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Abstract—T he difficulty to compare network simulatorsisa
major obstacle to the broader adoption of these tools. This
problem particularly affects 802.11 simulators because the
802.11 protocol is complex and simulators contain several
simplifications that are difficult to evaluate. In this paper,
we present a generic visualization system able to interface
with the 80211 protocol implemented in NS2 and
Glomosim. Our tool allows to emphasize the common
behaviours and divergences observed between the
simulatorsand the [EEE 802.11 standard.

Our contribution includes the definition of a new method
to compare simulators and the publication of the most
complete list to date of modeling differences relative to NS-2
and Glomosim lower layers.
Index Terms—Simulator, Visualization,
802.11, NS-2, Glomosim

Comparison,

I. INTRODUCTION

Simulation is a common technique used in research to
study and design protocols. Once a protocol is developed,
its correctness is tested against real observations or
analytic models. When developing entire simulators,
comparisons with other simulators allow the users to
understand the behavioral differences between the
simulation models.

The comparison method generally consists in running
the simulators under test with the same input values. The
simulation outputs are then compared to identify the
special working properties of each simulator. The exact
nature of these characteristics is determined after
analyzing the software sources. The problems with this
method are the comparison of incomplete results in
different formats and the uncontrollability of the network
stack dynamic during simulations.

In this paper, we propose a new comparison method
allowing accurate and straightforward analysis of the
lower layers of the simulators. We apply it to the 802.11
implementation of Glomosim [1] and NS-2 [2]. As the
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method logs the entire execution of the MAC layer in a
standard format, the trace files contain both the normal
behaviours and the  simulator  characteristics
manifestations. With this method, the comparison
procedure is the following: when a difference is observed
in a frame exchange, the IEEE 802.11 standard [3] is
consulted to know which simulator is faulty. Several
mechanisms can be used to compare the logs. The tools
based on a generic display being the simplest to use, we
have extended the timeline representation [4] proposed
for NS-2 to Glomosim.

Our main contribution is the definition of a generic
comparison method, and a prototype implementation
called YAVISTA [5], allowing visual comparison of
different 802.11 models. We show how the behaviours of
Glomosim and NS-2, despite major modeling differences,
can be displayed in the same way and compared. Our
contributions also include the publication of the most
complete list to date of characteristics relative to NS-2
and Glomosim lower layers. The study particularly
reveals important differences between the number of
collisions / captures estimated by the two simulators.

The rest of this paper is organized as follows. Section 2
presents our generic visualization system. Section 3
compares the characteristics found out in Glomosim and
NS-2. Section 4 addresses related works. Section 5
concludes the paper and presents future works.

II. YAVISTA PROCESSING METHOD

YAVISTA is based on the XML [6] and SVG [7]
recommendations developed by the W3C to describe text
and graphic information. As shown in fig. 1, the
simulation events are initially logged using the XML
format. YAVISTA is a specialized tool transforming the
XML trace files into the SVG graphical format. The SVG
traces are then displayed with Inkscape [8] a free graphic
software.
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Figure 1. YAVISTA flow chart

A. XML and SVG Formatting

The simulations events are logged into individual
XML elements. As an example, the 'PHY TRANSMIT-
TING' XML element could be used to indicate a
transmission over the channel at the physical level. The
XML syntax has the advantage of being very close to
SVG, which greatly eases the conversion between both
formats.

The SVG transform is performed by a program that
translates each XML element into a SVG group
composed of a shape and a label. The transformation of
the 'PHY TRANSMITTING' XML element is illustrated
on fig. 2. The element is translated into a SVG group
containing a rectangle and a label. The XML attributes
'begin' and 'nid’ control the group position on the screen
through the SVG attribute 'translate'. The XML attribute
'event type' defines the stroke color to use.

<etat (begin="584")(nid="0)(duration="272 evtType ‘2>
PHY. SMITTING
</etat> N\ : XML
X

</g> <texty Q' fom -size="16pt'>PHY_TRANSMITTING</text>

SVG

Figure 2. XML to SVG element transformation

A packet exchange between stations A and B at the
physical level is represented in fig. 3.

