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By James Maxlow

Introduction

This paper will describe network simulations performed using Caci Comnet III simulations software on the Unix platform. Of interest were the resulting message delay, network utilization, and collision count for each of the 66 recorded runs, and which systems led to network saturation. The parameters and iterations of the simulation were as follows:
· CSMA-CD Ethernet
· 10Mbs transmission rate

· 26 byte message overhead

· 2, 4, 8 nodes

· 60 byte, 1450 messages

· 45% - 95% offered loads, in increments of 5%

· 20 second (1450 byte), 5 second (60 byte) runs

For each run, a message inter-arrival time at each node was calculated using the following formula: 
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One element of the simulation that rates explanation is the justification for the 20 second and 5 second run times. As it turns out, these are related to achieving network saturation in the simulation, that is, the point where the cache of message packets to be sent grows faster than the network’s ability to deliver them. These two times were chosen for their respective set of runs so that saturation would be achieved only in the most heavily trafficked runs. At 20 seconds, around 20% of the 33 1450 byte runs reached saturation. At 5 seconds, around 22% of the 33 60 byte runs reached saturation. Setting the 60 byte runs at 10 and even 8 seconds caused the program to go into severe looped disk access that lasted for several hours. The reasoning for declaring saturation conditions will be explained in context later in the paper.
Network Utilization vs. Offered Load

This comparison will be our main means of defining network saturation. As long as the network utilization stays within one or two percentage points of the offered load, we can safely say that the system is stable (assuming we have already established appropriate run times.) Graph 1.1 shows linear 1:1 relationships for the 2 node and 4 node 1450 byte systems. The 8 node system shows similar behavior until the 65% threshold is crossed; at that point, utilization falls off greatly with respect to offered load. It seems then that this particular system goes into saturation above 65% load.
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Graph 1.2 shows the 60 byte systems. Again, the 2 node system seems impervious to saturation, as its 1:1 relationship is maintained, with one exception – at 95% offered load, the system shows 98.42% utilization. This may or may not indicate saturation, which will be elaborated later. We can also see here that the 4 node system begins to break down around the 80% offered load mark. The 8 node system saturates at around the 70% load level, and thereafter offers wildly disparate results.
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What makes the 60 byte systems more likely to saturate? Simply, the 60 byte systems are generating numbers of messages several times the numbers of the 1450 byte systems, which results in increased number of collisions, increased transmission delays and rapidly building message caches.
Transmission Delay vs. Offered Load

Graph 2.1 shows the message delay times for each 1450 byte run. It is obvious that the delay grows steadily but slightly for the 2 node system, even when offering a 95% network load. The system appears to remain stable. There is a significant jump in the 4 node system between 75 and 80% offered loads, but the system remains relatively stable at all other points. In contrast, the 8 node system message delay skyrockets after 65%; we expect this to be the case, as we know already the system appears to be saturated above 65%.
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Graph 2.2 shows the message delay times for each 60 byte run. Again, the 2 node rises slowly and steadily. As we predicted in the network utilization section, the 4 node system moves away from its linear path at around the 80% offered load mark. Although the resultant delays do not seem to be large, their discontinuity with lower load delays seems to agree with saturation. Finally, without question, the 8 node system saturates just past 70% load, as we noticed earlier. The 80 to 90% data points appear to be conspicuously linear; this condition should not be argued as stabilization, because of the network utilization arguments noted earlier.
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Collisions vs. Offered Load

