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ABSTRACT 

The objective of this paper is to compare the per
formance of the two recommended recovery options of 
the data link control procedure HDLC, balanced mode 
of operation (ABM). The reject (REJ) -recovery 
solicits the transmitter to go back to an already 
transmitted frame (which has been disturbed) and to 
start retransmitting sequentially at the requested 
I-frame. The selective reject (SREJ) -recovery, on 
the contrary, solicits the transmitter to retransmit 
only the disturbed I-frame. To obtain an accurate 
account of the performance of the REJ- and SREJ
option, the approach taken is a detailed simulation 
of the data link. The performance of the full duplex 
channel is measured in terms of 

the maximum throughput to be achieved over 
a point-to-point link and 
the mean transfer time for messages 

both as a function of several essential parameters. 
Therefore, some conclusions can be drawn from this 
study in which cases the SREJ-recovery improves the 
performance of a HDLC-link. 

1. INTRODUCTION 

Within the last years the High-level Data Link Con-

In this section, we briefly describe the operation 
of a full-duplex data link under HDLC, balanced 
class of procedures. For an example of operation, 
the sequences are illustrated in Fig.1 and 2 with 
tl1e aid of commonly used diagrams, e.g., the line 
labelled A to B describes frames transmitted from 
station A to station B. The sequence is marked 
by the send sequence number N(S) and the receive 
sequence number N(R), respectively. 

1.1 REJ-Recovery 

A frame received in error is simply discarded by 
the receiver without any further action. If the 
frame is an I-frame, the error will manifest itself 
later in the form of a sequence-error or it will be 
detected by means of time-out or checkpointing. 
Upon detection of a sequence-error, the REJ command/ 
response is used to initiate the retransmission of 
the erroneous I-frame and all subsequently trans
mitted frames. Fig.1 shows an example of REJ-re-

A toB 
1,0,0 1,1,0 1,5,0 

time 

trol procedure (HDLC) has been subject of several B toA 
studies and a number of performance investigations 
have been published /1 - 3/. The HDLC documents 
provide several options to improve the performance 
of a so controlled data link. For an advanced re
transmission of an erroneous I-frame the reject (REJ)-
and selective reject (SREJ)- option are proposed. 
Almost all investigations and implementations are 
based on the REJ-recovery, but the SREJ-recovery, 
due to the greater complexity, only emerges rarely. 
At the Institute of Switching and Data Technics of 
the University of Stuttgart a detailed simulation-
program has been developed to simulate a data link, 
controlled by HDLC - ABM (Asynchronous Balanced 
Mode) and using REJ- or SREJ-recovery. 
Our descriptions are confined to the topics that are 
important for our simulation and the interpretation 
of the results. The reader who is not familiar with 
the details of HDLC is referred to the HDLC-docu
ments, see /4 - 5/, resp. sooner publications /1 - 3/. 
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Fig .,l: Example of HDLC-balanced operation -
transmission error recovered by REJ
function 
(tp = propagation and processing delay) 

covery: The I-frame with N(S)=2 is received in 
error and, therefore, discarded by station B. When 
station B receives the next errorless I-frame, e.g. 
the frame with N(S)=3, it informs station A of the 
sequence-error by using a REJ-frame with N(R)=2. 
Upon receipt of the REJ-frame, station A retransmits 
the requested I-frame with N(S)=2 plus all additi
onal I-frames which have been subsequently trans
mitted (I-frames with N(S)=3, 4, 5, 6). Therefore, 
station B accepts only I-frames received in se-
quence. 
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1.3 SREJ-Recovery 

To avoid retransmission of correct I-frames follow
ing a disturbed one, HDLC provides the optional 
selective-reject (SREJ) function, where only the 
disturbed I-frame has to be transmitted. The sub
sequently transmitted I-frames, received without 
an error, but not in sequence, are not discarded. 
They queue up at the receiver, and they are sequen
tially ordered together with the single retrans
mitted frame. The subsequently transmitted frames 
cannot be acknowledged before the selectively re
transmitted frame has been received correctly. 

