~~~~~~~~ AG S-5.23 Memoiz. + D&C -----280,S-171
---------------- AG S-7.23  Str. ind. + Cir. ----.-425,S-292
~~~~~~~~~~~~~~~~ AG S-7.24 Memoiz. + Cir. ------425,S-292
~~~~~~~~~~~~~~~~ AG S-7.25 D&C + Jmp. ---------425,S-293
<, NPP ....... AG 10.12 Reduction «-----ervrenenennn 569
<p' PLN --... Eq (10.127)  m-Reduction ------eovvnvvnnn 628
<P PLN - Eq (10.128) m-Reduction -------vvnevnnn 628
<p'PLN ... Eq (10.129) m-Reduction «-«----cvovnvens 628
<p PLN .-... q (10.130) m-Reduction «-----cvvveennn 628
<3 POW -...Eq (10.134) m-Reduction «----cvovvvnnnn 628
<p'PLN --.-. q (10.136) m-Reduction -« vovevetnn 628
<, PLN -.... q (10.138) Reduction -----v-veverennnn 628
<p MXP ... Eq (10.140) Reduction -----v-veveeennns 628
<, LUS2 --.-Eq (S-10.87) Reduction ------------ 628,5-456

Perfect k-ary tree related problems
Height -« cvveeeerreeeees 13 | e Co 1.1 Closed fOrm «««vvcvvevneenenen 13
Number of nodes ------- 12 | geometric series -- Tm 1.7 Closed form ---«--ccovnvvenn 12
................ Eq (S-2.9) Recursion «--------------82,8-29
ZLO at o AQ S-2.7 Inductive prog. --:------ 82,5-29
................. Eq (3.30) Divide & Conq. «««---+------137
Sum of depths <<« 13 | cere Tm 1.8 CloSed [Orm «««-cvvevnereernnn 13
............... Eq (S-2.10) Recursion ««---««--------82,5-30
;‘:0 iat .- AG S-2.8 Inductive prog. --------- 82,5-30
................. Eq (3.32) Divide & Conq. «------------138
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Permutation (see also Factorial)

k-Permutaiton of n, | ceeeeeeiiiiiinn Eq (2.23)  Recursion ««-«-cocreieiiieen 50
P(n,k), PP eeeeenne 5O | e AG 2.10 Inductive prog. -------------- 50
................. Eq (2.24) Recursion «««-----wveeeeeeni 50
.................. AG 2.11 Inductive prog. --«---«-------50
~~~~~~~~~~~~~~~~ AG S-3.31 Divide & Conqg. --------150,5-84
<, BNC ... Eq (10.21) Reduction «-+--vvvveeneinnnn 584
<, RFP ...... Eq (10.23)  Reduction «-+--vnvveeneinnn. 584
< FAC ----.. Eq (10.22) m-Reduction -------vvvenne 584
Power a” (see under Product)
Prefix arithematic problems
2-dimensional prefix ------ L. Eq (S-6.1) Recursion «-----vvnvns 340,5-212
product --------- 340,S-211 | ~vveeeiiiienn AG S-6.1 2D Str. ind. ---eeees 340,S-212
2-dimensional prefix sum - | & oo Eq (6.1) Recursion «--covoveeiien 294
....................... 204 | ceeeiiiii e AG 6.1 2D Str. ind. ccceeeieieeeaea2205
Maximum prefix product - | <" PFP --.-Eq (S-10.33) m-Reduction ---------- 621,5-428
~~~~~~~~~~~~~~~~~ 621,5-428 | <, minPFP -Eq (S-10.35) Reduction «-----------621,5-429
<p MPFS ---Eq (S-10.37) Reduction -«:---c----. 621,S-429
Maximum prefix sum ----- < PFS ... AG 10.25 m-Reduction ««--«v-evvneenan 606
~~~~~~~~~~~~~~~~~~~~~~ 605 | <, minPFS -Eq (5-10.32) Reduction ------------620,5-427
<, MPFP - Eq (S-10.38) Reduction -« 621,8-430
Minimum prefix product -- | <' PFP -...Eq (S-10.34) m-Reduction ---------- 621,S-428
----------------- 621,8-428 | <, MPFP --BEq (S-10.36) Reduction ------------ 621,9-429
<, minPFS -Eq (S-10.39) Reduction ------------ 621,5-430
Minimum prefix sum ----- <p MPFS ----AG S-10.33 Reduction ------------ 620,S-427
~~~~~~~~~~~~~~~~~ 620,5-426 | < PFS -.-.- AG S-10.32 m-Reduction --------.-620,5-427
<, minPFP -Eq (S-10.40) Reduction -« 621,8-430
Prefix product ----83,5-34 | «--coiiiiiinnn Eq (5-2.23)  Recursion ««-cccceeeeenn 83,5-34
---------------- AG S-2.12  Inductive prog. ---------83,5-34
................. AG S-3.5 Divide & Conq. --------144,8-59
Prefix SUm -«-coeovevee- 5O | e Lim 2.2  RECUTSION - vcveverenenenenns 53
.................. AG 2.13  Inductive prog. --------------53
~~~~~~~~~~~~~~~~~ AG S-3.4 Divide & Cong. --------143,S-58
Prime number problems
Number of prime factors -+ | & --..cooooonnt. Eq (5.5) Recursion «---covviiiinn 217
....................... 216 | e v AG 5.1 Str. Ind. Prog. -------o---- 217
Primality testing --30,8-15 | -+--oooooivvnnnnnn AG 119 by def. «vvvvvveeeeeeeeeiaaa.. 30
<p, NPF ...... Eq (10.2) Reduction «--««cceevvvveen- 557
Fermat test ----- AG 129 Monte Carlo ------vovvvenn v
Product
LI f(@) oo I/ Eq (S-2.24) Recursion ««««-----ooon-- 84,8-35
mrre -« AG S-2.13  Inductive prog. --------- 84,5-35
Double factorial even # | «-oeeieieeinn Eq (S-2.25) Recursion ------ovoveens 84,5-36
@n)! e 84 120 e AG S-2.14  Inductive prog. --------- 84,5-36
~~~~~~~~~~~~~~~~ AG S-2.15 Tail recursion -----------84,5-36
<p, FAC ..... Eq (10.109)  Reduction «-«--cevvneeennn. 624
<p DFO --.-Eq (S-10.61) Reduction ------------ 624,S-445
Double factorial odd # | ~-oeeiiiiiins Eq (5-2.26) Recursion ««-cccoeeeeennn 84,5-36
2n =) oo 84 | [T (2¢ —1) --AG S-2.16 Inductive prog. --------- 84,S-37
................ AG S-2.17  Tail recursion «««--------84,5-37
<GP FAC - Eq (10.110) m-Reduction -«-----vvvvvvnns 624
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<, DFE Eq (S-10.60) Reduction ««-c-vvnvnee 624,S-445
<p KPN ....Eq (5-10.62) Reduction ------------ 624,S-446
<, RFP Eq (S-10.63) Reduction ------------ 624,S-446
Factorial n! «-c-covvvne- 49 | oo Eq (2.22) Recursion ««----«-ooeeeeennn. 49
| PR R R R AG 2.9  Inductive prog. «««ccceeeeen-- 49
................. Eq (2.36)  Tail recursion -« -ooo-. 74
POWEL @™ « v overevenenns AR | e Eq (2.21)  Recursion «««--«-«coooveeannn 48
| J PR R AG 2.8 Inductive prog. ----ecvoeeens 48
.................. AG 3.12  Divide & Cong. ++--++++-++--107
Queue data structure
Dequeue «««««c roenn- BRA | e AG 723 Tinked list «-covovrveervennn- 385
.................. AG 724 Cir. Array --- - ooeeee0-- 386
Enquene «-«cccceeeees 384 | e AG 7.22  Linked Ligt «vcvevevevenennn. 385
.................. AG 7.24 Cir. Array ««ccccvoooon----- 386
Random permutation Knuth shuffle --- AG 2.26 Inductive prog. -« ---------- 66
(Shuffling) - «----vvevvee- 66 | <psort --ooeo-- AG 10.6 Reduction «-«-cocreeereaennn 563
Random riffle --- AG 12.6 Randomized -« -« - oot 709
Riffle
Perfect riffle ---------- 709 | faro shuffle ------ AG 12.5 Definition «-----vcrveeienn 709
Rising factorial power | coeoeieiiiinn Eq (5-2.39) Recursion ««-cccceeeeennn 89,5-51
nF o 89,851 | «ovverieiaiannn AG $-2.39  Inductive prog. --------- 89,5-51
~~~~~~~~~~~~~~~~ AG S-3.32 Divide & Cong. --------150,5-85
<, BNC .-.... Eq (10.25)  Reduction «-+--vnvvivneinnn 585
<, KPN -..... Eq (10.24)  Reduction «-----woeovmeennn 585
< FAC --.... Eq (10.26) m-Reduction «---«--vvvennnn 585
Rod cutting
Maximization ---«----- 167 | - AG S-4.18 Greedy Aprx. --------- 205,S-110
B Eq (5.13) Recursion -« eeeeeeveeeenns 227
................... AG 5.7 Strongind. «ccceeeeeeeeeaea-227
~~~~~~~~~~~~~~~ Eq (S-5.19) Memoization ----------274,S-149
~~~~~~~~~~~~~~~~ AG S-741  Str. ind. + Cir. ------427,S-302
Minimization ---205,S-110 | «--cccevvveennn AG S-4.19 Greedy Aprx. «-------- 205,5-111
B Eq (S-5.17)  Recursion ------v--v-ne 274,S-149
................. AG $-5.9  Strong ind. -----------274,8-149
~~~~~~~~~~~~~~~ Eq (S-5.18) Memoization ----------274,S-149
~~~~~~~~~~~~~~~~ AG S8-7.42  Str. ind. + Cir. ------427,S-303
Root Finding -« -+ 106 | -vovveereeeiens Eq (S-3.1) Recursion «-:---veeeeens 149,S-80
---------------- AG S-3.24  Inductive prog. --------149,5-80
bisection -------- AG 3.11 Divide & Conq. «----v-vvn-- 106
bisection ------ AG S-3.25  Tail recursion D.& C. --149,5-80
Round robin tournament | -ooeeiieiiieiien Divide & Cong. «--+-vvvvve- 140
Satisfiability problems
Circuit (CCS) --------- 646 | SAT <p «---vn--- Tm 11.4 NP-complete -----vvvvvveennn 647
Circuit - 3 basic gate only CCS <p -vv Tm S-11.1  NP-complete ---------- 692,S-505
(C3S) «vvvveeieiiinns 692 | NOGS <, -+ Tm S-11.5 NP-complete -«-«-«---- 692,S-506
NAGS < -+ Tm S-11.6  NP-complete --------- 692,5-507
Circuit - NAND gate only C38 <p vvveees Tm 11.10 NP-complete -+« vvnvennnn 659
(NAGS) --vvveeeens 659 | NOGS < ----- Tm S-11.4  NP-complete ---------- 692,S-506
Circuit - NOR gate only C3S <p +ovveee Tm S-11.2 NP-complete -« 692,S-505
(NOGS) +eevreeevneenn 692 | NAGS <pp -+ - Tm S-11.3  NP-complete ---------- 692,5-506
CNF (SCN) -v-vvvvvnes 656 | SC3 <p +vvvvvees Tm 11.7 NP-complete -+« -vonvvnentn 656




