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(a) A sequence of branch queues with increasing capacities. 
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(b) An equivalent path queue. 
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(c) A path queue approximating the queue in ibi 

Figure 4-Modified queueing models for a path g 

Assume that both models have the same estimation when 
rg=r, i.e., DI(r) = D2(r) and 

1 1 1 --+-=--. CI - r C2 C - rg (7) 

We now inspect the difference between DI(rg) and D2(rg), 
when rg=r + h. By Equation 6 and Equation 7, we have 

il = D2(r + h) - DI(r + h) 

_ 1/(C-r) [lI(C I -r) + 1] 
-1- hl(C - r) - 1-hl(CI - r) C2 

= h . (2' _1_ .l.. + l..) + .! [ (_h_ + !!.)3 
CI - r C2 C2 h CI - r C2 

- (CIh_ rf] + .... 

Since h is much smaller than CI - rand C2 , we can neglect the 
higher-order terms in the above expression and obtain 

il = h '(20
_

1_ ol..+l..). 
CI - r C2 C2 

(8) 

By Equation 8, we may conclude that the delay difference il 
will be a relatively small quantity, if h is small. Furthermore, 
the assumption that the path queue is M 1M II is accurate when 
the arrival rate r does not approach CI • In other words, the 

assumption is accurate if a severe saturation condition does 
not occur in the network. Besides, the M 1M /1 path queue 
overestimates the actual average path delay when the arrival 
rate increases (i.e., h > 0) and underestimates the delay when 
the rate decreases (i.e., h <0). According to this property, a 
path will be supplied with fewer packets to avoid the occur­
rence of severe saturation cases in the network if the traffic 
rate on this path increases. 

3. ruE PPD ROUTING SCHEME 

How to encode the paths is very important in saving memory 
space and expediting the routing process in the proposed PPD 
routing scheme. Our path-encoding scheme uses trunk num­
bers rather than node numbers. The reasons are two. First, 
the number of trunks is much smaller than the number of 
nodes in a large network. Second, the trunk number can be 
directly recognized by the network without any translation 
process to find the desired trunk. 

The encocling scheme takes two steps at each node: 

Step 1: Find every outgoing trunk number of the desired 
path from the source node to the destination node in order. 

Step 2: Concatenate these numbers from right to left. 

Figure 5 shows a sample network with trunk numbered. The 
path codes for path (1, 4, 8, 10) and path (5, 6, 7, 4, 9, 8, 11) 
are "1, 2, 3" and "2, 2, 3, 2, 1, 1," respectively. The digits in 
a path code can be in any kind of radix as long as the radix is 
greater than the largest trunk number in the network. 

In the PPD routing scheme, each node has its own routing 
table. The table can be divided into n - 1 subtables, where n 
is the total number of nodes in the network. All possible paths 
to the same destination have entries in the same subtable. Let 

Figure 5-A network with branches labeled around each node 



the sub table of node i, used for destination node k, be de­
noted by Vi, k. Each path entry of the subtable Vi,k is a record 
structure containing the path code of path g, the path assign­
ment probability <Pg, the measured generation rate 'g, and the 
measured average path delay Dg • Table II shows the subtables 
VI, 2 and VI, 3 of the network shown in Figure 5. If a network 
is too large to accommodate all same destination paths in a 
subtable, the number of paths will be limited. The limited 
number, say m, is a moderate number that depends on the 
available memory space. How to select m paths depends on 
the network structure. For simplicity, the m shortest paths, in 
the hardware sense, will be selected in this paper. The algo­
rithm to find the m shortest paths for one destination can be 
found in Shier. 17 Since the shorter path g usually has larger <Pg, 
most of the message packets will be routed through the 
shorter path. It has been shown by simulation that properly 
selecting the value of m scarcely degrades the delay per­
formance. 

After a message packet destined for node k has been gener­
ated at node i, the source node probabilistically assigns a path 
code by looking at the path assignment probabilities <p' g of the 
subtable Vi, k. The probabilistic distribution process can be 
implemented by either software methods or hardware meth­
ods.6

,11 The software method needs more time complexity to 
execute, whereas the hardware needs more memory space. 