A to B 1,0,0 l.1.0 

Bto A 
1.0,0 I.1.0 I.2 ,1 1.3,2 1,1. ,2 1.5,2 1,6,2 1,7,2 1,0,7 

SREJ,2 

time -
Fig.2: Example of HDLC-balanced operation-trans

mission error recovered by SREJ-function 

Fig.2 shows the same example of information ex
change. NOw, however, station B uses a SREJ-frame 
to initiate the retransmission only for the dis
turbed I-frame with N(S)=2. The I-frames with N(S)= 
3, 4, 5 and 6 queue up, and after receiving the 
correct I-frame with N(S)=2 all frames up to N(S)= 6 
are acknowledged (with the frame 1,0,7 from 
station B. 
As mentioned above,the performance of the SREJ-re
covery option has been investigated only a few 
times. J.Peters demonstrates calculation and simu
lation of the SREJ-recovery in /6/ under the sim
plifying assumption that no restrictions are im
posed on the modulus numbering (window-mechanism). 
M.Easton's results in /7/ depend on similar assump
tions: no limitation by the modulus-numbering, no 
errors in the I-frame requested with a SREJ- or 
REJ-frame and, therefore, no checkpointing, resp. 
P/F-recovery is necessary. 
In order to obtain accurate and reliable performance 
results, all mechanisms of the procedure (apart from 
the initialization) have been implemented in full 
detail in an event-by-event simulation-program. Such 
details, for example, are modulo-numbering, REJ-, 
respectively SREJ-recovery or checkpointing with 
P/F-bit recovery as defined in the HDLC-documents. 

In the next chapter we present our queueing model 
and the assumptions for implementing the procedures. 
In chapter 3 several simulation results are shown, 
all comparing REJ-recovery with SREJ-recovery on 
different links and as a function of several para
meters. 

2. MODELLING AND SIMULATION 

The presupposition for simulating the HDLC-data 
link is a detailed model. Fig.3 shows the structure 
of this queueing model. Two identical stations are 
connected by a full-duplex circuit. This link is 
controlled by HDLC, balanced class of procedures, 
including either the optional function REJ or the 
function SREJ. 
Messages to be transmitted from station A to sta-
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Fig.3: Model of the FDX-data-link 
operating under HDLC-ABM 

tion B or vice versa are stored in the send-queue 
of the sending station. The message will be lost if 
every place in the queue is occupied. The messages 
are transmitted according to first-come, first
served, one message per I-frame. A copy of every 
message sent will be stored in the repeat-queue for 
possible retransmission. They are cancelled as soon 
as the acknowledgement is received. The arrival
process of the messages is defined by the inter
arrival-time and its distribution-function. Simila~ 
ly, the message length 1 may be constant or random
ly distributed by a given function. 
The transmission channels are characterized by 
their transmission rate v, the one-way propagation 
delay tp (including the processing delay of trans
mitter and receiver) and the probability of errors. 
We assume that every error in a frame is detected 
by the frame-checking-sequence, and thus, the frame 
is discarded by the receiver. Every correctly re
ceived I-frame is acknowledged as soon as possible 
either by an I-frame or (if there are no messages 
to transmit in this direction) by a receive-ready 
(RR) frame. 
The queueing time of the receive-queue has been 
assumed zero, and, therefore, the receive-queue 
does not have any impact on throughput and delay. 

The two stations are identical and the link has a 
symmetrical structure. 
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Besides the general description of the handling of 
the P-bit in case of balanced mode of operation 
(ABM) there is still no recommendation about the 
definite time schedule it has to be sent. Further
more, HOLC does not specify how the timer should be 
handled. For our implementation we adopted the 
following rules: 

1) P- and F-bit are not transmitted with I-frames. 
Only S-frames are used to set P- or F-bit to one. 
S-frames envelope 48 or 56 bit and therefore, 
the frame-error-probability is naturally low. 

2) The timer is started every time an S-frame with 
P-bit set to one is sent (still waiting for the 
F-bit) . 

3) The timer is stopped when the F-bit is received. 
4) If the timer is stopped or expirated, as soon as 

possible a S-frame with the P-bit set to one is 
issued and accordingly checkpointing is initiated. 

5) The minimal duration of a time-out has been 
evaluated by 

tout min > 2 tp + tI + ts 
't = propagation and processing delay 
ti maximum transmission time of an I-frame 
ts transmission time of as-frame. 