ONF-3 (SC=3) - ven- - 654 | SAT <p «--vvvv-- Tm 11.6  NP-complete «««««cvevnrnnnn- 654
SCN <p -vvvvnnn Tm 11.8  NP-complete «««««ceevvrnnnn- 657
DNF (SDN) ----vonnee GRS | e AGQ 11.6  RECUTSION « v cvevrvevenenennn 688
Proposition (SAT) ----641 | Cook-Levin ----- Tm 11.2 NP-complete -----vevvvvvennn 644
CCS <pp vvvvvrnne AG 11.5 NP-complete ««««cceeeeeeene- 652
SCN <p «-v-ee Eq (11.16) NP-complete ------cvvvnvneen 657
SC3 <p vvvvie Eq (11.17) NP-complete «-----cvnvnenen 657
Search
Unsorted list ---««c--v - 56 | Sequential search AG 2.17 Inductive prog. ««----c---v-t- 56
(all occurrences) | ceeeeeeiieeiiiinn Lm 2.4 RECUISION ««cvcveverenenenenes 56
~~~~~~~~~~~~~~~~~ AG S-3.2 Divide & Conq. --------143,5-56
Unsorted list (distinct) -20 | Sequential search AG 1.10 Inductive prog. «------------- 20
--------------- Eq (S-2.33)  Recursion «---+-------- - 87,S-45
................... AG 3.7 Divide & Congq. «++----------101
also see under respective data structures such as sorted list, BST, etc.
Set Cover
Set Cover ------- 207,S5-117 | -vveenvveennnnn AG S-4.25 Greedy Aprx. ««------- 207,S-117
VOPY <, ----Eq (11.63) NP-hard «««vvvvvvereeeennn. 680
SOV <, -+ Bq (11.64) NP-hard -------oooooeeennns 680
(decision ver.) -« .- 679 | VCPY <, .- AG 11.5 NP-complete «----vvvvenenen 680
weighted Set Cover ««----+ | «ovveeniiannn AG S-4.26 Greedy Aprx. «-------- 208,5-119
................. 208,8-118 | <-vvvvvvveee it AG S-4.27  Greedy Aprx. «--------208,5-119
SCV <, ----Eq (S-11.94) NP-hard ----------ovve 697,5-526
wSCVY <, -BEq (S-11.95) NP-hard -+ --cvoeenee 697,S-526
(decision ver.) ---697,8-525 | SCVY <, .- Kq (S-11.93) NP-complete ---------- 697,5-526
Set Partition «-----.-- .- 664 | SSE <, -+ Eq (11.24) NP-complete -+« -vovvneenn. 664
Set partition numbers
Bell number ---------- 411 | <V SNS e AG 747 m-Reduction + Cyl --------- 412
<pPSNS el AG 7.48 m-Reduction + Cyl ------- .- 413
<pPSNS -aeene AG 7.49 m-Reduction + Cyl -« 413
Bell triangle - - - AG 750 Gyl cvevereemeeaannaaaiiins 414
<p'SNS ... Eq (10.46) m-Reduction «---«--vvvennn 592
<p, SPam ----- Eq (10.47) Reduction ««-«-coveveeiennn 592
<, SPal ... Eq (10.48)  Reduction «--««ceovveeeevee. 592
<p' BNC .- Eq (10.49) m-Reduction -«-----vovnvnnnn 592
Number of at least k <pPSNS e Eq (7.14) m-Reduction -«-----vvnvnne 415
partition ««-ceoeaenen 415 | <FPSNS eenenn AG 7.53 m-Reduction + Cyl «----+--. 416
<p' SPam ----- Eq (10.44) m-Reduction «---«-ovveeennn 591
<p SPam ----- Eq (10.50) Reduction «----vvvenennnnn 592
Number of at most k <pPSNS el Eq (7.13) m-Reduction -«-«--vovnvnene 415
partition -+ 414 | <P SNS e AG 7.51 m-Reduction 4+ Cyl -+ 415
<pPSNS -.eelns AG 7.52 m-Reduction + Cyl --------- 415
<p' SPal ------ Eq (10.45) m-Reduction -«-----vovnvnne 591
<p SPal ------- Eq (10.51) Reduction «-«--cvvvevneinnn. 592
Stirling number of the Lo Eq (6.27) Recursion ----cooviiiiiinn 347
second kind ----- 347,5-239 | oo AG S-6.23 2D Memoization ------ 347,5-239
---------------- AG S-6.24 2D Memoization IT ----347,S-240
~~~~~~~~~~~~~~~~ AG S-6.25 2D Str. ind. ----------347,S-240
@ e AG 7.46  Strong ind. + Cyl ---------- 411
Shortest path (Graph)
Shortest path cost ---- 187 | Dijkstra’s algo --- AG 4.20 Greedy Algo. «-----c-vvvn-- 188
Shortest path cost (DAG) B Eq (5.52) Recursion -----c-oveviiinnn 261
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....................... 261 | e s AG 5.30  Strong ind. ceceeeeeeeeeee-- 261
<p LPC ---.-. Eq (10.16) Reduction -«---v-vvvvennnn 577
Shortest path length -+ 388 | ««vvvvvvvveeeee.. AG 7.27  QUEUE «rrvrrrrrrreeeeeeennns 388
Shortest path length B Eq (5.51) Recursion -«----vvvevnennn. 260
(DAG) ~-vveiieennnn 259 | e AG 5.29  Strong ind. «-cceececceeeeens 260
Skip-b list
[ A85 | e AC 8.26 RECUISION «« v -vvrrerrerennns 485
TNSErtion «-«--c v-vv--- AST | veee AC 827 TRECUISION «« v -vvrrerrerennns A87
Deletion «««-ccoveven-- 490 | oo AC 8.28 TRECUISION «« v -vvrrrrrevennns 490
Sorted list operations
Checking « -« -« 85,8-40 | crreiiiiiiinns Eq (S-2.29)  Recursion ««----ccoovoo-- 85,5-40
~~~~~~~~~~~~~~~~ AG S-2.23  Inductive prog. ---------85,5-40
~~~~~~~~~~~~~~~~ AG S-2.24  Tail recursion -----------85.5-40
................. AG $-3.8 Divide & Congq. --------144,5-62
T 60 | (by swapping) - -+ AG 2.20  veereeiiiiii 61
(by sliding) ------ AG 2,22 e 61
Merge ««vvvrereeeeeeens 06 | v Eq (3.7)  Recursion -« --ceooeeeeeeeen.. 96
................... AG 3.4  Inductive prog. «««-+++------- 96
Search ««vcvovereonnn 0 0 Lm 2.7 RECUTSION « v« vrrrerenvenenn 61
Sequential search AG 2.21  Tail recursion «---------vonvn. 61
binary search ----AG 3.10 Divide & Conq. -+« vovvnvv- 105
Sorting -« cveeieiian 59 | Insertion sort ----- Lm 2.8 Recursion «---coovveveenn. 62
Insertion sort ----AG 2.23  Inductive prog. «-«---:ccon- 63
Bubble sort - - - - - AG 2.31  cer e 73
Merge sort ------- AG 3.5 Divide & Cong. ««---+-vv-nv-- 97
Merge sort -« --- AG 3.23 Bottomup D.& C. ---------- 126
Radix sort ------ AG 3.28 Partition & Conqg. «-----+--- 131
Radix sort ------ AG 3.29 Partition & Conqg. «-----+--- 133
Counting sort -+ AG 3.30 -+ errreemmiii 135
Counting sort - AG 331+ eevmmii 136
Selection sort ----- AG 4.2 Greedy algo. -+ cc-reeiienn 154
heapsort «------- AG 9.11 Greedy + minheap «--------- 514
heapsort «------- AG 9.12 Greedy + maxheap --------- 514
AVI-sort «-vc---- AC 938 DFT 4+ AVL --vvvevneennnn. 544
Leftist heapsort AG S-9.40 Greedy + leftist ------ 554,5-403
<p tMST ------ AG 10.15 Reduction «----veveveiiennn 570
<p SPC --ven AG 10.16 Reduction «---ccoreeeeeenens 571
<, CVH «v-nen AG 10.23 Reduction «-«-« e ceeeeeennn 582
<, LPC ---.-. AG S-10.24 Reduction «----cvneen 619,5-419
<, LPL ------ AG S-10.25 Reduction «----cveeen 619,S-420
<, CPP -.... AG S-10.26  Reduction «----cveve- 619,S-420
<, TPS - AGC S-10.27  Reduction -« 619,S-421
Quicksort - ------ AG 12.3 Radomized algo. (LV) ------ 705
Spanning tree (Graph)
Maximum spanning tree | ccoceeeeiieenn AG S-4.29 Greedy Algo. --------- 208,5-124
................. 208,8-124 | vvvvvvvreee it AG S-4.30  Greedy Algo. ---------208,5-126
<p MST ----Eq (5-10.28) Reduction ------------ 620,5-424
Maximum spanning rooted | & ----........ Eq (S-5.75) Recursion ------voonn 291,S-208
tree (edge weight) | coeeeeeiiiiiin AG S-5.57 Strong Ind. ----------- 291,5-208
~~~~~~~~~~~~~~~~~ 291,5-208 | <, MSrT ---Eq (S-10.30) Reduction -----------. 620,S-424
Maximum spanning rooted | & -----oooooon Eq (S-5.74) Recursion ---------o-nn 290,S-207
tree (path cost) =LPC-dag | -+« - v vvvvvnns AG S-5.56  Strong ind. ----c-c--- 290,S-207