PHYSTART

PHYSTART
O ERRGHR

PHY_TRANSMITTING

Figure 3. Graphic trace at the radio layer level
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For each station, the XML elements are displayed
along three lines, each line materializing the temporal
execution of a state machine - respectively from top to
bottom: the channel perception in reception, the channel
perception in transmission and the physical layer state.

B. Generic Representation of the 802.11 Operations

As each implementation has its own internal
representation, we must, to compare NS-2 and
Glomosim, define a generic declarative language able to
represent the whole list of actions performed by the DCF
(Distributed Coordination Function) protocol in the
simulators.

In this article, we call neutral language, a language
simple to understand and able to express the operations
carried out by a set E of simulators. We call neutral code,
an execution trace written in neutral language. The
neutral language elements proposed to represent the
MAC layer operations of the MANET simulators are
presented in tables I and II. This language has been
instrumented into the set E= {glomosim 2.03, NS-2.29,
NS-2.30}.

In tables I and II, the yellow elements are related to the
MAC’s view of the channel (software and physical
sensing), to the interframe and backoff waiting periods.
The blue elements concern the transmission operations
(transmission of an ACK, a RTS, a CTS or a data packet).
The red elements refer to the reception operations
(reception of an ACK, a RTS, a CTS a data frame, an
erroneous packet or a packet addressed to another
station). Finally, the grey eclements are additional
information which indicates when the backoff pauses and
resumes.

The start and duration settings of each XML element
must respect the DCF specification logic. As an example,
the MAC DATA operation must start with the
transmission of the first bit of the physical frame and end
with the transmission of the last bit. Table II describes the
XML attributes associated to each XML elements. As
table II shows, each XML element carries, in addition to
the ‘begin’ and ‘duration’ attributes, its own debugging
information.

Fig. 4 shows how YAVISTA standard output interface
is implemented within the MANET simulators. This one
is composed of a module dedicated to the PHY layer and
another to the MAC layer. Because of the coupling
between the MAC and PHY layers and the allocation of
the low level functions in both layers, the implementation
of the modules is distributed over all the radio interface.

MAC layer

Neutral langage
implementation

PHY layer

Neutral code (XML

Figure 4. Standard output interface implementation
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TABLE I. XML EVENTS DESCRIPTION

Event name Description of the event
CS_PHY Physical activity on the channel
CS_NAV Software activity on the channel
CS_DEFER IFS period
CS_BACKOFF Backoff period

MAC_ACK ACK transmission
MAC _RTS RTS transmission

MAC_CTS CTS transmission

MAC _DATA Data transmission

TX_WF

CTS, ACK or data waiting period

ACK reception

RTS reception

CTS reception

Data reception

The received frame is corrupted because of power loss or simultaneous transmission/reception

The received frame is dropped because it is not addressed to the station

START BO A new backoff is drawn
PAUSE BO The backoff counter has frozen
RESUME BO The backoff counter has restarted
TABLE II. XML EVENTS FORMAT
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CS PHY
CS_NAV
X X X X
CS_DEFER
CS_BACKOFF
MAC_ACK
MAC _RTS
X X X X X X X
MAC CTS
TX_WF
MAC DATA X x X x x x x x x x
X X X X X X
X X X X
START BO
PAUSE BO x x x x x X

RESUME BO

III. COMPARISON OF GLOMOSIM AND NS-2
CHARACTERISTICS
This section compares Glomosim 2.03 and NS-2.30
characteristics. NS-2 is one of the most popular
simulation environment used in academic research. It was
released in 1996. Wireless support has been added in
1997 in release 2.15. NS-2.30 has been published in
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September 2006. Glomosim is specifically tailored to
wireless systems. It was designed to be scalable to very
large networks. Its last version, Glomosim 2.03, was
published in 2002.

In the following experiments, the simulators are
compared using the same packet size, physical rate,
topology, transmit power, frequency band, propagation
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model and the same reception, sensitivity and capture
thresholds. The physical model used in Glomosim is the
SNR bounded packet reception model because it was
designed to yield the same results as NS-2. The
simulators are tested under symmetric channel conditions.
The simulators characteristics are classified into three
categories: simplification, error or standard interpretation.
The 802.11 standard clauses related to the involved
characteristics are provided simply for information.