3 

For best studying the influence of REJ- and SREJ
option we simulated the HOLC-ABM controlled link 
using either only REJ-recovery or only SREJ-recovery. 
While using the SREJ-option, only selected retrans
mission (the single, disturbed I-frame) was executed, 
even as a result of checkpointing. 
All the following results have been simulated due 
to these rules. 
The assumption for our simulation model is that 
the link has already been initialized. 
In all simulations presented in this paper we have 
assumed independent bit-errors only. 

~----------------------Tb 

~-------Tf 

Ta 

EVENTS 
t1 Message arrived at send-queue 
t2 Arrival of the next message 
t3 I-frame sent for the first time 
t4 I-frame received correctly 
t5 I-frame acknowledged at the transmitter. 

MEASUREO TIMES 
ta Inter-arrival time 
tw Waiting time for first service 
t f Transfer time 
tb Buffer-holding time 

Fig.4: Definition of the measured times 

As already pointed out, the parameters describing 
the stations, the channel and the messages can be 
chosen arbitrarily. Message length, the time between 
two message arrivals and the time interval of the 
errors may be constant or randomly distributed acc
ording to ~e fo~~owing options: negative exponentia~ 
Erlangian with order K or hyperexponential distrib
ution function with a given coefficient of variation. 

The quantities measured during the simulation are: 
probability of loss (arriving messages) 
throughput of the information 
total channel load 
transfer time 
queue length at send-queue 
buffer-holding time at send-queue 

Fig.4 shows the definition of some interesting 
measured times. 

3. RESULTS 

This is the main section of the paper in which 
typical performance results for the two HOLC re
covery options, REJ and SREJ will be discussed. All 
results showing the simulation of REJ-recovery are 
marked by a triangle and bold lines, the results of 
SREJ-recovery simulations by a cross and dashed line. 
In case of no visible distinction between SREJ- and 
REJ-recovery results, only the triangle has been 
drawn. 
Since the link configuration in ABM and the offered 
load are symmetrical, we need to consider one direc
tion of the link, only. Here, we evaluated the di
rection from station A to station B. The results for 
the other direction are quite similar. 
We distinguish between two main categories of re
sults: maximum throughput and mean transfer time. 

3.1 Throughput Results 

In this case we determine the maximum number of 
information bits transmitted in one direction of 
the link, presuming that both stations have infor
mation to send any time (saturated traffic/satur
ated message queues) . 

3.1.1 Throughput vs Message Length 

The diagrams below show the typical results for 
the maximum throughput of information as a function 
of message length, i.e. the length of the informa
tion field of the I-frames. 
The throughput results are in agreement with the 
general behavior of a link-controlled procedure 
employing an error-detection and retransmission 
scheme: 

- maximum throughput of information bits in any 
case has an upper bound given by the ratio of 
I-field length to total I-frame length. Each 
I-frame carries a fixed amount of overhead bits 
for flags, address, control, and FCS-fields (the 
same number of bits as as-frame). Hence, the 
throughput must decrease for very short messages. 

- On the other side, the block error probability PB 
of the I-frame increases with growing frame length 
according to: 

with 11 
lS 

number of information bits 
number of supervisory bits 
(48 if MOO=8, 56 if MOO=128) 

Therefore, the fraction of error-free, i.e. useful 
transmission, decreases. 
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Fig.5: Throughput versus message length 
transmission rate v = 4.8kbit/s; 48kbit/s 

Fig.5 shows the throughput efficiency on a terres
trial link (t = 50 ms). The behavior of the curves 
for v = 4.8 kEit/S is according to the two rules 
mentioned above; increasing overhead for shorter 
messages, increasing block error probability for 
longer messages. An additional characteristic -
distinct in particular for v = 48 kbit/s - is the 
impact of the modulus-numbering, causing a drastic 
throughput degradation for shorter message lengths. 
Each station has to stop sending further I-frames, 
if modulus -1 I-frames are outstanding simultane
ously. Up to 1000 bit message lenghts this ' limi
tation by modulo-numbering is the dominating fac
tGr. There is no difference between REJ- or SREJ
recovery. Using REJ-recovery, the station is allowed 
to repeat up to modulo -1 unacknowledged frames. On 
the other hand, using SREJ-recovery only the dist
urbed frame is retransmitted, but the station has 
to wait for the acknowledgement of this retrans
mitted frame. Therefore, while the impact of mo
dulus-numbering is dominant no improvement is poss
ible by using the SREJ-option! 
For message lengths greater than 1000 bit the use 
of SREJ-recovery may be appropriate, especially 
while using v = 48 kbit/s. 
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Fig.6: Throughput versus message length 
transmission rate v = 4.8 kbit/s; 48 kbit/s 
message length neg.exp.distributed(truncated) 
max.message length = 10 mean message length 