When a path code has been assigned, a packet can be 
routed in the network by the following PPD routing algo­
rithm: 

Input: A message packet with a path code X. 
Output: Route the packet to its next host or destination 

node. 
Steps: 1. Retrieve the code X from the packet. 

2. If X = 0, stop; i.e., the destination node is 
found. 

3. Right shift out X one trunk number, and save 
the new X in the packet; 

K: = the shifted-out trunk number. 
4. Transmit the packet through the out-going 

trunk K to the next host (node). 

TABLE II-Routing subtables UI.2 and U1,3 at node 1 of the 
sample computer network in Figure 5 

Path Generation Path Path Assignment 
Code Rate Delay Capacity Probability 

U1.2: 
1 r(1,2) D(1,2) £(1,2) <1>(1.2) 

2,1,1,1,2 r(l,3.4,7.6,2) D(I.3.4.7.6.2) £(1,3.4.7,6,2) <1>(1,3.4,7,6,2) 

2,1,1,3 r(1.4.7.6,2) D(lA,7,6,2) £(1.4,7,6,2) <1>(1.4,7,6,2) 

2,3,1,1,1,2 r(1.3.4,7,6,5,2) D(1.3.4,7,6,5.2) £(1,3.4.7,6,5,2) <1>(1,3.4,7,6.5,2) 

2,3,1,1,3 r(1A,7.6.5,2) D(1.4.7,6.5.2) £(1A.7,6.5,2) <I>(1A,7,6,5,2) 

Uu : 
2 r(1.3) D(1,3) £(1,3) <1>(1,3) 

5,3 r(l.4.3) D(1A.3) £(1.4,3) <I>(lA,3) 

5,2,1,2,1 r(1.2.6,7,4,3) D(I.2.6.7.4,3) £(1.2.6.7.4.3) <1>(1,2,6.7.4,3) 

5,2,1,1,1,1 r(l.2,5.6.7.4,3) D(I.2.5.6.7.4,3) £(1,2,5.6.7.4.3) <1>(1,2.5.6,7.4,3) 
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In Step 4 the packet is sent to the waiting queue of the 
outgoing trunk K-a first-in-first-out principle. For example, 
to route a packet through path (1, 4, 8, 10) in Figure 5, we 
would proceed as follows. By the path-encoding scheme, the 
code of path (1, 4, 8, 10) is "1, 2, 3." The packet starts at 
node 1. After the first 3 steps of the routing algorithm, the 
code "1, 2" is loaded in the packet. The packet is then sent to 
node 4 through trunk 3. At node 4, the code in the packet is 
retrieved and shifted again. At this time, "I" is loaded in the 
packet, and the packet is then transmitted to node 8 through 
trunk 2. At node 8, the same procedure will be repeated 
again. Finally the destination node 10 accepts the packet after 
the code "0" is detected. 

After receiving a packet, the destination node sends back 
an acknowledgment packet to the source node through the 
same routing path in the reverse direction. The code of the 
reverse path can be obtained by appending the incoming trunk 
numbers during the routing procedure. The acknowledgment 
packet has the highest priority to pass through the network. 
The source node can quickly receive it and record the accom­
panying path delay information. Since the length of an ac­
knowledgment packet is very short, the traffic load is scarcely 
affected. 

In the PPD routing scheme, the routing path of a packet is 
determined by its source node. Other intermediate nodes only 
pass the packet without making a path decision. In other 
words, no routing table is referred at intermediate nodes. 
Regardless of the waiting delay, the worst time complexity to 
route a packet is O(s + (n -1)·c). The worst time complex­
ity to search in the routing table is s , and c is a constant time 
required for executing the PPD routing algorithm once. Note 
that the complexity of the same process in a branch-directed 
routing method is 0 [(n - 1) . (s + c)]. Usually a binary 
searching method is used for searching the routing tables. 
Then s becomes 0 (log n), and the worst time complexity of 
routing a packet in a branch-directed method is improved 
from 0 (n log n - log n + c . n - c) = 0 (n log n) to 0 (log n 
+ n'c - c) = O(n) by the PPD method. 