A. Interpretations of the IEEE 802.11 Standard

The interpretations of the IEEE 802.11 standard are
listed in table III and discussed in the following sections.

TABLE III. INTERPRETATIONS OF THE IEEE 802.11 STANDARD

Ns-2 | Glomo 802.11 standard
clause
1) Char'mel access when y 9251
medium is free
2) EIFS use in case of PLCP y 9.2.34,
error pp391, pp460

1. Channel Access When Medium is Free

NS-2) When the medium is idle, a station must wait a
pre-backoff before transmitting, even if the backoff
procedure was already performed at the end of the
previous frame exchange. This pre-backoff procedure is
indicated by the CS BACKOFF event on fig. 5.a. It
includes one IFS period (CS DIFS) plus a random
number of backoff slots. The transmission operation is
indicated by the MAC DATA event.

STA

ransmission request arrival at MAC layer

MAC_DATA CBR 4/4:3->2

Pre-backoff

Figure 5.a. Access when medium is free (NS-2)

Glomosim) A closer interpretation of the standard, which
stipulates that medium access must be immediate if the
channel is free for greater than or equal to a DIFS period,
is given in fig. 5.b. The frame is transmitted
(MAC DATA) one IFS period (CS DIFS) after the
transmission request arrival. Note that if the channel is
sensed busy during the IFS period, the transmission is
retried one IFS after the channel comes back to idle.

START TX
ransmission request arrival at MAC layer

MAC_DATA CBR 0/0:3->2

S_DIFS

A——

&>

Delay until signal airborn

Figure 5.b Access when medium is free (Glomosim)
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2. EIFS Use in Case of PLCP Error

NS-2) When a station receives a partial frame without
PLCP header, it waits for an EIFS interval when the
medium becomes idle again. As the EIFS should only be
used after a correct PLCP acquisition this behaviour
doesn’t comply with the standard. Fig. 6.a illustrates this
phenomenon with overlapping transmissions and
receptions. Stations A and B are both in range. As B is
transmitting at the beginning of the reception of A’s
signal, it should not be able to acquire its PLCP header.
However, this doesn’t prevent station B from using the
EIFS interval (CS_EIFYS) at the end of A’s transmission.

ERER stafF RG0S
BAC_ DATA CBR 62/22:0->2 T WF

1 ——— M i
H%.H B’i START_BO[0/54<63] pESiM
' EIFS period

Figure 6.a. EIFS use in case of PLCP error (NS-2)

Glomosim) Contrary to NS-2, Glomosim conforms to the
standard because it doesn’t use the EIFS interval in this
case. The backoff procedure is performed at the ACK
timeout (7X_WF) expiration as illustrated in fig. 6.b.

%TA{RTFR& RESUME_B(
START_BO[OT3(
@ MAC_DATA CBR 12/12:0-52 TX_WF
B 2
L1

R
BT KX
ROP_ERROR TX

. TX WF

CS_PHY L

1 ————— L RRRARNRRRRAN

<
START_BO[(T19<63]

Figure 6.b. EIFS use in case of PLCP error (Glomosim)

B. System Simplifications
The system simplifications are presented in table IV
and detailed in the following sections.
TABLE IV. SYSTEM SIMPLIFICATIONS

NS-2| Glomo | 802.11 standard
clause
1) Station behaviour at startup X X pp338, pp457
2) RTS capture X N/A
3) Backoff countdown X 9.2.5.2
4) Capture model X X N/A

1. Station Behaviour at Startup

NS-2, Glomosim) When a station joins the channel, it
doesn’t perform the standard initialization procedure
which consists in waiting for an EIFS interval before
transmitting. Fig. 7.a shows how a station having pending
traffic to transmit at instant O, starts up on NS-2 and
Glomosim. The access procedure is the same as the one
described in section A.1.
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Boot time
STA

Boot time
2<31
JSTART X

i PHY

1us transport layer

. d

25 ps link layer delay
Figure 7.a. Startup phase under NS-2 (at left) and Glomosim (at right)

802.11 standard) On the other hand, fig. 7.b shows how
a station complying with the standard would behave. As
illustrated, such a station would wait for an EIFS
(CS_EIFS) plus a backoff period (as indicated by the
CS BACKOFF event).