................. 291,5-209 | <, SPC-dag -- Eq (10.15) Reduction ---«-----eeeevvee 577
Minimum spanning tree Prim-Jarnik ----- AG 4.18 Greedy Algo. «--c-vvveiiens 183
....................... 183 | Kruskal --------- AG 4.19 Greedy Algo. --------------- 186
<p MxST ---Eq (8-10.27) Reduction ------------ 620,5-424
Minimum spanning rooted | & .- Eq (5.53) Recursion --------coooieinn 263
tree (edge weight) ----- 263 | e AG 531 Strong Ind. «--cvvveiieinnn 263
<, MxSrT -+ Eq (S-10.29)  Reduction -« - 620,5-424
Minimum spanning rooted | & .- Eq (5.52) Recursion -«----voveeiinnnn 261
tree (path cost) =SPC-dag | -------vvveveinens AG 5.30 Strongind. ---cceieiiieaiens 261
....................... 265 | <, LPC-dag --Eq (10.16) Reduction «----------vveeat 577
Square root [/n] -------- TT e Eq (240) ReCUISION -« ---wweeemomme- 7
.................. AQ 2.36  Tail recursion «««-«-«eeeevevee 77
.................. AG 2.37  Inductive prog. «««--- - oeee- 77
~~~~~~~~~~~~~~~~ AG S-3.26 Divide & Conq. --------149,S-80
~~~~~~~~~~~~~~~~ AG S-3.27  Tail recursion D.& C. --149,S-81
Sqaure triangular related numbers, STN
Square root of STN, v/STN | <, STN -------. Eq (5.97) Reduction ---c-ovvieiiinnn 284
QTNT covveeeevvennnnns 284 ;‘g‘ .............. Eq (5.98) Recursion «--ccvvvieeeeinnnn 284
................ AG $-5.39  Strong ind. «----------284,8-189
~~~~~~~~~~~~~~~ Eq (S-5.63) Memoization ----------284,S-189
~~~~~~~~~~~~~~~ Eq (S-5.66) Divide & Cong. -------284,S-191
~~~~~~~~~~~~~~~~ AG S-5.40 Memoiz. + D&C -----284,5-191
<, PLN ----. Eq (10.192)  Reduction «-------wemovvee-- 633
<p' PLN --... Eq (10.193) m-Reduction «--«-vcvovninnn 633
<z PLN --... q (10.194) m-Reduction -« voveveeenn 633
<y PLL ----. Eq (10.195) m-Reduction «-«-«-cvnveenen 633
<p PLL ----- Eq (10.196) m-Reduction -«-----vvvvvenns 633
< POW Eq (10.197) m-Reduction «------vvvvvvens 633
<p MXP ----. Eq (10.198) Reduction ------ovoveiennnn 633
<p, LUS ----. Eq (S-10.94) Reduction ---«-cenvnee 633,5-478
Sqaure triangular numbers | £ ...l Eq (5.94) Recursion -«----veeiiiinn 284
STN cevevenannenannns 284 | v AG $-5.37  Strongind. ««eeeeo-ee- 284,5-186
~~~~~~~~~~~~~~~ Eq (S-5.61) Memoization ----------284,S-187
~~~~~~~~~~~~~~~ Eq (S-5.62) Divide & Cong. -------284,S-188
~~~~~~~~~~~~~~~~ AG $8-5.38 Memoiz. + D&C -----284,5-188
<p MXP ----. Eq (10.199)  Reduction «-------wemovvee-- 633
<p STNr ----Eq (5-10.95) Reduction ------------ 633,S-480
<p PLN ... (S 10.96) Reduction «----c--en-- 633,5-480
<p' PLN --..Eq (S-10.97) m-Reduction ---------- 633,5-480
<p' PLN --..Iq (8-10.98) m-Reduction ---------- 633,5-480
<" PLL ---- Eq (S-10.99) m-Reduction ---------- 633,5-480
<p' PLL ---Eq (S-10.100) m-Reduction ---------- 633,S-480
<, POW -.Eq (S-10.101) Reduction -----«------ 633,5-481
<, POW .- Eq (S-10.102) Reduction -« -+ 633,5-481
Stack data structure
POD e 356 | e AG 7.2 AITAy «+ovorrnenn 357
................... AC 7.4 TLinked list ««vcvevevevevee.t 357
Push «cvevevevenenennn. 356 | e AG 71 ATTAy «ccvereeeereeeonnnns 357
................... AG 7.3 Linked list «-«-v-v-vev-v-v---357
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Stamp problems

3-5 cent stamp - --- - Q8 | veee AG 5.2 Strong Ind. -« -«cvvvveeeeeenn 219
4-5 cent stamp -+ 269 | e Tm 5.11 Strong Ind. -« -«cvvvveveeeee. 269
Frobenius number ----- 224 | < USSE ------ - Tm 5.4 m-Reduction «-----coovvvenns 224
(decision ver.) «-------- 689 | “USSE -------- Tm 11.22  co-NP-complete -« vvv-- 689
Postage stamp equality =~ | oo AG S-4.6  Greedy Aprx. «--------- 200,5-94
maximization ----200,5-94 | & ... Eq (S-5.11)  Recursion ««««-«tcoc-- 272,S-144
................. AG $-5.6 Strong ind. «----------272,S-144
--------------- Eq (S-5.12) Memoization ----------272,S-145
~~~~~~~~~~~~~~~~ AG S-7.51  Str. ind. + Cir. ------430,8-311
USSE <, ---Eq(S-11.90) NP-hard -------------- 697,5-525
(decision ver.) ---697,5-525 | USSE <, ---Eq (S-11.91) NP-complete ----«----- 697,5-525
Postage stamp equality Cashier’s algo ---- AG 4.5 Greedy Aprx. -« vovvvveens 158
minimization ---------- 158 ;‘g‘ ............... Eq (5.7) Recursion «««««wvveeeens 220
................... AG 5.3 Strongind. «---ceeoeeeee-221
~~~~~~~~~~~~~~~ Eq (S-5.10) Memoization ----------272,S-144
Lo Eq (6.4) 2D recursion ««-ccccceeeeenns 208
................... AG 6.4 2D str. ind. «--vcveveveneae2300
---------------- AG S-6.2 2D Memoization ------341,5-214
.................. AG 736 Str.ind. + Cir. ------------399
.................. AC 7.37 Recursion 4+ Cir. «---------- 399
~~~~~~~~~~~~~~~~ AG S-7.52  Str. ind. + Cyl. ------430,S-313
USSE <, ---Eq (S-11.87) NP-hard -+ vcvnn- 697,5-524
(decision ver.) ---697,5-524 | USSE <, ---Eq (S-11.88) NP-complete ----«----- 697,5-524
Postage stamp maximiza- | ----ooceoeeins Eq (S-4.1) Greedy Algo. ---------- 200,5-96
tion e 200,5-95 | & --ooooiiiis Eq (S-5.13) Recursion ---------o--n 273,5-145
................. AG $-5.7 Strongind. -----------273,5-146
Postage stamp minimiza- | --cccoe i Eq (4.3) Greedy Algo. -----ovvveienn 160
BHOM v v v 160 | B --ooiiiin Eq (5.8) Recursion «««wcvoevveaiens 221
................... AG 5.4  Strong ind. ««-ceeeeeeeeeaa-2221
Ways of stamping ----- 205 | s Eq (6.2) 2D recursion «-c-cocieeienns 297
................... AC 6.2 2D str. ind. -c-cvcreneneea2297
................... AG 6.3 2D Memoization «-----------298
.................. AG 7.43 Str.ind. + Cyl. ««cceeeo---- 408
Stirling number of the first kind (see under Cycle numbers)
Stirling number of the second kind (see under Set partition numbers)
String matching
Edit distance (InDel) - 312 | & --ovvvvvvnnnn. Eq (6.12)  Recursion ------ovveeeenntn 312
.................. AG 6.16 2D str. ind. «--vcvcvevev-v...313
<, LCS oot Tm 6.2 RedUuction ««-«-coeeeerevenns 313
<pSPL ----.. AG S-10.30 Reduction «----cvieen 620,5-425
Exact string matching -2 | «ccoverviiiiiiiiiis see [169]
Levenshtein distance --314 | & -+ - ovvovnnnn Eq (6.14) Recursion -«----voviiieian 314
.................. ACQ 6.17 2D str. ind. <-cvcvevevenee...314
.................. AG 6.18 Memoization -«-«-«---«------316
<, SPC ---.-- AG S-10.31 Reduction «----vvneen 620,5-426
Longest Common Sub- B Eq (6.11) Recursion «---covovovnvnnnnn 311
sequence (LCS) ------- 310 | e AGQ 6.14 2D str. ind. c-eeeveeeeenennn. 311
<, InDel -+ Eq (6.13) Reduction «--««cceevvveenn. 313
<p LPC - AG 1021 Reduction «-«-coveeeveeneennn 576
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Subarray arithmetic problems (see Consecutive subsequence arithmetic)