Fig.6 shows simulation results of the same link as 
before, but with truncated neg.exp. distributed 
message lengths. The behavior of the curves is qui te 
similar to Fig.5, but now the fluctuating message 
length does not cause so distinct effects as in 
Fig.5. 
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Fig.7: Throughput versus message length 
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The explanation of the throughput behavior of a 
satellite link in Fig.7 is virtually the same. Two 
bit-error probabilities are considered, 10-7 and 
10-5 , where Pbit = 10-5 may be caused by a poor 
terrestrial extension of the satellite channels. 
The impact of modulus is, of course more distinct 
due to the long propagation delay of the satellite 
channel. Using a modulus value of 8, the impact of 
the window mechanism ranges up to a message length 
of 7000 bit. Increasing the modulus value from 8 to 
128 yields a substantial improvement of the through
put. Besides this, on a channel with a bit-error 
probability Pbit = 10-7 the employment of SREJ-re
covery does not lead to a higher throughput. On the 
contrary, the throughput of a "bad" link with 
Pbit = 10-5 increases in a significant way using 
SREJ-recovery. This effect is obviously to explain 
by means of Fig.8 and 9. 

3.1.2 Throughput versus Propagation Delay 

In Fig.8 the throughput is drawn as a function of 
propagation and processing delay relative to the 
I-frame transmission time (here: 22ms). 
For reasons of clarity the length of the S-frame is 
constant at 56 bits in Fig.8 and 9, irrespective of 
the modulus value employed. The graph for a link 
without errors (PB = 0.00) shows the impact of the 
window mechanism: with growing propagation delay 
the throughput decreases in a very evident manner. 
The critical delay is about 2 tp/tI and for longer 
delays there is no difference between REJ- and SREJ
recovery, not even at higher error-probability. 
Only for very short delays and a relatively high 
frame-error probability the SREJ-option increases 
the throughput. 
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Fig.9: Throughput versus propagation and proc.delay 
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In Fig.9 the curve of Fig.8 with PB = 0.05 and 
modulus = 8 appears again. But without the window 
limitation (modulo = 128) there is a very important 
difference between REJ and SREJ. Using the SREJ
option and modulus extended to 128, the throughput 
is at a very high level up to 10 ~/tI' Operating 
with REJ-re covery the throughput drops nearly con
stantly with growi ng delay. This effect is based on 
the increasing time a recovery needs on the link 
with increasing delay. In the case of REJ usage a 
large number of error-free transmitted I-frames have 
to be retransmitted after a single disturbed frame. 

3.2 Transfer Time Results 

Here we consider the case where the channels are 
only loaded to a fraction of their full capacity to 
guarantee finite delay. Interesting performance 
measures in this case are mean transfer time and 
mean buffer-holding time. The transfer time is de
fined as the time interval from the arrival of a 
message at one station until its successful recep
tion at the other station. The buffer-holding time 
is the interval between the arrival of a message at 
a station and the reception of an acknowledgement 
for this message. This means that the transfer time 
includes queuei ng, transmission, processing and 
propagation times, as well as possible additional 
delays caused by retransmissions. The buffer-hold
ing time comprises the transfer plus the acknowledge
ment time of a message (c.f. Fig.4). 

3.2.1 Transfer Time versus Useful Channel Load 

In the following examples we again assume symme
trical traffic configuration, i.e. the traffic in 
both directions is equal. 