Boot time
| RESUME BO [C/§]

MAC_DATA

CS_BACKOFF CS_PHY

Figure 7.b. Startup phase under the reference model

2. RTS Capture

NS-2) NS-2 does not display capture behaviour if a
collision occurs between two RTS packets. In fig. 8.a,
stations A and B communicate with station C by using
the RTS/CTS mechanism. Two RTS are transmitted and
collide at node C. Because of the proximity of stations B
and C, the frame from station B is correctly received
(RECV_RTS OCAPTURED) and the one of node A is
ignored (DROP_ERROR COLL). But although station C
correctly decodes the RTS from station B and medium is
idle, C does not reply with a CTS. The reason is that
station C must wait the entire completion of the EIFS —
started following the collision - before it can transmit. As
the EIFS is still not completed at the CTS transmission
start time, the CTS response is never sent in this case'.

SR
—

TX_WF

© i :

CS_EIFS

start_sojofiEYf-BOI0/8<63]

Cs_DIfs,,

START_BOIORBSGAL mojoro<sa)

ROP_ERROR TX

Capture of B’s packet
k2 Medium locked by EIFS

\

Theoretical instant of CTS transmission
Figure 8.a. Lack of RTS capture (NS-2)

" The consequences of this phenomenon are studied in [9]
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Glomosim) Contrary to NS-2, under Glomosim, station B
doesn’t abort the RTS procedure as fig. 8.b shows.

gm}& START RX START RX START BX
RECY NOT DEST RECY NOT DEST
- - - - BECV_NOT DEST
m 1 1
@ MAC_RTS
5 N
1o e —
ggr START RX DIECUE
ROP_ERROR TX RECV_ACK
1 1
. TH_WF MAC_DATA CBR 10/10:1->2 TX_WF
L — e —
(“;FIY CS_PHY i: ii’
_i?;ﬂﬁx ' LS

RECV DATA

|
TX_WF

@ b o
e am— T — L —
Figure 8.b. RTS capture (Glomosim)

3. Backoff Countdown

The backoff countdown brings into play the
propagation time over the medium and the receive-to-
transmit turnaround time. The way these elements are
taken into account has given rise to two different models:
discrete (NS-2) and continuous (Glomosim).

NS-2) Under NS, when a frame is transmitted on the
medium, all the network stations decrement their backoff
by the same number of slots. The proof is geometric: Let
B be the station having transmitted the last frame, C the
station having transmitted the next to last frame and A a
lambda station. Let N, and Np be the remaining number
of backoff slots of stations A and B before B’s
transmission (Ng < N,). The propagation times tac, tap et
tgc between the three stations are represented on fig. 9. A,
B and C are within transmission range of each other.

Figure 9. Propagatlon times over the network

Simple geometric reasoning shows that if B waits
Tp=Ng*SlotTime before transmitting, then station A will
sense the medium idle for:

TA = NB*SIOtTIme + tecg T taB - tACZ

If tcg + tap - tac <O, station A waits less than Ny slots.
This causes NS-2 to decrement N, by Np-1 slots only.
Otherwise, N, is decremented by Np slots. The proof of
the lemma relies on the fact that tcg + tap - tac is always
positive. Unfortunately, when A, B and C are aligned or
when B and C are the same station, the lack of precision
of the FPU (Floating Point Unit) in T, calculation at the
backoff timer interruption skews the results (as illustrated
in fig. 10.a). In this case, the number of slots to
decrement by (Ng-1 or Np) is random and the number of
collisions /captures underestimated compared to theory

2 NS doesn’t consider the receive to transmit turnaround time
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(in theory a collision/capture occurs if A and B transmit
in the same slot, that is to say if | Na-Ng | =0).