Subset arithmetic problems
Subset product equality
positive --------- 344,5-228

Subset product maximiza-
tion positive ----345,5-230

(decision ver.) ---693,5-508

Subset product minimiza-
tion positive ---- 345,S-232

(decision ver.) ---693,5-508

Subset sum equality ---305

Subset sum maximization
.................. 201,3-98

(decision ver.) --------- 665

’g; ............ Eq (S-6.10)
dynamic ------ AG S-6.17
................ AG S-6.18
................ AG S-7.61
................ AG S-7.62
SSE <, ------ Eq (S-11.5)
;9; ............ Eq (S-6.11)
dynamic ------ AG S-6.19
................ AG S-6.20
................ AG S-7.63

SPEp <p -+ Eq (S-11.7)
SPminp <, - Eq (S-11.12)
SSM <, ---- Eq (S-11.17)
SPEp <, ----- Eq (S-11.8)
SPminp®” <, Eq (S-11.14)
SPminp®’ <, Eq (S-11.16)

2. Eq (S-6.12)
dynamic ------ AG S-6.21
................ AG S-6.22
................ AG S-7.64
SPEp <, ----- Eq (S-11.9)
SPMp <,, ---Eq (S-11.11)
SSmin <, ---Eq (S-11.19)
SPEp <, --- Eq (S-11.10)
SPMp?¥ <, -Eq (S-11.13)
SPMp? <, -Eq (S-11.15)
................. AG S-4.8
B Eq (6.8)
dynamic ... AG 6.11
................ AG S-6.11
................ AG S-7.55
................ AG S-7.56
SPEp <, ----- Eq (S-11.6)
STP <, «vv-- Eq (11.25)
2. Eq (S-6.5)
dynamic ------ AG S-6.12
................ AG S-6.13
................ AG S-7.57
................ AG S-7.58
SSE < «eeee - Eq (11.27)
SSM®Y <, -+ Eq (11.28)
SSmin <, ----- Eq (11.33)
SSmin <, ----- Eq (11.37)
SPMp <, ---Eq (S-11.18)
................. AG 12.10
................. AG 12.11
SSE <)) +o-en e Eq (11.26)

---Eq (11.35)
- Bq (11.39)

Recursion - et 344,5-228
2D Str. ind. ----eoo--s 344,5-229
Memoization «--------- 343,5-229
2D str. ind. 4 Cyl. ---432,5-320
2D str. ind. + Cyl. ---432,S-321
NP-complete «---««---- 693,S-507
Recursion -t 345,5-230
2D Str. ind. ---eeeeenn 345,5-231
Memoization «--------- 343,5-231
2D str. ind. 4 Cyl. ---432,5-322
NP-hard ««cccoveeeene- 693,S-507
NP-hard -+ --vcvoveees 693,S-509
NP-hard -+ --vceovvees 693,S-509
NP-complete ««-------- 693,5-508
NP-complete -«««----- 693,5-509
NP-complete «--«««---- 693,S-509
Recursion - et 345,5-232
2D Str. ind. ---ccee 345,5-233
Memoization -« 343,5-233
2D str. ind. + Cyl. ---432,S-322
NP-complete ---------- 693,5-508
NP-complete ---------- 693,5-509
NP-complete ---------- 693,5-509
NP-complete -«««------ 693,5-508
NP-complete «--------- 693,S-509
NP-complete ---------- 693,5-509
Greedy Aprx. «---ecn- 202,5-99
RECULSION «« v verrerreaneenn 305
2D Str. ind. «coveeeeeeeannn 306
Memoization ««««««---- 343,5-223
2D str. ind. 4+ Cyl. ---431,8-315
2D str. ind. 4+ Cyl. ---431,5-316
NP-complete -« 693,5-507
NP-complete «««««cevvreeeees 665
Recursion -----coee et 343,5-224
2D Str. ind. --ceee 343,S5-224
Memoization - --------- 343,5-225
2D str. ind. + Cyl. ---431,8-317

2D str. ind. 4 Cyl. ---431,S-317

NP-hard -+« vveeveeann 665
NP-RATd -« vveeeennnnnnnenn 665
NP-hard - -ccvevveevnnnnnn. 666
NP-RATd -« cceeerrrennmeannnn 667
NP-hard --------onnne 693,5-509
Greedy 2-approx. «--------- 719
%-approximate .............. 720
NP-complete ................ 665
NP-complete ................ 667
NP-complete ................ 667
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Subset sum minimization -
.................. 201,5-97

(decision ver.)