4. ROUTING TABLE UPDATE POLICIES 

In the proposed routing table update policies, each node up­
dates its routing table locally. At a node, different update 
processes for different subtables do not have to be executed at 
the same time. The steps to update the subtable Vi, k of node 
i are listed below. 

Step 1: Calculate every effective path capacity Eg by Equa­
tion 5, where g e{i, k}. 

Step 2: Emax = max{Eg , g e {i, k}}. 
Step 3: For any Eg, if EglEmax ~ A, collect Eg in a capacity 

set S, where A is a threshold. 
Step 4: Fi, k= ~EgES Eg • 

Step 5: <pg=EgIFi,k' for all EgeS; 
<Pg=O, for all Eg' S . 

The worst time complexity of this update process is 0 (m ), 
where m is the maximum number of path entries in the sub­
table. In other words, the complexity 0 (m) is a constant that 
is independent of the network size. 
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The update period for subtable Vi, k, denoted by h k, is 
dependent on the present ri, k. A greater ri, k helps to collect 
enough delay information within a shorter interval. Further­
more, a greater ri, k increases the traffic load on a network. By 
Equation 8, the heavier the traffic load, the more is required 
to improve the delay performance. Therefore, we define 

[. k=min {~ B ,} 
I, ri, k' , 

where B is a constant and B' is a threshold to avoid long h k. 

It means that we need enough delay information but maintain 
the update ability. How to optimally set constants Band B' 
depends on the network structure. 

Since the subtable Vi, k is updated individually, the newly 
generated packets, only destined for node k, will be blocked 
during updating Vi, k. Because of the simplicity of the update 
process, the blocking delay is very short, i.e., Oem). In this 
way, although the worst time complexity, required to update 
the entire routing table of a node, is Oem on), the update 
process does not interfere with the routing process of almost 
all packets. In other words, the time complexity of the block­
ing delay is 0(0) in most cases. Therefore, the overhead of 
update table processes is negligible. 

5. PERFORMANCE ANALYSIS 

The PPD method has minimized the overhead to route a 
packet. It updates the subtables separately so that the routing 
delay caused by the update process is at most a small constant. 
The worst time complexity to route a packet from its source 
node to its destination node regardless of waiting delay (queu­
ing time) is Oem) + O(s) + O[(n -1)-c] = O(n), which is 
the sum of the complexity of the update sub table process, the 
table-searching process, and the transition process. The con­
stants required for the three processes are m, s, and c, dis­
cussed in Sections 3 and 4. 0 (n) is the best possible time 
complexity to route a packet in an n -node network without 
considering waiting delay. Thus the waiting delay parameter, 
ranging from ° to 00, dominates the delay performance in the 
PPD method. Since the routing tables manipulate the waiting 
delay of each packet, the network performance is mainly de­
pendent on the table update process, investigated below. 

Since Dg is related to rg, the best assignment of <\>g for 
achieving the minimum average delay should be a function of 
ri, k. We now analyze how the value of <\>g, obtained by the 
proposed algorithm, differs from the best assignment by giv­
ing ri, k and all Eg , where g E {i, k}. Assume no common branch 
between any two paths of {i, k}. Thus the total delay of the 
packets, associated with ri, k, is calculated as follows: 

D= 2: rg-Dg. 
ge{i, k} 

By Equation 4 and the definition of <\>g, the above equation 
becomes 

D = 2: ri, k -<\>g . 
ge{i, k} Eg -ri, k -<\>g 

For discussion convenience, we name the elements of {i, k} in 

sequential numbers, and replace the path subscripts by these 
numbers. Let m be the number of elements in {i, k}. Then we 
have 

m m ,t.,. 

n - 2: ~ -D - 2: ri, k - 'fI1 

L/ - 1=1 'I 1- 1=1 El - ri, k-<\>l' (9) 