START RX
PAUSE_BO[0/14<31]

: sTARF BOIEERIgq <31
@ | RECY_NOT DEST

! Ng-1=0 slot waited

. |
_PHY
Next to last RE%"AE-F—R(OBM‘ﬂ] Lt
. t
fra“?e Ng=1 slot waited ast trame
transmitted ' transmitted
(DATA)

CS_DIE

Figure 10.a. Backoff countdown when C and B are the same
node (NS-2)

Glomosim) Under Glomosim, two major elements rule
the backoff countdown:

a) there is an irreversible time A of 5 psec between the
moment when a station decides to transmit a RTS or a
data packet’ and the moment when the first bits of the
frame are actually transmitted on the medium.

b) when a frame is sensed on the medium, each station
decrement its backoff by the time the medium has been
sensed idle. A geometric reasoning shows that if station B
waits Tg=Sg before transmitting4, station A will sense the
medium idle for:

Ta=Sg+tcp+ tag-tac TA°

Owing to the fact that T, and Tp are real, the stations
backoff are not synchronized and expire at time instants
approximately multiple of A. A collision/ capture occurs
between stations A and B if S, and S expire within an
interval of A. Thus, if A and B transmit in the same slot,
the collision/capture probability between stations A and B
roughly equals:

p=—22  _4s
SlotTime

Because of the backoffs desynchronization, this model
produces on average twice less collisions/captures than
NS-2 when the medium reaches saturation capacity. Fig.
10.b shows the evolution of three backoff counters
between the transmission of an ACK and the next data
frame. Desynchronization manifests itself by the fact that
the slot boundaries of the different stations do not exactly
correspond.

The result is confirmed by experimental
measurements. Fig. 11 shows the probability of collision
under NS-2 and Glomosim. The graphs are obtained by
averaging the results of 9 simulations using 3 different

3 belonging to a DATA/ACK or DATA sequence
4 Sg is the backoff value in sec
3 See the NS-2) subsection for the definition of tcp, tag and tac
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topologies’ and 3 different RNG (random number
generator) seeds. A collision is counted each time a
transmitted packet does not receive an acknowledgment.
The confidence intervals are stated at the 95% level. The
MAC PDUs size is set to 76 bytes and the physical rate to
2Mbits/sec. The experiment conditions are the same as in
[9]: all nodes are in range, there is no noise, the saturation
limit is reached and the load is balanced. Each run lasts
10 sec with the first 5 sec of transient behavior ignored.

RESUME_BO[0/2<31]
START RX START

RECV_ACK

A period

EEREECEVE_EDE%I'IE e

MAC_ACK
I

TART RX PAU BO[4/14 23]
S ESHMERBG[? %

SECVANDISDEST) ECV_NOT_DEST Slot
l ! boundaries
@ L /
[l
Cs EI‘\ECS_PHY
Figure 10.b. Backoff countdown (Glomosim)
04
0,35 AJ_
S 0,3 %
o
3 025 T
s o
S 02
£ /‘76/ /
= 0,15 NS-2 —
RS
S 0l Glomosim |—
o
0,05 7#1 I =& Theory
0 ; ; ; ; .

0 5 10 15 20 25
Number of nodes

Figure 11. Comparison of the collision probability between NS-2,
Glomosim and theory [9]

4. Capture Model

Glomosim and NS-2 don’t use the same capture
model. As fig. 11 shows, the two simulators only behave
the same when the power ratio between the new and the
old packet belongs to the interval [0.1-10]".

SA topology corresponds to the random placement of nodes in 1 meter
square. Because of the stations’ proximity in this area, the power ratio
of the packets transmitted simultaneously is generally close to 1. As a
matter of fact, the two simulators’ capture model acts the same way and
concludes to the loss of the two packets. This configuration also limits
the use of the EIFS interframe.

7 We assume that the capture threshold is set to 10
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A Power ratio Ppew/Pog
a) Decode the new packet
b) Drop the old packet
IFS=DIF
o IFs S a) Drop the two packets
b) IFS=EIFS
0 @
a) Drop the two packets
b) IFS=EIFS @
01 @
a) Continue to decode old packet | a) Continue to decode old packet
b) Drop the new packet b) Drop the new packet
c) IFS=DIFS c) IFS=EIFS
ol G ®
Glomosim NS-2

Figure 12. NS-2 and Glomosim capture behaviour in function of the
received packets power ratio

Moreover in certain cases, Glomosim and NS-2
present important simplifications as explained below.

Glomosim) In cases 1 and 3, if the packet that finishes
last is dropped, the MAC view of the channel directly
returns to idle state at the end of the reception of the
captured packet. Fig. 13.a and 13.b show two capture
scenarios corresponding to cases 1 and 3.