Unbounded subset product
equality

Unbounded subset product
maximization ---695S-517

(decision ver.) ---695,5-518

Unbounded subset product
minimization - ---695,S-519

(decision ver.) ---695,5-519

Unbounded subset sum
equality

Unbounded subset sum
204,S-107

maximization ---

(decision ver.) ---695,5-516

SPmil:p <p
SSE <,

SSMYY <, -
SSMY <, -
sSM e <p e

USSM <,
USPmin <,
USPE <,

USPmin®’ --

USSM® <
USPE <,
USSmin <,
USPM <,
USPE <,
USPM¥ <,

USSmin” - ..

USSE <,
USPM <,
USSmin <,
USSE <,

USPM® <, Eq

-BEq (11.41)

S-11.53)

Eq (

( )
a (S-11.56)
q (S-11.68)
q (S-11.58)
q (S-11.70)
q (S-11.59)
(s 11.61)
Eq (S-11.62)
(s 11.67)
q (S-11.64)
(s 11.69)
q (S-11.65)

-+ AG S-7.48

.- Bq (11.23)

- Eq (S-11.54)
- -AG S-4.15
- Bq (S-5.15)
..... AG S-5.8

-5.16)

.- Eq (S-11.45)

q (S-11.57)
q (S-11.50)
q (S-11.46)

(S-11.60)