The best assignment of <\>1 's to minimize D is to solve the 
following equations. 

aD 
a<\>l =0, 

for all I E{1, 2, ... ,m - I}. Thus 

0, 

for all I E{1, 2, ... ,m - I}. It implies that 

El _ Eq 
(El - rj,k -<\>/)2 - (Eq-ri,k _<\>q)2' (10) 

for any I, q E{1, 2, ... ,m}. If the traffic load is light, then 

(1 - rj, k -<\>/) -2 = 1 + 2 .ri, k -<\>1 + 3 _ (ri' k -<\>1)2 
EI EI Er 

_ 4- (ri' k _<1>/\)3 + 
Er ... 

r· k -<\>1 = 1 + 2- T, if El» ri, k -<\>1' (11) 

By combining Equations 10 and 11, we obtain a very simple 
solution 

<\>l=~ 
Er Eq 

(12) 

for any q and I E{1, 2, ... , m}. According to Equations 9 and 
12, we have 

(13) 

for any I E{1, 2, ... , m}. Equation 13 indicates the best solu­
tion of <\>1 when traffic load is light. Some <\>1 's are so small that 
almost no packet generated at node i is transmitted on the 
corresponding paths. Without degrading the delay per­
formance, we may disable these unused paths by setting <\>1 = ° 
and reassign <\>1 's as the presented update algorithm does. In 
other words, the proposed algorithm can assign almost the 
best solutions to <\>1 's when the traffic load is light. 

If the traffic load becomes heavier, Equation 11 will no 
longer be true. A new solution is derived by modifying the 
solution of Equation 13. Let Xlq be the amount that is moved 
from <\>q to <\>1 for for better assignment. In other words, the 
new probabilities <I>~ and <PI are obtained by 

<\>~=<\>q-Xlq, 

<\>; =<\>1 +Xlq' (14) 



Let 
m 

2: Ew == E, 
w=l 

and 

According to Equations 13 and 14, we have 

A= (El +Xlq·E)·ri,k + (Eq-Xlq·E)·ri,k . 
E·EI - (EI +Xlq·E)·ri,k E·Eq-(Eq-Xlq·E)·ri,k 

The best Xlq to minimize A is obtained by solving the following 
equation: 

aA. ri k • E 2. EI 
aXlq [E· El - (EI + Xlq· E) ·ri,kf 

ri, k • E2 • Eq - 0 
[E· Eq-(Eq-Xlq· E)· ri, d2

-

Solving the above derivative equation, we obtain 

Xlq=~~/i'k.(~_~) / C~+~~). 
4k v& v~ 

(15) 

The solution obtained by Equation 15 implies that we can 
expect better performance if Xlq is moved from <pq to <PI' In 
other words, if Xlq = 0, no adjustment between <pq and <PI can 
improve the delay performance. Suppose that EI = Eq for any 
I and q; the set of <PI'S obtained by Equation 13 is almost the 
best assignment. In the PPD method, the paths with small 
effective capacities are not used. It implies that Xlq = 0, where 
I and q belong to the available paths. Equation 15 also shows 
that the greater Ti, k is, the less Xlq will be. If ri, k approaches E, 
the best solution will approach Equation 13. Ot;tr update algo­
rithm assigns the best set of <pt's when the traffic is heavy. 

6. SIMULATION RESULTS 

In the PPD method, the effective path capacity is used to 
predict the average path delay. It is necessary to verify 
whether the experimental path delay can be approximated by 
Equation 4. Figure 6 shows the network used for measuring 
the average path delay D(1, 2, 3, 4) at a different packet gen­
eration rate r1,4, ranging from 1 to 10 packets/sec. The packets 
are generated in a Poisson distribution. Let r5,4 ='6,4 = 4 
packets/sec. Assume that every packet has the same packet 
length. Each packet requires 0.05 sec to pass through any 
branch. The average path delay D(1,2,3,4) under the different 
rate '1,4 is recorded when the average delay becomes stable. 
Usually it takes 40 sec to have a stable D(1,2,3,4)' The result of 
the experiment is shown in Figure 7(a). The effective path 
capacity E(1,2,3,4) for each '1,4 is calculated by Equation 5 and 
shown in Figure 7(b). The capacity for greater '1,4 is larger 
than the physical path capacity. The reason is that the longer­
delay case appears with less probability, especially in a heavy 
traffic situation. The result of the experiment is under­
estimated because of the short duration of the experiment 
(time = 40 sec). In Figure 7(a), the average delay is calculated 
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4 