START RX

R
@ et
e

START TX

START TX. STARTRX
RECV_NOT_DE
MAC_DATA CBR 0/0:1->-1
st
I i — i

START RX ﬁSH‘ME_EO 0/23<31]

START_BO[0/23<31]STA|

DROP_ERROR

MAC_DATA CBI

]
FE bt —
Medium sensed idle
Figure 13.a. Capture (Glomosim) (case 1)
START TX START RX
e

Cﬂb
-
START RX
RECV_NOT_DEST

START TX

MAC_DATA CER 0/0:1->-1

i

O At

MAC_DATA CBR |

——
P e ———

4
Medium sensed idle

Figure 13.b. Capture (Glomosim) (case 3)

NS-2) In case 5, the EIFS interval could be misused if the
new packet ends before the captured packet. Indeed, in
this case, the EIFS is started at time t, (end of the new
frame) instead of time t; (end of theoretical carrier
sensing). Fig. 13.c shows how two packets broadcasted
by stations A and B are handled by station C.
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@ srlmm
1
CS_PHY {ES_DIFS,
ST hbib <1 Rl 1% 7 e
1
' '
MAC_DATA CBR 0/0:1->-1 (L L ]
] !
K 1

s1mi_émféu I : STARE

EE&:D’?T& OCAPTURED

Capture of A’s packet : I

Figure 13.c. Capture model (NS-2)
C. Modeling Errors
The modeling errors are presented in table V and
discussed in the following sections.
TABLE V. MODELING ERRORS

NS-2 | Glomo | 802.11 standard
clause
1) Backoff handhng when the « 9252
MAC queue is empty
2) IFS duration X X 9.2.10
3) EIFS synchronization « « 9234
procedure
4) Frame exchange perturbation 9.2.5.2
5) EIFS reset 9.2.5.1

1. Backoff Handling when the MAC Queue is Empty

Glomosim) Glomosim does not perform the backoff
procedure at the end of a transmission if the MAC queue
has no more packets to deliver. Fig. 14.a shows how
Glomosim behaves when a transmission request comes in
whereas the MAC queue is empty. Let us observe the end
of the first transmission. It is not followed by a backoff
interval and the next packet to come is transmitted
directly after a DIFS interval (as indicated by the
CS DIFS event).

Transmission request arrivals at MAC layer

/\ART RX
TXWF ~
€S _PHY ICS_PHY Ci PHY

Figure 14.a. Backoff handling (Glomosim)

START TX START TX

NS-2) Fig. 13.b repeats the same experiment under NS-2.
As depicted, NS draws a new backoff value after the end
of the first frame transmission.

Transmission request arrivals at MAC layer

R el o PR PR

MAC_DATA CBR, 3/33:0->1

ﬂ_ﬁunnn_ Iii— (71111 ﬁﬁ[_

Figure 14.b. Backoff handling under (NS-2)

This dysfunction particularly impacts the estimation
of the maximum throughput of a MANET network
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composed of one CBR sender (node A) and one receiver
(node B). The physical rate is set to 2Mbits/sec. Each
simulation is repeated three times. We measure A’s
throughput for different CBR period. The maximum
capacity returned by NS-2 and Glomosim differs from
29% when the MAC PDUs size equals 126 bytes. The
worst case scenario corresponds to the minimal MPDU
size (76 bytes) that can be set in both simulators. In this
case, the difference reaches 36% as shown in fig. 15. The
discontinuity in the Glomosim performance curve is due
to the difference of behavior depending whether the
queue is empty or not.

Glomo’s queue
always empty

< >

Glomo’s queue
not always empty
. r 1400

——Glomosim 2.03 r 1200

—8—NS-2.30 + 1000

- 800
t 600

Glomo maximum
capacity estimation

t 400
t 200

Sender throughput(packets)

0,0035 0003 0,005 0002 0,0015 0001 0,005 0
Packet generation interval (sec)

Figure 15. Comparison of maximum communication throughput (MAC
PDU size=76 bytes)

2. IFS Duration

Glomosim) In the IEEE 802.11 standard, the EIFS and
DIFS durations are set to 364 us and 50 ps. However,
under Glomosim, the EIFS interval is set to 412 us (see
fig. 16.a) and the DIFS to 45 ps (=50-A).