Index of Computational Problems

NP-complete -« vvvvvnennn 667
Greedy Aprx. ««-------- 201,5-97
Recursion ------ovohe e 344,S-225
9D Str. ind. <coeee 344,8-226
Memoization «--------- 344,5-226
2D str. ind. + Cyl. ---431,S-318
2D str. ind. + Cyl. ---431,5-319
NP-hard «--ccoveerveeneennn. 666
NP-hard ««-ccoveereeennennn. 666
NP-hard ««-ccoveereeaneennn. 666
NP-hard ««-ccoveerveennennn. 667
NP-hard -----vvovenee 693,5-509
NP-complete «««-ceevernnnen 666
NP-complete ----vvvveennn 667
NP-complete «««««cevvreeeees 667
NP-complete «««««cevvreeeees 667
Greedy Aprx. ---««---- 204,S-108
Recursion -----ooee et 289,5-203
Strong ind. ----ccen 289,5-203
Memoization -« 289,5-203
RECULSION «« v crvrerreeneenn 307
2D Str. ind. - 307
NP-complete ««-------- 695,5-517
NP-hard -----ovovenee 695,5-518
NP-hard -----vovovvenee 695,5-518
NP-hard ----vovvvvnees 695,5-520
NP-complete «---««---- 695,5-518
NP-complete ---------- 695,5-520
NP-complete ---------- 695,5-518
NP-hard -+ --vvvovvees 695,S-519
NP-hard -« -vovovvnee 695,5-519
NP-hard -----vvovenee 695,5-520
NP-complete ---------- 695,5-519
NP-complete ««-------- 695,5-520
NP-complete ---------- 695,5-520
RECUISION «« v ccvrerveennennn 223
Strong ind. «ccceeeieiianns 223
9D Str. ind. <coeeee 344,8-227
Str. ind. + Cir. ------ 429,5-309
NP-complete «----covvnvennn. 663
NP-complete ---------- 695,5-517
Greedy aprx. --«------ 204,S-107
Recursion -+« -vene s 274,5-148
Strong ind. ----eeeee 274,S5-148
Memoization «--------- 274,5-148
Str. ind. + Cir. ------ 429,S-310
NP-hard -----vonvenes 695,5-516
NP-hard «««vooveeeees 695,5-518
NP-hard «-ccovveevenns 695,8-517
NP-complete -« 695,5-516
NP-complete ---------- 695,5-518
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USSmin?¥ ---Eq (S-11.52) NP-complete -------- - 695,8-517
Unbounded subset sum | «ccooeeeienn AG S-4.13 Greedy aprx. «-------- 203,5-105
minimization - .- 225 | B oot Eq (5.12) Recursion «--«ccereeeeeennnn 225
................... AG 5.6 Strong ind. ««-ccccceeeeee---226
--------------- Eq (S-5.14) Memoization ----------273,S-147
~~~~~~~~~~~~~~~~ AG S-7.49  Str. ind. 4 Cir. ------429,S-310
USSE <, - Eq (S-11.47) NP-hard --------vvoen- 695,5-516
USSM < Eq (S-11.49) NP-hard «----coveeee 695,S-517
USPmin <, -Bq (S-11.63) NP-hard «-«-««ce-- 695,8-519
(decision ver.) ---695,5-516 | USSE <, ---LEq (S-11.48) NP-complete ---------- 695,8-517
USPmin® .- Eq (S-11.66) NP-complete -« 695,S-520
USSM? <, -Eq (S-11.51) NP-complete -« 695,9-517
Subset k arithmetic problems (see Order statistics)
Select k positive product | ---ooeiiiiein AG S-4.4  Greedy Algo. ---------- 199,5-91
maximization ----199,S-91 | ---.oveeiiiitn AG S-9.14 Greedy + maxHeap ---549,5-380
---------------- AG S-9.15 Ind. prog. + minHeap 549,5-381
---------------- AG S-9.16 Ind. prog. + minHeap 549,5-381
<p SKSS ------ AG S-10.3  reduction -----eieennn 617,5-410
<, SKSPmin Eq (S-10.13)  reduction ---«--------- 617,5-411
<, SKSPmin Eq (S-10.14) reduction ------------- 617,5-411
Select k positive product | cccoeeeeiiieenn AG S-4.5 Greedy Algo. -+ ------ 199,5-92
minimization - ---- 199,8-92 | --vrviiiiiiin AG S-9.17 Greedy + minHeap ---549,S-382
---------------- AG S-9.18 Ind. prog. + maxHeap 549,5-382
---------------- AG S-9.19 Ind. prog. + maxHeap 549,5-383
<, SKSP ... AG S-10.5 reduction -----eeeene 617,S-411
<p SKSP ---Eq (S-10.12) reduction --------c---- 617,5-411
<, SKSSmin --AG S-10.6 reduction ------------- 617,5-411
................ AG S-12.3  Las Vegas -« -««-------726,5-545
Select k sum maximization | «--cccceieeen AG S-2.20 Inductive prog. --------- 85,5-38
....................... 156 | vvveeeeeeeieeemAG 44 Greedy Algo. -------eeeeee- 157
----------------- AG S-9.8 Greedy + maxHeap ---548,S-377
----------------- AG S-9.9 Ind. prog. + minHeap 548,S-378
---------------- AG S-9.10 Ind. prog. + minHeap 548,S-378
<p SKSSmin -Eq (S-10.7) Reduction ------------ 617,5-409
<, SKSSmin -Eq (S-10.8) Reduction -«---------- 617,5-409
................ AG S-12.2  Las Vegas -« -« -------726,5-544
Select k sum minimization | -c-occceiiieenn AG S-4.3 Greedy Algo. ---------- 199,5-90
.................. 199,8-90 | <cvevvvvveivAG S-9.11  Greedy + minIeap -- - 548,5-379
---------------- AG S-9.12 Ind. prog. + maxHeap 548,S-379
---------------- AG S-9.13 Ind. prog. + maxHeap 548,S-379
<p SKSS ------ AG S-10.2 Reduction «---covennn 617,5-409
<, SKSS ----- Eq (S-10.6) Reduction ------------ 617,5-409
<p SKSPmin --AG S-10.7 reduction ------------- 617,5-412
Subset selection without repetition
at least k «------ 433,8-326 | 0, (%) - Eq (10.60) m-Reduction «-««---ceeenvens 593
~~~~~~~~~~~~~~~~ AG S-7.71 Strong ind. + Cyl ----433,S-326
<7' SWam Eq (10.61) Reduction «----cvvvveveenn. 593