6 

= 1/25 Packets/Time-Unit 

Y6,4 = 1/25 Packets/Time-Unit 

Y1,4 is a variable 

• The number is the time required to transmit a 
packet on the branch. 

Figure 6---A sample network used for demonstrating path capacity and path 
delay (r5,4 = r6,4 = 4.0 packets/sec) 

a Experimental Delay 
111.0 

A Expected Delay 

aI.O 

D.O+-----,r__-_.,...--..,.-----r---, 
0.0 20.0 '10.0 ED.O l!O.O 100.0 

1 / GENERATION RRTE OF R 1,4 

A Effective path capacity 

CI Physical path capacity 

o Inverse of path delay 

D~+-----,r__-_.,...--..,._-_,--~ 
0.0 20.0 '10.0 50.0 SO.D 100.D 

1 / GENERATION RRTE OF R',4 

Figure 7-Path delay and effective path capacity 
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• The numbers on branches are the inverse of corresponding branch 
capacities in .time-units/packet. 

Figure 8-A sample computer network for performance simulation 
experiments 

by substituting Equation 4 with the path capacity, evaluated 
under '1,4 = 2 packets/sec. The curve is almost the same as the 
experimental one when the network is not saturated. Al­
though the difference becomes larger in a saturated traffic 

situation, the tendency of the experimental curve is approxi­
mately predicted. Furthermore, the property of this curve is 
exactly predicted by Equation 8. 

We compare the PPD method with the ARPANET method 
by inspecting their delay performances. The network used for 
the comparison experiment is shown in Figure 8. Two sets of 
generation rates are listed in Table III. The entry of each table 
indicates the variation range of the generation rate. To sim­
plify the comparison process, only the waiting delay and trans­
mitting time are considered, in spite of the shorter overhead 
of the PPD method. Assume that each packet has the same 
length. The average delay is calculated over all packets routed 
in the network. At each node we initialize one packet for one 
destination to test the adjustment ability of the methods 
compared. 

We first compare the two methods with same update 
period, i.e., 5 sec in the ARPANET method and B' = 500 in 
the PPD method. The ARPANET method uses global branch 
delay information to find the shortest distance trees, whereas 
the PPD method uses the path capacities to determine the 
assignment probability of each path. We first set m = 00. Fig­
ure 9 shows the experimental results under two sets of gener­
ation rates. The ARPANET method has a higher average 
delay than the PPD method. Besides, the ARPANET method 

TABLE IlIA-The test set of packet generation rates for light traffic conditions 

2 3 4 5 6 

1 1 
300-"75 

2 

3 1 1 1 1 
500 - 125 200 #OJ 50 

4 

5 

6 
1 1 1 1 

400 ,., 100 5001""25 

* The unit of entries is packet/time-unit5 
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TABLE lIIB-The test set of packet generation rates for heavy traffic conditions 

2 3 4 5 6 

2 
111 1 1 1 1 

6'2 300 75 200 - 50 500"" 125 

1 1 1 1 
3 248 tV 6'2 1 00-2"5 

1 1 
4 348 -87 

1 
5 - 125 

6 

* The unit of entries is packet/time-unit. 