We know that the more demand placed on a network system, the greater the chance that collisions between competing frames will occur. This leads to a higher number of retransmissions, which adds to the overall traffic, which increases the message delay, and so on. We should expect, then, that saturated systems should display extremely high numbers of collisions (indeed, a truly saturated system, given enough non-infinite time, would reach an infinite number of collisions.) We should also expect that, even in non-saturated conditions, increasing load should result in increasing numbers of collisions, regardless of other system parameters. That is what makes the following two graphs so puzzling.
Graph 3.1 shows the collisions in the 1450 byte systems. The 2 node system maintains collisions so low that they are not worth mentioning (in comparison with the numbers of messages generated.) The 4 node system increases steadily with load… until it passes the 75% load mark, at which point the collisions actually decrease. A plausible explanation for this seems currently out of reach, but it is worth noting that the transmission delay for the 1450 byte 4 node system jumps upward at the same point – another seeming contradiction, because lower collisions and higher delay do not go hand in hand. One might normally explain such odd results as nonsense numbers generated under saturation, but we have already concluded from the network utilization numbers that the system does not reach saturation under these conditions. The exact same contradictory conditions occur for the 8 node system, excepting for the fact that it occurs at a lower offered load – 65%. This is our saturation level for the 1450 byte 8 node system, so we may reasonable conclude that saturation is damaging the data points.
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In graph 3.2, the 2 node plot seems reasonable enough, except that at 95% load, it incurs only 202 collisions – less than that of the 45% load. This out of place number is perhaps evidence that the 60 byte 2 node system does indeed saturate, as we suspected earlier in the network utilization section. We see the same nonsense numbers generated at the higher load 4 and 8 node systems as we did with the similar 1450 byte systems, supporting the conclusions of saturation that all of the graphs show.
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Conclusion

If we are to strictly believe the results offered by the Comnet program (it has already been discussed why this is inappropriate) then we cannot draw reliable conclusions for each of the 66 systems simulated. However, we can reliably interpret the results if we first agree to the supposition that seemingly contradictory data most likely indicates saturation.
Proceeding along those lines, the only 1450 byte systems to saturate are those with 8 nodes and greater than 65% offered loads. Of the 60 byte systems, those with 8 nodes and greater than 70% offered loads became saturated. Murkier is the interpretation of the 2 and 4 node systems. The 2 node is probably saturated above the 90% level. The 4 node systems seem to saturate above the 75 - 80% level.
Appendix

Simulation Results:

