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N O  NG AND DRAFT1 
G P  OLS 

Andrew Ross and Bruce McMillin * 
Department of Computer Science - University of Missouri-Rolla 

Rolla, MO 65401 - ff@cs.umr.edu 

ABSTRACT 

In recent years, a dramatic rise in the number of per- 
sonal workstations interconnected via local area net- 
works has occurred in the workplace. These can be 
organized as distributed computing systems. The 
combined computing power of these systems are often 
greater than mainframes of a decade ago, and usually 
less expensive. There is a growing interest in harness- 
ing this often underutilized power. Researchers are 
focusing their attention on remote execution of 
processes as one solution. An additional topic of 
research is to balance a workload among a series of 
computers. Remote execution is made possible 
because the distributed operating system provides 
migration of a process from one processor to another. 
The goals of dynamic process migration are to be user 
transparent, network topology independent, and to 
achieve a useful compromise between maximum pro- 
cessor utilization and minimum communication over- 
head. Two load sharing algorithms have been pro- 
posed as the "better" solution. The drafting algorithm 
is receiver initiated by a low load processor while the 
bidding algorithm is sender initiated by a high load 
processor. To date there has been no known published 
comparison of implemented systems. The purpose of 
this paper is to compare the performance of each for a 
real implementation rather than a paper study. 

1. INTRODUCTION 

A distributed system is formally defined as a collec- 
tion of autonomous processors that communicate with 
each other and that allow resource sharing 131. Currently, 
locally distributed systems share primarily data, data 
storage devices, and output devices; there is little sharing 
of computational resources [4]. Transferring some of the 
workload from highly loaded processors to lightly loaded 
processors should improve the overall performance of the 
systcm. 

$. This work was supported in part by the National Science Foun- 
dation under Grant Numbers MIP-8909749 and CDA-8820714, in 
part by the AMOCO Faculty Development Program, in part by the 
Manufacturing Research and Training Center (MRTC), and in part 
by the McDonnell Douglas Corporation. 

There are two approaches to the load sharing philo- 
sophy. The simple static policy uses predetermined 
values based on averages to make migration decisions. 
Adaptive policies are more complicated because they 
require current system state information to make deci- 
sions. Greater performance over a wide workload can bc 
expected with adaptive policies, but care must be taken to 
ensure the load sharing protocol does not significantly add 
to the system load. Only adaptive techniques are con- 
sidered in this paper. 

The goals of a dynamic process migration protocol 
are to be user transparent, network topology independent, 
and to achieve a useful compromise between maximum 
processor utilization and minimum communication over- 
head. Clearly, increasing the amount of remote execution 
increases communication delay on the network. This 
adds to the system load. It should be mentioned that no 
attempt will be made to balance the workload across the 
system. Instead, the idea is to keep all processors busy 
and thus reduce the average process response time. 

The main obstacles in creating an effective process 
migration protocol are the estimation of the processor 
load, expected runtime of a process, and the creation of 
extra communication traffic by the protocol [2]. Estimat- 
ing the expected runtime of a process for input to the job 
scheduler has no guaranteed solution, therefore it was not 
considered in the design of the algorithms. Many propo- 
sals suggest that load determination should be based on 
numerous measurable parameters. These include 
resource demands, instruction mixes, number of 
processes, machine architecture and speed [6]. It has also 
beenmggested in the literature that effective results can 
be achieved using simple parameters [11[2]. In this paper, 
the load was determined by the length of a queue of jobs 
submitted. Although this doesn't measure the actual load 
of the CPU, observations show this accurately reflects the 
load of the CPU. 

A general description of the bidding and drafting 
algorithms are given below. Each follows the model of 
migration protocols described in [l-51. Specific parame- 
ter values chosen will be covered in the design section, 
and then the results of the comparison are presented. In 
both algorithms, the protocol runs on each processing 
node and jobs are submitted to the system at each node. 
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Bidding Algorithm 

The main points of the bidding protocol are: 

The load is classified as low (L) or high (H) state. 

when a processor enters a high state it broadcasts a 
solicit bids message to all other nodes. 

all nodes in low state calculate a bid based on its 
load, and submits it to the requesting processor. 

the high load processor evaluates all bids received 
and chooses the best node to migrate a job to. 