<p, SWam ----- Eq (10.65) Reduction «-«--ceveeneinnn 593
<p SWam ----- Eq (10.67) Reduction «----vvveenennnn. 593
at most k - 433,8-325 | oK (1) oo Eq (10.59) m-Reduction «------vvvnnen 593
---------------- AG S-7.69 Strong ind. + Cyl ----433,S-325
~~~~~~~~~~~~~~~~ AG S-7.70  Strong ind. + Cyl ----433,S-325
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<™ SWal ----- Eq (10.62) Reduction ««--«covveeveen 593

<p SWal -----. Eq (10.64) Reduction «----vvveeneinnnn 593

<p SWal ------ Eq (10.66) Reduction «----v-vvoenennnnn 593

Binomial coefficient B AG 6.17 Recursion «---coveiiin 319
exactly k - (:) ........ I8 | v AQG 6.22 Memoization ««-«-ceeeeeeennn 320
.................. AG 6.23 Memoization IT «-«----------321

.................. ACG 6.24 2D Str. ind, -v-ceeeeee-2-322

O e AG 7.45 Strong ind. + Cyl -------- - 410

<, NPP -.voen. AG 10.7 Reduction «-«--ceceeerevenn. 566

<p FAC ...... Eq (10.20) m-Reduction «------coovneetn 584

Summation

SSEF() e 9 M) e AG 2.2 Inductive prog. «««-----eeee-- 41
................. Eq (2.14)  Recursion «««--««cceovveeovvo 4]

Pyramid number -« - - IS U, Tm 1.5  Closed fOrm ««-«cveveerenenn 11
(Sum of square numbers) | coceieein Eq (S-2.2) Recursion -«-«-c-cvene- 81,5-26
TP AG S-2.5 Inductive prog. -+« 81,5-26

<, BNC ----- Eq (10.113) Reduction -------vvveeeenns 625

<p'BNC ----Eq (10.114) Reduction --------coooenn-n 625

Square number - 10 | coee Tm 1.4  Closed fOrm «««ccveveerenenn. 11
(Sum of odd numbers) | coeoeeiiiin Eq (2.44) Recursion ««-«-cocreieiieen 80
ST —1) - AG S-2.3  TInductive prog. --+------ 80,5-22

<, BNC ----Eq (5-10.68) Reduction ---«-------- 625,5-448

<, TRN -..-Eq (5-10.66) Reduction ------------ 625,5-448

<p SEN -.... Eq (S-10.73) Reduction ---«-ceenee 625,5-449

Sum of cubic numbers -+ | oo Eq (2.45) Closed form «-«-cvvneeveines 82
.................... 81,8-26 | «+vveoiviiiiiiEq (S-2.3)  Recursion -c---eo-eo--oo-81,8-26
[ AREERRPRE AG S-2.6 Inductive prog. «-+------ 81,8-27

<, BNC ... Eq (10.116) Reduction -« vovveeveenens 625

<, TRN ----Eq (5-10.64) Reduction -+ 625,5-448

Sum of even numbers -+« | oo Eq (S-1.1) Closed form «------v-vvv-- 28,S-7
..................... 28,8-7 | ++vveeveieeioiEq (S-2.1)  Recursion «---c--eo--eo--81,8-25
SoT(28) e AG S-2.4 Inductive prog. -+« 81,5-25

<, BNC Eq (S-10.71) Reduction -«-«:ovvevne 625,S-449

<, TRN Eq (S-10.69) Reduction ----------- 625,S-448

<, SQN Eq (S-10.72) Reduction ------------ 625,5-449

Sum of floor of log ----- 83 | e Eq (2.46) Recursion ««-«-cocoeieieieen 83
................. Eq (2.47)  Closed form ««---««--«--v----83

> logi] ---- AG S-2.9 Inductive prog. --------- 83,5-33

Sum of product of consecu- | -+t Tm 1.10  Closed form -« vvvnvenenn 15
tive k #s (SPCg) ------ 14 | cveveeneenenns Eq (S-2.21) Recursion -«---covoveennn 83,5-33
---------------- AG S-2.10 Inductive prog. ---------83,S-33

Sum of sum of consecutive | «-cococieieiinn Eq (S-1.2) Closed form «-«-«-«-v--- 29,5-13
k #s (SSCg) ------ 20,S-12 | et Eq (5-2.22) Recursion ««-cccceeeeenn 83,5-33
---------------- AG S-2.11  Inductive prog. ---------83,S-34

Sum of tetrahedral numbers | 3757 Sk ----AG 1.15  Inductive prog. «-:c-oceeeees 29
(STH) -vvvvvvvnn-- 29,8-13 | 37  S™'TRN(j) AG 1.16  Inductive prog. - -««-wc v+ 29
2 JTHN(Z) ----AG 1.17 Inductive prog. ------oo------ 29

................ Eq (S-1.3)  Closed form ---«--------29,8-13

................ Eq (S-2.6) Recursion «-------------82,8-29

................ Eq (S-2.7)  Recursion «- -« ----82,8-29

................ Eq (S-2.8) Recursion -« 82,8-29

<, BNC ... Eq (10.115)  Reduction -« vovveereeens 625




Tetrahedral number -« -« 11 | «coveererenenenenen. Tm 1.6 Closed fOrm «««cveveverenenen. 12
(Sum of triangular #s) > 2:1 g AG 1.7 Inductive prog. «--«---------- 19
2 TRN(Z) - AG 1.8 Inductive prog. -«-ccoceeenens 19
................ Eq (S-2.4)  Recursion ---------------82,5-28
................ Eq (S-2.5) Recursion -------------.-82,5-28
<, BNC -.... Eq (10.112)  Reduction «-«---veeemveenns 625
Triangular number ------ 9 | DTd e AG 1.5 Inductive prog. ««----c-vovn-n 10
................... AG 1.6 Closed form «-«-cevovevevee-e10
................... AG 2.1 Recursion -«---c-ceeevev-v.n..35
<, BNC ... Eq (10.111)  Reduction ««----eceovveennn 625
<pSCB ----- Eq (S-10.65) Reduction «----------- 625,5-448
<, SEN ... Eq (S-10.70) Reduction ------------ 625,5-448
<p SQN ----Eq (S-10.67) Reduction -«:---c----- 625,5-448
see under Perfect a-ary tree problems for other summation related problems.
Surjective multiset coefficient | & .- ... Eq (6.32) Recursion «---covovviinnnn 351
......................... 351 | +evvvvevreinn-AG $-6.37  Memoization - --351,8-252