	1450 Byte - Message Delay
	
	1450 Byte - Network Utilization
	
	1450 Byte - Collisions
	

	
	2 Nodes
	4 Nodes
	8 Nodes
	
	
	2 Nodes
	4 Nodes
	8 Nodes
	
	
	2 Nodes
	4 Nodes
	8 Nodes

	45%
	1.376
	1.52
	1.602
	
	45%
	44.50%
	44.49%
	44.52%
	
	45%
	5
	608
	1013

	50%
	1.415
	1.592
	1.698
	
	50%
	49.37%
	49.34%
	49.36%
	
	50%
	2
	905
	1454

	55%
	1.453
	1.654
	1.817
	
	55%
	54.36%
	54.32%
	54.30%
	
	55%
	5
	1232
	1992

	60%
	1.501
	1.743
	1.949
	
	60%
	59.46%
	59.52%
	59.52%
	
	60%
	4
	1680
	2704

	65%
	1.554
	1.835
	2.078
	
	65%
	64.40%
	64.26%
	64.33%
	
	65%
	11
	2161
	3369

	70%
	1.620
	1.968
	9.961
	
	70%
	69.86%
	69.75%
	64.33%
	
	70%
	9
	2855
	2302

	75%
	1.682
	2.129
	11.041
	
	75%
	74.92%
	74.92%
	65.06%
	
	75%
	9
	3766
	2188

	80%
	1.756
	4.066
	10.435
	
	80%
	80.31%
	78.60%
	69.71%
	
	80%
	6
	2237
	1978

	85%
	1.851
	4.136
	9.601
	
	85%
	85.35%
	82.40%
	74.70%
	
	85%
	11
	2238
	2097

	90%
	1.971
	4.104
	9.489
	
	90%
	90.66%
	88.37%
	79.88%
	
	90%
	6
	2679
	2260

	95%
	2.120
	4.335
	9.409
	
	95%
	95.28%
	93.04%
	83.36%
	
	95%
	5
	2013
	2559

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	60 Byte - Message Delay
	
	60 Byte - Network Utilization
	
	60 Byte - Collisions
	

	
	2 Nodes
	4 Nodes
	8 Nodes
	
	
	2 Nodes
	4 Nodes
	8 Nodes
	
	
	2 Nodes
	4 Nodes
	8 Nodes

	45%
	0.083
	0.093
	0.103
	
	45%
	45.65%
	45.41%
	45.40%
	
	45%
	333
	3296
	5087

	50%
	0.085
	0.099
	0.112
	
	50%
	49.50%
	50.40%
	50.38%
	
	50%
	398
	4668
	7196

	55%
	0.089
	0.106
	0.125
	
	55%
	55.42%
	55.42%
	55.41%
	
	55%
	481
	6348
	9630

	60%
	0.091
	0.115
	0.141
	
	60%
	60.20%
	60.20%
	60.19%
	
	60%
	532
	8346
	12399

	65%
	0.095
	0.127
	0.169
	
	65%
	65.90%
	65.89%
	65.09%
	
	65%
	655
	11070
	16132

	70%
	0.097
	0.143
	0.206
	
	70%
	69.19%
	70.85%
	69.97%
	
	70%
	672
	14232
	19935

	75%
	0.103
	0.163
	0.493
	
	75%
	76.62%
	74.60%
	58.90%
	
	75%
	806
	16499
	8268

	80%
	0.107
	0.214
	0.432
	
	80%
	81.04%
	81.04%
	61.20%
	
	80%
	806
	18313
	11573

	85%
	0.113
	0.232
	0.459
	
	85%
	86.20%
	83.17%
	58.56%
	
	85%
	778
	10658
	6789

	90%
	0.120
	0.264
	0.489
	
	90%
	91.83%
	80.60%
	73.33%
	
	90%
	600
	4138
	8090

	95%
	0.133
	0.230
	0.508
	
	95%
	98.42%
	82.19%
	73.58%
	
	95%
	202
	3041
	8625


Inter-arrival times:

	2 Node - 1450 B
	
	4 Node - 1450 B
	
	8 Node - 1450 B
	
	2 Node - 60 B
	
	4 Node - 60 B
	
	8 Note - 60 B

	Load
	iatime
	
	Load
	iatime
	
	Load
	iatime
	
	Load
	iatime
	
	Load
	iatime
	
	Load
	iatime

	95%
	0.00249 sec
	95%
	0.00497 sec
	95%
	0.00994 sec
	95%
	0.00014 sec
	95%
	0.00029 sec
	95%
	0.00058 sec

	90%
	0.00262 sec
	90%
	0.00525 sec
	90%
	0.01050 sec
	90%
	0.00015 sec
	90%
	0.00031 sec
	90%
	0.00061 sec

	85%
	0.00278 sec
	85%
	0.00556 sec
	85%
	0.01111 sec
	85%
	0.00016 sec
	85%
	0.00032 sec
	85%
	0.00065 sec

	80%
	0.00295 sec
	80%
	0.00590 sec
	80%
	0.01181 sec
	80%
	0.00017 sec
	80%
	0.00034 sec
	80%
	0.00069 sec

	75%
	0.00315 sec
	75%
	0.00630 sec
	75%
	0.01260 sec
	75%
	0.00018 sec
	75%
	0.00037 sec
	75%
	0.00073 sec

	70%
	0.00337 sec
	70%
	0.00675 sec
	70%
	0.01349 sec
	70%
	0.00020 sec
	70%
	0.00039 sec
	70%
	0.00079 sec

	65%
	0.00363 sec
	65%
	0.00727 sec
	65%
	0.01453 sec
	65%
	0.00021 sec
	65%
	0.00042 sec
	65%
	0.00085 sec

	60%
	0.00394 sec
	60%
	0.00787 sec
	60%
	0.01574 sec
	60%
	0.00023 sec
	60%
	0.00046 sec
	60%
	0.00092 sec

	55%
	0.00429 sec
	55%
	0.00859 sec
	55%
	0.01718 sec
	55%
	0.00025 sec
	55%
	0.00050 sec
	55%
	0.00100 sec

	50%
	0.00472 sec
	50%
	0.00945 sec
	50%
	0.01889 sec
	50%
	0.00028 sec
	50%
	0.00055 sec
	50%
	0.00110 sec

	45%
	0.00525 sec
	45%
	0.01050 sec
	45%
	0.02099 sec
	45%
	0.00031 sec
	45%
	0.00061 sec
	45%
	0.00122 sec
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