0 a verify message is sent to the owner of the winning 
bid to ensure that it can still receive a job. 

0 if the situation hasn't changed then a job is 
migrated. If it has, a too lute message is sent to the 
initiating processor and the process is restarted. 

One well known problem with bidding is that many 
high load processors may gang up and dump a significant 
load on the winner of the bids. 

Drafting Algorithm 

0 

0 

0 

0 

\ 

In the drafting protocol, migration is initiated by 
low load processors in an attempt to improve perfor- 
mance. It is believed to be a better algorithm because 
bidding may cause many high state nodes to dump onto a 
single low state node, drafting does not give high state 
nodes added work, and achieves fairness [2]. The main 
points are: 

the load is classified as low Q, normal (N) or high 
(H) state. Normal state nodes will neither accept 
nor migrate jobs. 

each node maintains a table of load values, the load 
table, of every other node. 

when a processor changes load state it broadcasts a 
load change message. 

a processor in low load or entering low load checks 
its load table for the existence of high load proces- 
sors. If any are discovered it executes a SendDruF 
tRequest. 

on receiving a draft request message, a high load 
machine performs a RespondDraftRequest. This 
entails sending a drajl-age message to the drafting 
processor. The draft-age is some measure of the 
load with respect to draftable processes. 

after the drafting processor receives all the draft 
age replies, or times out, it will calculate a drufi- 
standard based on the draft-ages. 

a draft-select message is sent to the chosen high 
load processor. 

0 if that node is still in high load it selects and 
migrates a job. Otherwise a too late message is 
returned and the low load processor restarts the pro- 
tocol. 

2. IMPLEMENTATIONS 

The migration protocols were implemented from 
common specifications by diverse design groups in the C 
language on a token ring local area network composed of 
IBM 6152 processors and a shared file server. Thus, 
interprocessor communication has a non-negligible delay. 
Each 6152 is running the UNIX BSD 4.3 operating sys- 
tem and has the same memory capacity and processing 
speed. 

Job Description 

A job is a file consisting of 1 to n distinct process 
names. Each process name is a pointer to an executable 
program that performs a loop of I/O intensive instruc- 
tions. There were five jobs of varying runtimes used dur- 
ing the comparison. Each job was first run independently 
of the migration protocol to determine its standalone run- 
time (Table 1). During system testing, the runtime of each 
completed job was recorded and compared to the 
expected runtime for the system's calculated load. 

For example, job file io.1 looks like: 

3 
di0002 (* process number 1 *) 
diooo4 (* process number 2 *) 
diO0Ol (* process number 3 *) 

and a process would be a simple C program which writes 
some number of bytes to "/dev/null" to simulate 1/0 load- 
ing. 

The following information is associated with each 
job in the queue: 

0 machine number where the job originated 

0 pointer to process within job that is to be started 
next 

0 time the job entered the queue. 

Jobs are submitted to the processing nodes of the 
system with rate (A), however, the pseudo-random 
sequence is preserved for repeatability at each node. 
Communication messages include exchange of load esti- 
mation, coordination of processes involved in potential 
process migration, and process migration. The system 
used in this experiment contains a remote file server 
which allows multiple processing nodes to have access to 
the same job. Addresses of jobs and not jobs themselves 
are migrated. All messages used were 50 bytes or less 
including message header. This is not very much 
bandwidth. To transfer an actual job of many thousands 
of bytes would add congestion to the network and reduce 
performance. This is important because different results 

(* the number of processes *) 
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74 

i0.2 io.3 

52 

i 
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Table 1. Job runtime. 
might be obtained on a distributed system not based on a 
shared file server. 