Fig.l0 shows for a constant message length of 
5000 bit the mean transfer time as a function of 
the use ful channel load which is defined as the 
ratio of throughput of information bits per time
unit a nd the transmission rate. In case of low 
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Fig. 10: Mean Transfer Time versus Useful 
Channel Load 
PB = 0.01; 0.05 
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frame error probability (PB = 0.01) the use of 
SREJ-recovery saves only little time. On the other 
side, the link with PB = 0.05 and REJ-recovery has 
a distinct increasing transfer time with increasing 
channel load. The maximum throughput of this link 
with REJ-recovery is nearly reached, and thus, the 
waiting times for the first service increases, too 
(c.f. Fig.ll, mean buffer-holding time for the same 
link) . 
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Fig.ll: Mean buffer-holding time versus useful 
ch annel load 
PB = 0.01; 0.05 

In the next diagram the same link is simulated 
again, but now the message length is randomly di
stributed. As the maximum throughput is lower 
(c.f. Fig.6) the transfer time rises in an evident 
manner at high channel loads, even for SREJ-re
covery and PB = 0.05. 

MEAN TRANSFER TIME (SEC) 

5.0 ....-------.------,..------.,----,..-/--'1 

Propagation and processing delay tp: 50 ms if/ r 
3.0 f- Transmission rate v = 1.8 kbit Is x 

Mean message length I: 5000 bit ~ T/'/l 
neg. expo distributed * 
S- Frame = 1.8 bit ~B : 0 05 /1 
MOD: 8 ' ~ 

- 6 REJ - Recovery /4 ~/A' / i 
--- x SREJ- Recovery -} x/~ i/i/ 

lO r-

I 
. /_x-_/-/~~- / ! 

0.3+-----__+_ 6~----:~~x-

f~~~o01 
0.1 +--~--_+--_--I__-_+---+---+__-__; 

0.0 0.2 O.L. 0.6 0.8 
• 

USEFUL CHANNEL LOAD 

Fig.12: Mean transfer time versus useful 
channel load 
PB = 0.01; 0.05 
message length neg. expo distributed 
(truncated) 
max. message length = 10 mean message length 
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3.2.2 Mean Transfer Time versus Message Length 

MEAN TRANSFER TIME (SEC) 
3.0 ,.-----------------r--------, 

Propagation aid processing delay tp = 50 ms 
Transmission rate v = 48 kbitls 
Useful chalnel load Yu = Q6 
Ps it = 10-5 

S-Frame = 56 bit 

1.0 +------+------+--- - - -+- ---

t I 

00-12. \4/' / 
0.1 t1 .. !~=--e- :.:::--~::-::--X/ ' 

- 6 REJ - Recovery 
-- - le SREJ - Recovery 

nro+---+--4---4~--4---_+-4--~--~ 
'OD 300 "000 10000 . 

MESSAGE LENGTH (BIT) 

Fig.13: Mean transfer time versus message length 
Mod. = 8; 128 

Our next study is the influence of the message 
length to the transfer time. Using modulus = 8 
(but S-frame = 56 bit) the transfer time rises 
according to the increasing message length respec
tively transmission time. For shorter messages 
(below 1000 bit/message), the transfer time rises 
again due to the limitation by the window-mechanism. 
In this case no improvement is possible using SREJ
recovery. The extended numbering format (modulus = 128) 
allows to transmit even shorter messages. With the 
REJ-option the fraction of overhead-bits and re
transmi tted frames grow with decreasing message 
length and, therefore, the transfer time rises 
strongly for the given channel load 0.6. In case 
of SREJ-recovery even for 100 bit message length 
the transfer time remains rather low, because only 
the disturbed frame has to be transmitted once 
more. 

3.2.3 Mean Transfer Time versus Propagation Delay 

Fig.14 shows the mean transfer time as a function 
of propagation and processing delay. The mean 
transfer time is measured for a useful channel 
load of 0.6. The throughput of the same link is 
shown in Fig.9. At ab~ut 3 tp/tI the mean t:an~fer 
time for modulus = 8 1ncreases strongly. Th1S 1S 
due to the fact that the useful channel load of 
0.6 is the maximum value (c.f. Fig.9). This means 
a link loaded up to almost its maximum throughput 
bears a heavy ascent of the transmission time 
caused by the growing send-queue and the long 
waiting times. 
Using the extended numbering with modulus = 128 the 
use of REJ-recovery allows only a maximum delay o f 
4 tp/tI' In Fig.9 this is the point the maximum 
throughput intersects the line of 0.6. Only the use 
of SREJ-recovery allows to convey a useful load of 
0.6 up to very long delays. In this case the trans
fer time rises only linearly with growing delay. 