START RX

CS_EIFS

EIFS (412ps)
Figure 16.a. EIFS duration (Glomosim)

NS-2) Upon the reception of an erroneous frame, a
station waits for a DIFS period in addition to the EIFS
interval before counting down its backoff timer. It results
that the EIFS duration is 50us too long under NS-2. Fig.
16.b shows the decoding of an erroneous signal (as
indicated by the DROP _ERROR label). As we can see,
the station waits a DIFS in addition to the EIFS following
the reception of the frame.

START BO[0/22<31] STA

DROP_ERROR POWER -

(ARENNRRRRNRAT]

EIFS (364ps) DIFS (50 ps)

Figure 16.b. EIFS duration (NS-2)
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3. EIFS Synchronization Procedure

NS-2) Under NS-2, a station which correctly decodes a
frame during the EIFS interval, does not resynchronize.
As fig. 17.a shows, station B only achieves to decode the
acknowledgment of a DATA/ACK exchange. B performs
the backoff procedure following this exchange. But as we
observe, the beginning of this procedure is not
synchronized with the end of the ACK frame. Indeed,
NS-2 forces the station to wait the entire completion of
the EIFS - started following the reception of the DATA
packet - before it starts its backoff.

START RX
RECV_DATA

| - NS-2
® R o
Cs.§ . e
_smmx—ﬂgmx_smg:anmzzm&mn
%%

Theoretical resynchro —
w‘fﬂ A

Figure 17.a. EIFS synchronization procedure (NS -2)

Glomosim) Fig. 17.b repeats the same experiment under
Glomosim. As station B doesn’t succeed in decoding the
DATA frame of the DATA/ACK exchange, it sets its IFS
timer to EIFS at the end of the DATA reception (as
indicated by the CS_EIFS event). But as the ACK part of
the frame exchange is correctly decoded, the IFS timer is
reset to DIFS and the general backoff procedure restarts
at the end of the ACK reception.

__START RX
RECV_DATA
| ]

e —— (L —

E%HEW[19330<31] START RX

RECV_NOT_DEST

| —

RESUME_BO

IFS reset to DIFS

Figure 17.b. EIFS synchronization procedure (Glomosim)

4. Frame Exchange Perturbation

Glomosim) When a station receives a packet not
addressed to itself during one of its own frame exchange,
the collision process which follows may differ from the
standard®. Two case examples underlining this behaviour
are presented on fig. 18. In both cases, station A performs
its retransmission without drawing a new backoff
interval.

% This problem concerns both RTS/CTS/DATA/ACK and DATA/ACK
exchanges. For it to occur at 2 Mbps, the length of the packets generated
by the source stations must not differ for more than 3 bytes. If not,
Glomosim behaves correctly.
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In case 1, stations A and B transmit simultaneously a
data frame to C. As station C is closer from B than from
A, B’s packet is captured and A’s one is lost, C only
acknowledges B and A only hears B> ACK.

In case 2, B transmits towards B’ and A towards A’.
As A’ and A are not in range, A only hears the ACK
frame sent to B.

& <—100m—» & «—30m—» &
B C A

B
1371 4—100m—>& 47500m—>&
8 ’ :
-
Figure 18. Scenarios used to test simultaneous transmissions
Fig. 19.a illustrates case 1 with a DATA/ACK
sequence. As we can see, upon the reception of the ACK
frame addressed to B, A immediately retransmits its
frame without performing the backoff procedure.

staff R ™ S —
e

@ e ——
ci PHY i i ﬁfpm

5T

STARTTX

START RX

FEQQN-DL_DEE

START RX.
DROP_ERROR TX RECV_ACK

I ]

MAC_DATA CBR 0/0:1->2

CS_PHY

e —
e EEE——
o ' START RX

START RX

Eﬁ? iiﬁii iﬁﬁ RECV_DATA
@ MAC ACK

—
S _PHY C5_SIF

Figure 19.a. Frame exchange perturbation (Glomosim)

NS-2) Contrary to Glomosim, under NS-2, station A
correctly restarts the backoff procedure as shown in fig.
19.b.

