
Frieze & α for Frieze & Jerrum with convex combination
|V | SDP LB ICH Jerrum 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

k=2 30 912 912 912 912 912 912 921 927 941 925 912 912
40 1690.463 1691 1728 1728 1742 1773 1691 1691 1716 1719 1691 1691
50 2716.069 2729 2858 2848 2767 2823 2857 2815 2787 2810 2802 2855
60 3985.364 4001 4151 4054 4151 4128 4106 4172 4196 4112 4095 4159
70 5384.104 5401 5608 5667 5625 5452 5581 5654 5520 5501 5584 5557
80 7032.764 7098 7389 7389 7382 7211 7321 7363 7381 7281 7341 7230
90 9190.776 9292 9830.2 9551 9572 9595 9480 9599 9508 9450 9592 9568
100 11382.92 11496 11747 11784 11747 11881 11854 11878 11871 11878 11936 11860

k=3 30 493.7 557 589 614 588 611 623 598 605 580 592 558
40 925.5 992 1088 1117 1135 1108 1094 1130 1077 1101 1096 1089
50 1497.1 1656 1694 1752 1735 1725 1704 1766 1761 1757 1706 1737
60 2351.9 2548 2724 2749 2809 2739 2774 2716 2722 2649 2692 2705
70 3223.4 3477 3679 3815 3708 3774 3706 3789 3676 3685 3615 3664
80 4293.5 4508 4848 4892 4888 4790 4809 4909 4857 4877 4892 4815
90 5420.1 5774 6132 6249 6134 6084 6054 6263 6117 6151 6139 6098
100 6634.2 6973 7491 7566 7661 7529 7534 7602 7561 7549 7496 7433

Table 1: Computational Results for random instances with k = 2 and 3. Numbers in bold indicate that the heuristic solution is the optimal solution.

Frieze & α for Frieze & Jerrum with convex combination

|V | SDP LB ICH Jerrum 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

k = 2 3 × 3 -795504 -795504 -795504 -795504 -795504 -795504 -795504 -795504 -795504 -795504 -795504 -795504

4 × 4 -592434 -592202 -592202 -592202 -592202 -592202 -592202 -592202 -592202 -592202 -592202 -536551

5 × 5 -1543707 -1543707 -1451470 -1543707 -1182988 -1543707 -1543707 -1461391 -1543707 -1278662 -1543707 -1543707

6 × 6 -2846691 -2846691 -2846691 -2846691 -2554116 -2846691 -2846691 -2680268 -2846691 -2846691 -2718202 -2846691

7 × 7 -3020297 -3020297 -2818053 -2787849 -2787849 -2818053 -3020297 -3020297 -3020297 -2807370 -3020297 -3020297

8 × 8 -4489989 -4489989 -4489989 -4396002 -4489989 -4252115 -4489989 -4271661 -3702040 -4489989 -4489989 -4005560

9 × 9 -6230102 -6230102 -5522456 -6230102 -5950570 -5858896 -5522456 -5644327 -5953242 -5213005 -6230102 -6153144

10 × 10 -7872968 -7872968 -7872968 -7872968 -7760364 -7872968 -6869239 -7872968 -6480148 -7042388 -7872968 -7540716

k = 3 4 × 4 -954108 -954077 -954077 -819312 -831392 -741231 -798278 -761526 -580161 -741298 -751103 -852946

5 × 5 -1484348 -1367840 -1185097 -1484348 -1166946 -1103329 -1124676 -1188754 -836275 -1319361 -1175218 -966957

6 × 6 -2758520 -2758520 -2147425 -2115524 -1732624 -1802507 -1625819 -2758520 -1414849 -1872757 -1595561 -2690359

7 × 7 -3282586 -3282586 -2115560 -2115560 -2115560 -2889403 -1587528 -1902404 -1841520 -2171880 -2016232 -2756529