Session 3.4 ITC-IO paper #5 
• 



ll.O ,.------r-----.----rl----r
l
-----, 

1 
MEAN TRANSFER TIME (SEC) 

Message length I = 1000 bit 
5.0 Useful channel load Vu = 0.6 -

S- Frame = 56 bit 
) 

Transmission rate v = 48 kbit/s 

Ps = 0.05 

2.0 +-----1-

MOO=8 J 

0.5 

0.2 r--- 1" x/" ~
/ " X " 

I,'! " .. <, -" 

, I" .. ,X " 

Jr/ --- x SREJ - Recovery 
A r~:' " I - tJ. REJ - Recovery 

0.05 ~-_I-------+--___+_--_ _+__l ------l 
o 2 6 8 10 

• 
PROPAGATION AND PROCESSING DELAY 

I - FRAME TRANSMISSION TIME 

Fig.14: Mean transfer time versus propagation 
and processing delay 
Mod = 8; 128 

4. CONCLUSION 

The major contribution of this paper is to give 
some suggestions in which cases the performance of 
a HDLC controlled data-link (ABM, full-duplex 
circuit) improves by using the SREJ-recovery. 

According to the simulation results mentioned 
above, we give the following advices for using the 
SREJ recovery-option on a HDLC controlled link: 

i) The use of the SREJ-option to improve the 
performance is only Significant if 
- there is no limitation by the window 

mechanism-rmodulo-numbering) 
- there is a link with rather high probability 

of errors. 

ii) Best performance results can be achieved by 
the use of the SREJ-option for links with a 
- high propagation delay and a high modulus

value (e.g. satellite link) 

iii) In cases the links are not saturated, there 
is generally no constraint to implement the 
SREJ-option. Nevertheless, it will be expe
dient to establish the SREJ-option in some 
special constellations of parameters as de
monstrated in 
- Fig .13 for message lengths 1 ~ 100 bit 
- Fig.14 for tp/tI > 4 and modulus = 128. 
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In this context it should be notified that the 
implementation of the SREJ-option leads to higher 
expenses for soft- and hardware of the combined 
station, such as 

more intelligence due to the greater 
complexity of the SREJ-recovery 

buffering of the messages at the receiver 

sequencing of the messages after SREJ-re
covery actions. 
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Summary of Questions/Answe~s 

Date: 14 June 1983 

Session.:: 3.4 

Paper: 5 

Q.l (Frank Field) 

I found your paper to be most intere~ting, complete, and a 
valuable contribution. However, you do not mention the 
inter arrival time distribution nor (in most results) the 
message length distribution that was used in your simulation. 
Could you please provide these details? 

A.l (E.H.Goeldner, H.L. Tr~ong) 

In our simulation program all random variables can be pro
duced according to the following distribution functions: 

* negative exponential, * hyperexpon~ntial, * Erlangian with 
order Iv< , or * constant. 

• 

For the simulation results presented in our paper, we always • 
have ' chosen a constant message length if nothing else is 
mentioned in the paper. 

The reason is as follows: The res.~l t,s obtained with constant 
message length shows much better the behaviour of the procedure 
than any randomly distributed message length. We also have 
simulated the same model with the same overall parameters 
with a negative exponential distributed message length; 
shown in Fig. 6 and 12. . 

The interarrival time has been chosen to be negative exponen~ial 
qistributed due to the assumption of a Poisson arrival process. 
In ca~e of a saturated traffic the arrival process has no impact 
to th~ throughput results. 

Q.2 (D. Maniield) 

Would it be possible for you to apply the virtual service time 
method employed by your colleagues in Paper #2 to provide some 
analytical resul ts for your problem . . If not, why? 

A.2 (.E.H. Goeldner, H.L. Truon~) 

I think it would be possible to apply the concept of the 
virtual transmission time. But it seems to be very difficult, 
because the I-frames are not in sequence, if a SREJ~recovery 
is carried out. Therefore the virtual transmission time as 
defined in Paper #2 of this session (from T. Raith and 
H . L. Truong) has to be modi fied due to the impact of the ,' \' 
SREJ - mechanism. 
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