1.0 10.0 
--' ARPANET method -- . ARPANET method 

O.S 
- --- . PPD method 

III 
S.O '"0 ---: PPD method 
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III 
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(a) For light traffic. (b) For heavy traffic. 
Figure 9-Delay performance of the ARPANET routing and of the PPD routing methods (update period: 5 sec) 
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Figure 10-The performance of the new ARPANET routing and the PPD routing methods 

is unable to route the packets under heavy traffic, as shown in 
Figure 9(b). It shows that the PPD method has more ability to 
handle the heavy traffic condition. Similar results can be 
found in Figure 10 when the update periods change to 2 to 
10 sec. 

We now investigate how a different update period B' affects 

the delay performance in the PPD method. Three periods-
200 time-units, 500 time-units, and 1,000 time-units-are se­
lected for the experiment. Figure l1(a) shows that the three 
cases perform almost the same except that the shorter B' 
contributes a faster response to an extreme alteration of the 
traffic load. Similarly, we examine the delay performance 



affected by factor B. Two cases with different values of B , 5 
and 10, have been simulated. Figure l1(b) shows that longer 
B contributes better performance. The reason is that the case 
of longer B collects more delay information to allow better 
expectation. However, the case of shorter B responds more 
quickly to the extreme alteration of the traffic load, as shown 
in Figure l1(b). 

The limitation m, which is the maximum number of path 
entries in a subtable, affects the delay performance much 
more than the factors Band B'. Figure 11 shows the delay 
curves with limitations 00,6, and 4, under different generation 
rates (see Tables IlIA and IlIB). It is obvious that smaller m 
degrades delay performance, especially under a heavy traffic 
load. Although the parameters A, B, B I, and m affect the 
delay performance, the PPD method is still superior to the 
new ARPANET routing method, especially in the heavy traf­
fic situation. The reasons are two. First, the PPD method is 
probabilistic. Second, the PPD method uses the effective path 
capacities to predict the path delay. The efficacy of the capac­
ities is also confirmed by the experiment. 

7. GENERALIZATION OF PPD ROUTING 

The update process of the new ARPANET routing method 
selects the shortest path from node to node. In other words, 
the new ARPANET routing method operates as a deter­
ministic method between two consecutive updates. Therefore, 
the ARPANET routing method cannot compete with the 
proposed probabilistic method, even though the shorter over­
head of the PPD method has not been considered in the 
comparison experiment. To upgrade the delay performance of 
the new ARPANET method, we generalize it with the PPD 
approach. 

The generalized ARPANET method uses the same delay 
measurement and update method as its original method.lO It 
periodically updates all routing tables at the same time, based 
on the same delay information. Instead of one shortest path, 
m shortest paths from one node to any other one are selected 
during the table update process. The packets, destined for the 
same node, are probabilistically distributed among the m 
paths, based on the path assignment probabilities (<I>'s). The 
entire routing path of a packet is determined by its source 
node. The generalized ARPANET method uses the algorithm 
described in Section 3 to route the packets. It assigns <I>'s in 
proportion to the inverse of the corresponding path delays. In 
other words, the generalized routing method uses the reverse 
of the path delays as the effective capacity of the correspond­
ing path. 

Only delay time and transmitting time are considered to 
simulate the generalized ARPANET routing method. The 
network and generation rates are the same as in Section 6. 
With m = 00, Figure 12 shows the different delay performance 
of three routing methods-New ARPANET, PPD, and gen­
eralized-under ARPANET routing. It indicates that the 
ARPANET routing method has the worst delay performance. 
The PPD methods are slightly better than the generalized 
method in a heavy traffic condition, as shown in Figure 12(b). 
It will become more significant if traffic becomes saturated. 
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Figure ll-Delay performance of the PPD routing method with bounded 
path entries in each subtable (update period: 5 sec) 

The reason is that the generalized method cannot predict the 
tendency of delay performance under the saturated condition. 
However, the method responds well to the extreme alteration 
of the traffic load, as shown in Figure 12, during the time 
interval 0 < t < 20 sec. 