8 × 8 -4063059 -4063059 -2705506 -2469005 -2090016 -2128793 -2219785 -2419073 -2523733 -3154943 -2896465 -2502696

9 × 9 -5236178 -4758332 -2247374 -2225260 -2324296 -1970217 -2127385 -2235664 -2026423 -2085498 -2307414 -3155256

10 × 10 -7230203 -6570984 -3150645 -3251798 -3442696 -2750327 -3124199 -3122204 -3638336 -3395681 -2941674 -3579241

Table 2: Computational results for spinglass2g with k = 2 and 3. Numbers in bold indicate that the heuristic solution is the optimal solution.
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Frieze & α for Frieze & Jerrum with convex combination
|V | SDP LB ICH Jerrum 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

k = 2 3 × 3 0 0 0 0 0 0 0 0 0 0 0 0
4 × 4 0 0 0 0 0 0 0 0 0 0 3 0
5 × 5 0 0 0 2 0 2 0 0 0 6 6 0
6 × 6 0 0 0 0 0 0 0 3 0 2 0 2
7 × 7 0 0 4 4 4 3 3 0 0 0 0 3
8 × 8 0 0 0 0 4 20 0 4 0 0 13 0
9 × 9 0 0 0 3 0 10 2 0 8 0 0 12

10 × 10 0 0 0 0 0 10 0 3 7 0 4 0

k = 3 3 × 3 0 0 1 2 0 1 0 0 1 0 1 0
4 × 4 0 0 2 3 3 1 3 2 1 4 2 3
5 × 5 0 0 4 7 7 4 4 1 5 6 4 4
6 × 6 0 0 7 12 8 12 8 12 7 8 7 9
7 × 7 0 0 14 15 16 18 14 13 17 13 13 13
8 × 8 0 0 17 16 20 20 24 20 17 19 17 20
9 × 9 0 0 22 32 29 23 24 25 25 24 26 21

10 × 10 0 0 36 39 34 33 39 37 35 39 35 33

Table 3: Computational Results for grid 2D with k = 2 and 3. Numbers in bold indicate that the heuristic solution
is the optimal solution.

From Tables 1-3, we notice that ICH is in most cases at least as good as the hyperplane
rounding minimum. Moreover, even using different values of α for the hyperplane rounding with
convex combination, the results are still not as good as those of the ICH heuristic. Therefore,
the UBs provided by ICH are generally tighter and using it at each node of the branch-and-cut
algorithm helps reducing the size of the tree.

From Table 2 we see that for spinglass2g instances where positive and negative edge weights
are present, the ICH heuristic provides a better solution than the minimum value of hyperplane
rounding for all values of α. This shows that ICH is still very effective in the presence of negative
weights unlike the hyperplane rounding (we note that the performance guarantee from Theorem
1 does not apply for these instances). Moreover, by comparing the UB provided by ICH with
the LB, we see that the ICH heuristic provides a tight bound at the root node and sometimes
immediately finds the optimal solution.

We note that for the grid 2D instances we can find a solution by inspection. For the case
k = 2 there is a unique solution, while for k = 3 we have multiple solutions. Moreover, for k = 2
the SDP matrix X∗ satisfies Xij ∈ {−1, 1} while for k = 3 the SDP matrix X∗ doesn’t have
its entries Xij ∈ {− 1

2 , 1} but the matrix is in practice often a convex combination of several
multiple solutions. We included the results for grid 2D instances to show that even if we don’t
have the SDP matrix with Xij ∈ {− 1

k−1 , 1} entries, the ICH heuristic can still extract a feasible
solution that was found to be optimal for all test cases tried, unlike the hyperplane rounding.

4.2 Computational Results for SBC Algorithm

We implemented in C the branch-and-cut SDP-based Algorithm (SBC) described in Section 3.4.
To solve the SDP, which has to be done at each node of the tree, we used the CSDP solver [5].
The computations were done on a a 1200 MHz Sun Sparc machine.
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