Threshold 

The number-in-queue is used as the measure of the 
processor load. The load value is compared to a rhres- 
hold value to determine the high(H)/low(L) or 
high(H)/normal(N)fowQ load states. The migration 
protocol at a particular node is activated based on a 
change in the load state of either the local or a remote 
node, depending on the protocol. The threshold is a proto- 
col parameter that is supplied at execution time. This is 
the cutoff between low and high or low and normal and 
normal and high loads. It is a relative value based on the 
runtime of jobs. 

Bid Selection 

The bidding program was implemented with the 
owner of the first matching bid being selected as the desti- 
nation for migration. Results compared to the drafting 
algorithm indicate that this may be a better decision. In 
the time it takes drafting to wait for all replies, select the 
best choice, and respond, the bidding program has already 
migrated and restarted the job. If there exists prior 
knowledge of job type, then it might be beneficial to 
determine the "best" job for migration. An algorithm to 
ensure that the first response is the "best" response is 
given in the results section. It could be used by either 
protocol. 

Drafting Design 

Where the job originated is used to determine if that 
job can be migrated, and if it has a high execution prior- 
ity. A job can only be migrated once to prevent job 
thrashing [ 11. Migrated jobs are also given a higher prior- 

ity to be started before unmigrated jobs. 

The time that the job entered the queue is used in 
the draft selection process. The draft age reported is 
chosen to be the waiting time of the oldest job in the 
queue. 

When the migration is triggered by a load table 
state change and the migration connection has been esta- 
blished, a job is selected and sent to the message passing 
module for migration. The decision was made to always 
select the second job in the queue for migration. This was 
done for its simplicity and faimess to the jobs. An alter- 
native choice is that jobs closer to completion should not 
be migrated in favor of migrating the youngest job. How- 
ever, under this design, migrated jobs are given higher 
priority at the new node so migrating young jobs would 
be unfair to older jobs at the destination. 

3. RESULTS 

Data was collected by running pairs of tests for 
periods of 15 minutes to 2 hours. Each pair consisted of a 
drafting and bidding migration. The job sequence, rate of 
job submitting, and high state threshold value were varied 
to change the expected load on the system. Some testing 
characteristics were: migration disabled, medium load on 
all nodes, high load on one processor, and high load on 
multiple processors. 

turnaround 

(seconds) 

machine A h = 1 
machines B and C h = .6 time 

H is the load threshold between 
low (L) and high (H) states 

400 t 

2 o o ~  

1 

3/45 3.43 

C AVG 
Figure la. Bidding Turnaround Time 
for Various High Threshold Values 

Figure l a  illustrates the results of varying the thres- 
hold value on job turnaround time for the bidding algo- 
rithm. Notice that even though machine A had a higher 
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job submit rate, machine B had a longer run times for 
threshold value of 5. This was caused by a high rate of 
job thrashing which caused machine B to take on high 
work loads. 

The bidding protocol originally outlined in [9] is 
susceptable to thrashing due to rapid state changes [2]. If 
a job is submitted to a node which causes the number-in- 
queue to go from 3 (L) to 4 (H) the bidding is activated. 
If a job were to complete at this time the load would drop 
from high back to low and the migration process would 
have to be terminated. This was discovered to happen 
quite often in our tests compounded by that node getting a 
new job and entering high load again. One school of 
thought is that if a node recently entered high load it is 
more likely to enter high load again. Thus, to make a fair 
comparison to drafting, a damping factor was introduced. 
The cutoff from high to low load was taken to be 
[original-threshold -11. With the cutoff for high to low 
being offset by one, the processor has extra time to com- 
plete a migration. This damping effect reduced the 
number of aborted migrations due to the completion of a 
job. 

turnaround machineA h= 1 

(seconds) 
time machines B and C h = .6 

- 
average system load 4.5 5.6 
job runtime average for tests 244.7 353.0 . 
Expected Runtime Average 259.7 361.9 