---------------- AG S-6.38 2D Str. ind. ----------351,5-253
---------------- AG S-7.67 Strong ind. + Cyl ----432,S-324
---------------- AG S-7.68 Strong ind. + Cyl ----432,S-324
<, MSC ------ Eq (10.31) Reduction «-----vvvevveenn. 586
<, BNC ... Eq (10.32) Reduction «-+--cvveeneinnn 586
< FAC .- Eq (10.33) m-Reduction «+--cvvviennnn 586
<, NPP --.-. AG S-10.49 Reduction ---«-------- 624,5-444
Surjective sequence number <p SNS ------- Eq (10.34) Reduction ------vvveineinnn 587
S(nyk) oeeeeeeens 587
Tautology logic related problems
CNF (TCN) -vovevnnens 688 | <, FDN --.... Eq (11.82) Reduction «----vvveenennnn 688
DNF (TDN) -----v--- 688 | FCN <, ------ Eq (11.85) co-NP-complete -«----cvvn-- 688
Tautolog (TAU) «----.- 686 | FAL <, «------ Eq (11.70)  co-NP-complete «---«--v-o-t 686
LEQ <p ++---- Eq (11.73)  co-NP-complete «----------- 687
TDN <, - Eq (11.89)  co-NP-complete «-------vnv-- 689
Ternary tree related problems
2-3 property .- ART | e Eq S-8.3 DFET «vvvvvvvvveeeeeen. 195,8-354
Checking ternary search | -« - eviieeiiinn Eq (8.9) Definition «-«---vovevieienn 456
tree (TST) veevvvernne A56 | voeee AG 815 TRECUISION « -t vcrererenenenen. 456
Height of a node ----- A58 | v Eq (8.15)  Recursion ««---««o-ovveenneen 458
Maximum in TST ----- A5 | e Eq (8.8)  crvree e 155
Minimum in TST ----- A5 | v Eq (8.7)  vereereniinneiiiiiiiiiiin, 455
Same leaf level -« -«---- ABT | v EQS-82 DFT «tevveeevveeennn. 495,5-353
Topological sorting ------ 255 | Kahn’s algo ----- AG 5.27  Greedy Algo. ----ccvveeennn 256
Tarjan’s algo ----AG 7.20 Recursion -----«--ccmoveneens 382
.................. AC 721 Stack -cocvereieieieiiaa...383
.................. AG 7.28 QuUeEUE «-rvrrrrraeeeeeieen.. 389
Traveling salesman problem
maximization (T'SPx) ---- | nearest-nei. ---AG S-4.32 Greedy Aprx. --------- 210,5-130
----------------- 210,5-130 | merge --------- AG S-4.33  Greedy Aprx. ---------210,S-130
nearest-nei.2 -- AG S-4.34  Greedy Aprx. --------- 210,5-131
HMP <, ---Eq (S-11.100) NP-hard ---------oo--- 698,5-530
TSP <, ---Eq (S-11.102) NP-hard -« -+ --vo -t 698,5-530
(decision ver.) ---698,5-530 | HMP <, ---Eq (S-11.101) NP-complete ----«----- 698,S-530
TSP <, ---Eq (S-11.104) NP-complete ---------- 698,5-530
(metric TSPx) --728,5-552 | <, MxST ----AG S-12.10  2-approximate -------- 728,S-552
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minimization (TSP) ---189 | nearest-neighbor AG 4.21 Greedy Aprx. -« coveenes 190
merge «--c--veee AG 4.22  Greedy Aprx. «--coveeeieenn 190
combine -+ AG S-4.10 Greedy Aprx. ««------- 202,5-101
nearest-nei.2 -- AG S-4.31 Greedy Aprx. --------- 209,S-127
HMP <, - Eq (11.65) NP-hard «---cvveeeeennnn. 683
TSPx <, --Eq (S-11.103) NP-hard -------------- 698,S-530
(decision ver.) --------- 684 | HMP <, «---+- Eq (11.66) NP-complete -««---ccvvneeenn 684
TSPx <, --Eq (S-11.105) NP-complete ---------- 698,5-530
(metric TSP) «------. 721 | <, MST ------- AG 12.13  2-approximate ------c-cee- 722
Vertex Cover «----------- 179 | - vovemeiiins AG 417 Groody Aprx. eeeeeeeeeeoos 180
IDS <, «onvee Eq (11.56)  NP-hard «----ccoooveeeenn. 677
CLQ <, - Eq (11.58)  NP-hard -« cveeevveennnn 678
SCN <, ----Eq (S-11.98) NP-hard ««---ccveven 698,5-528
................. AG 12.12  2-approximate «------------- 721
(decision ver.) «-----oe - 679 | DS <, -+ - Eq (11.60) NP-complete ------vvnveenes 679
CLQY <, ----Eq (11.62) NP-complete ««+--wcwoeenn- 679
SCNY <, -~ BEq (S-11.99) NP-complete -« -« 698,5-529
Vertex ordering (Graph)
BFS order -«-«-ccv---- 387 | BFS «+vvvvevnvnnnn AG 7.26  QUEUE «rrvrrrrrrrreeeeiennns 387
check BFS order ------ 38 | <, SPL ---vninn Pr 710 Reduction -----coieiiiin 386
check tBFS order ----- 390 | <, LPL --vvvvvvns Pr7.12  Reduction ----oeooeiinenn 390
<pBFS ---..... Eq (7.12) Reduction «-----vhveinennn 391
DFS order «-«-covvvne- 372 | DES «cvvvevennn. AG 714 RECUISION « - v crvrerenenenen. 372
DFS «vevevevnns AG 715 Stack «cveveveremeneneneninn. 373
Stack push order ------ 373 | DES «cvvvevennn. AC 716 SEACK - cveverememeeinainn. 373
Topological order - see under Topological sorting
Volumn of Frustum ------- 5 | Moscow P.14 ----- AG 1.2 Algebraic formula ------------- 6
<3 VPR ... Eq (10.19) Reduction «-«--vvveenennnn. 583
Volumn of Pyramid ----- 583 | el Eq (10.18)  Algebraic formula ----------- 583
Winning ways « -+« -+ 238 & .............. Eq (5.27) Recursion «--cccereeeeinnn 238
.................. AG 5.14  Str. Ind. Prog. ««-«c-c------ 239
.................. AG 5.15 memoization --«-------v----239
---------------- AG S-7.43  Str. ind. + Cir. ------428,S-304
<, NPP ........ AG 10.8 Reduction «---c-vviiiiiiin 567
Word search puzzle ------ - I B 39