SPART &% start_gooBE2RIf-C

e — 05—

TX_WF

®cs_pnv c: ii_;i CS_DIFS. , ,

SfART B RT RX STARTBO/ RS Me 8o

ECV_ACK

START RX

Figure 19.b. Frame exchange perturbation (NS-2)
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5. IFS Reset

Glomosim) According to the standard, the EIFS interval
is used when the immediately preceding medium-busy
event was caused by detection of a frame that was not
received correctly. However, under Glomosim, when a
STA receives a corrupted frame, it continues to use the
EIFS interval instead of the DIFS’one until a correct
frame is received. This phenomenon is depicted in fig.
20.a. The CS _EIFS event materializes the EIFS interval.
The first EIFS complies with the standard because it
follows the reception of an ACK frame that didn’t lead to
correct reception. But that’s not true for the second EIFS
which is just a resurgence of the first one.

EIFS resurgence

First EIFS

Figure 20.a. EIFS reset (Glomosim)

NS-2) Fig. 20.b displays the same experiment on NS-2.
As we can see, the station correctly uses the DIFS
interval at the end of the ACK waiting period (TX_WF).

AN Mhemnisenn  sediife 108110127 S Sbdlie mo
[ -.i'i..l anet s
e 5 Ews cx AR 3 b,
T E—— T-l‘:{_‘Lu_Ll
DIFS reuse

Figure 20.b. EIFS reset (NS-2)

IV. RELATED WORKS

Although simulators comparison has been recognized
as a powerful protocol validation technique [11], its
application is difficult because the simulators behaviour
(except NS-2’s [4]) is not well known. As a consequence,
new questions are regularly rising [12].

Most of comparisons concern the measure of the
impact of the simulators characteristics on global
performance. Takai et al. [13] compared Glomosim with
NS-2 to validate Glomosim. They identified two factors
at the physical layer relevant to the performance
evaluation of higher layer protocols: the physical
preamble transmission rate and the noise computation.
While the first factor has been corrected in NS-2.25, we
have specially used the SNR bounded packet reception
model to neutralize the interference computation feature.
Cavin et al. [14] compared the simulation results of NS-2,
Glomosim and OPNET. Although they underline
significant divergences between the results, no
investigation has been done to explain them. The MAC
and PHY layer were however suspected to behave
differently due to the specific level of details considered
at the radio layer and the probable existence of non
compliances with the DCF protocol. Reedy et al. [15]
compared the outputs of NS-2, Glomosim and GTNetS.
Several differences were established between Glomosim
and NS-2: the absence of ARP protocol, LLC/SNAP
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header and pre-backoff in Glomosim and the difference
between the transmission rate of the control frames in the
two simulators. While the pre-backoff procedure has been
described in this paper, we consider the other aspects
more as general recommendations to follow when
configuring the simulators’, rather than hard coded
characteristics of the MAC and PHY layers.

The major drawback of these works is to rely on very
large topology for the effects of the simulators
characteristics to manifest on the results. Our comparison
method being more accurate, we only need to test a
limited number of predefined scenarios with at most five
nodes for all the characteristics to appear.

V. CONCLUSION

This paper has proposed a generic framework called
YAVISTA and a new method to visually compare 802.11
simulators. As summarized in fig. 21, YAVISTA has
allowed to find out and to illustrate eleven different
behaviours between the MAC and PHY layers of NS-2
and Glomosim.

NS-2.30

Standard interpretations

nnel access when
edium is free
EIFS use in
PLCP

Glomosim-2.03

Standard interpretations

nnel access when
edium is free
EIFS use in
PLCP

Figure 21. NS-2 and Glomosim characteristics (characteristics are
marked with peripheral points)

? Note that the basic rate set used to transmit the control frames is not
specified in the standard and may also include 5.5 and 11 Mbps
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Our observations show in particular how a priori
benign simplifications such as ‘backoff countdown’ can
impact the results.

In future works, we plan to identify the worst case
scenarios corresponding to each characteristic and to
measure their impact on higher layers. An extended
framework allowing data analysis and validation of a
wider choice of simulators will also be proposed.
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