H is the load threshold between 
normal (N) and high (H) states 

N is the load threshold between 
low (L) and normal (N) states 

200 

H 3,4,5 
N 1,2,3 

MACHINE A B 

3,4,5 3,4,5 
1,2,3 12-3  

C AVG 
Figure lb. Drafting Turnaround Time 

for Various Highmormal Threshold Values 

In the drafting implementation, the threshold value 
between low and normal is chosen to be 2 (L). The thres- 
hold value for normal to high is 4 (H), and again the cut- 
off for high to normal is 3 (N). The threshold damping 

prevented many aborted migrations as it did for bidding. 
Figure l b  shows the turnaround time for different thres- 
hold values. The graphs of H=5 N=3 show the three pro- 
cessing nodes as being closer to a balanced throughput. 
This is a good example to point out that balanced does not 
necessarily mean better. The increased operating system 
overhead to swap jobs can add to the load. In this case it 
is better to just keep each node busy. 

Is a migration protocol worth implementing? That 
is one question that these tests hoped to answer. What are 
the effects of migration on a normal and high load sys- 
tem? And importantly, is one protocol better than the 
other? 

The main measurement for this protocol com- 
parison is the average load induced on the system and the 
system throughput. The performance of any one job with 
and without migration was not considered. The average 
load is inversely related to system throughput. On the 
system used for implementation, the lower the number of 
jobs waiting for processor time the faster the turnaround 
time. In other words, if the same number of jobs are sub- 
mitted to two systems, then the system with the lower 
average load has completed more jobs. The number of 
messages passed and the number of migrations are two 
system measurements that were not as important in this 
comparison. The number of migrations was monitored to 
identify thrashing. 

The estimation of load was determined as the 
length of the job queue. Although this doesn’t measure 
the actual load of the CPU, observations showed this 
accurately reflects the load of the CPU. In many hours of 
observation, the load that the drafting program placed on 
the CPU was less than 0.5. The bidding program was 
slightly less. Each of the processes that was forked and 
executed was Seen by the system as one process, and so 
the load increases by 1.0 for each process executed simul- 
taneously. Table 2 compares average job runtime to 
expected runtime for a system with one job submitted 
every 60 seconds (h = 1). 

The expected average was calculated by multiply- 
ing the load value by the sum of the completed job’s 
known runtime (table 1). Due to I/O overlap effects, the 
system ran better than expected for both protocols. This 
could mean the load measurement is slightly high. Also 
note that the bidding program produced better results. 
I Bidding Drafting I 

Table 2. System Load and Average 
Job Runtime for a Sample Test 

The first result found was that if the entire system is 
in a high state, and very little migration is occumng, the 
system ran slower than with the migration disabled com- 
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pletely. In Figure 2 the average system load during a bid- 
ding test where all nodes had a h = 1 is compared to a test 
with the same system parameters with the migration pro- 
cedure supressed. When all nodes are in high load state 
(load > 3) the average system load with migration 
becomes greater than the average system load without 
migration. This is due to the overhead of the migration 
process that does no useful work if the load is balanced 
(or all processors busy). 

System load 

with migration 

4.6 Y 
without migration 

I l l  I I I  I I 1  I I  I I 

L 
0 

without migration 

0 15 
Time in minutes 

Figure 2. Comparison of Bidding Algorithms 
With and Without Migration 

h = 1 for all nodes 

30 

The bidding program experienced a problem with 
state woggling and process thrashing [9] (Figure 3.) as 
predicted by [2]. State woggling is the term used when a 
processor frequently changes its state back-and-forth 
between H-load and N-load or between N-load and L- 
load. In a 15 minute test with two processes having a 
high submit rate, h = 3, and the rest of the nodes had a 
low rate of h = -3, there were 121 total jobs submitted, 
and the bidding protocol caused 130 migrations. (Jobs 
are allowed to migrate more than once in bidding and at 
most once in drafting.) In particular, 3 jobs migrated 10, 
15, 25 times respectively, however, most jobs had zero 
migrations. Over all bidding tests a 2:l ratio of jobs sub- 
mitted to number of migrations was observed. 

Even with this thrashing, bidding performed better 
than drafting. If the actual job were migrated across the 
network instead of a job pointer, the bidding algorithm 
would suffer severely under these conditions. The system 
load for this test was 5.3 for bidding and 6.9 for drafting. 
Drafting had only 12 job migrations. 

time 

tl 

t2 

t3 

t4 

migrate to 2 

migrate to 2 

migrate to 1 

migrate to 1 

processor 1 processor 2 

load load 
State state 

Figure 3. Thrashing 

This would continue until a job finished or until 
another process could get in to receive a migrated job. 
Solutions to this could be to use a 3 stage load 
classification as is used by the drafting algorithm. 

An important test is to compare the results of an 
execution where all the jobs are submitted at a single 
node, and every other node is in low state. From this, you 
can determine the effectiveness of the migration proto- 
cols. The system average load and average tumaround 
times are displayed in Figure 4. The program was run on 
8 processing nodes for one hour with h = 2 at one 
machine. Enough load was generated to keep all nodes 
active. 

It should be quite obvious that under skewed load 
conditions the system performs better for each protocol 
over no migration. Even though the average load is only 
slightly better for the bidding program, over the entire 
test, there is a significant difference in the turnaround 
times. Figure 5 is a general comparison between bidding’s 
and drafting’s performance. 
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average 

average turnaround time 

system load (seconds) 

190 

Bidding Drafting Bidding Drafting 
Figure 4. All jobs submitted to 

a single node 

turnaround time 

I I I I 1 I 

0 2 4 6 8 10 

System load 
Figure 5. Performance Comparison: 

Job Turnaround Time vs. Load 

4. CONCLUSIONS 

In general, both algorithms produced an increase in 
system performance than with no migration, and bidding 
consistently showed better results in spite of process 
thrashing. 

Drafting's main problems are timing and design 
structure. It takes 30 seconds from the time a migration 
condition occurs ( existence of low and high load proces- 
sors ) to migrate a job. Bidding can migrate two jobs or 
more in a 15 second period. Also, in bidding, once one 
migration occurs the two nodes are in synchronization to 
migrate a second process. This added to its thrashing 
problem. 

The bidding algorithm produced many more pro- 
cess migrations while the drafting algorithm vansmitted 
mostly control messages, For this reason, the file server 
was of more benefit to the bidding program. In neither 
case did this communication load on the network have 
any noticeable effect on the system's overall perfor- 
mance. Thus, our results, as in [4] are highly dependent 
on the existence of the shared file server such that only 
job pointers, not jobs, are migrated. 

A way to ensure that the first response is the best 
response is to require each responding processor to delay 
its bid by a multiple of their load measure. For example, 
three nodes are in low state and responding to a bid 
request. Their queue lengths are 1, 0, 1. For each job in 
the queue a processor waits 1 second before responding. 
Node B with 0 queue length would reply first, and the 
other nodes will reply 1 second later. Network delays 
would need to be considered. 

Another possible refinement for both protocols 
would be to reduce the amount of hand shaking. Once a 
processor agrees to take some workload what is the point 
of double checking to make sure it can still accept the 
job? What if after you double check, the node becomes 
highly loaded? Maybe you should triple check ... If 
migrated jobs were given a higher execution priority at 
there new node then even if that node became highly 
loaded the migrated job could still get better response at 
the new node than it did at its originating node. 

In conclusion, these results match other preliminary 
results in that simple parameters achieve quite effective 
performance. To take it a step further, it's not as impor- 
tant to select the "best" job to be'migrated to the "best" 
location as it is important to migrate a job quickly. The 
bidding protocol can migrate a job with 3 messages (bid 
request, response, migration) while drafting requires 4 
sometimes 5 (load change to high, draft request, draft age 
response, draft select, migration). The first message is not 
needed if a process is already in high load. It is therefore 
believed that the bidding protocol will produce better 
overall system performance. A hybrid method with 
bidding's protocol, drafting's 3 stage classification, and 

973 

Authorized licensed use limited to: Missouri University of Science and Technology. Downloaded on August 02,2023 at 20:16:57 UTC from IEEE Xplore.  Restrictions apply. 



the first response refinement mentioned above might 
prove to give even better results. Of course, results could 
differ for each system, and extensive testing might prove 
other conclusions. 
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