In reality, m cannot be infinite. We now investigate how 
different m affects the delay performance. The delay per-
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Figure 12-Delay performance of the PPD, of the PPD generalization of the 
new ARPANET, and of the new ARPANET routing methods 

(update period: 5 sec) 

formance with two different m's, 6 and 4, is shown in Figure 
13. The PPD method operates better than the other two when 
the value of m decreases. This conclusion becomes more sig­
nificant when the traffic load increases. The reason is that the 
PPD method can collect more delay information for every 
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Figure 13-Delay performance comparison of various routing methods with 
bounded path entries (m = 4) in each subtable (update period: 5 sec) 

path when the number of paths decreases, although the gener­
alized ARPANET routing methods sometimes perform better 
than the PPD method. 

8. CONCLUSIONS 

For the first time, a probabilistic routing method that is path­
directed is proposed for computer networks with distributed 
control. The proposed PPD method can be implemented with 
small update overhead and minimum node delay. The effec­
tiveness of this method is supported by both analytical and 
simulation experiments. The method is shown to be more 
efficient than the new ARPANET routing method, especially 
in heavy traffic situations. The PPD method is designed to 
balance the load among multiple paths and to reduce con­
gestion in heavy traffic. The PPD concept can also be applied 
to a centrally controlled network with some modifications. 
The results can be extended to developing packet-switched 
interconnection networks if there are multiple paths between 
a source and a destination in the hardwired network. 
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ABSTRACT 

A novel type of optical wireless modem, suitable for office communication, is 
described. 

Two types of modems, satellite and terminal, each of which consists of head and 
body, have been developed. The satellite head is usually attached to a ceiling or 
wall, and the terminal is placed adjacent to a data terminal. The full-duplex mode 
of data transmission up to 19.2 kbit/s, with the error rate less than 10-6

, is realized 
between the satellite and the terminal which is placed anywhere in the service area 
of 10 m radius around the satellite head under the fluorescent light. 

In this paper, the configurations, specifications, main design features and per­
formances of the modem are described. Some applications are also discussed. 

721 





INTRODUCTION 

Office automation (OA) systems based on local-area net­
works or local computer networks have been successfully in­
troduced into various kinds of offices, including the ones in 
laboratories and factories. 1

,2 So the undoubted role of the 
local networks in OA has been fully confirmed. These net­
works use either metallic (twisted-pair or coaxial) or optical­
fiber cables. 

Although local networks based on wired transmission are 
quite suitable for the trunk line of a network where high speed 
and reliable transmission is required, wired interconnection is 
not always the best method for interfacing user terminals and 
network nodes. The position of office terminals is frequently 
changed to improve the office layout. Each time, rearrange­
ment of signal cables is also required; this is usually costly and 
takes a lot of time. In some cases, recabling is so difficult that 
a new office layout has to be designed under the restriction 
that changes in the terminal positions are not allowed. 

Therefore the use of wireless interconnections for such 
interfaces is quite suitable, since it avoids the inconvenience of 
cabling. There are several methods of wireless transmission, 
among which optical wireless transmission in the infrared re­
gion seems to be very attractive for the following reasons.3 

1. Immunity to electromagnetic interference 
2. Little interference with similar systems operating nearby 
3. Small size of optical components 

In some areas of application other than OA, wireless optical 
transmission has been widely introduced. Typical examples 
are a remote controller for TV sets, a cordless telephone ,4 and 
a wireless speaker system. 5 

The use of optical wireless transmission in offices has also 
been proposed as a method of interconnecting a cluster of 
terminals in the same room with a common cluster controller 
through a diffuse optical channel. 3 

It seems quite likely that increasing needs for a convenient 
wireless optical interconnection will arise. The specifications 
for the wireless link in various local networks may be vastly 
different from one another. Therefore, although it may be 
desirable to design the wireless optical transmission sepa­
rately for each network's requirements, it would be more 
convenient to have versatile types of interconnecting equip­
ment, with standard data terminal interfaces such as the 
CCITT recommends. 

From these considerations we have developed a new type of 
wireless communication equipment-the "Office-Use Optical 
Wireless Modem." As a first product we have developed a 
type of optical wireless modem that is capable of the full-
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duplex mode of data transmission up to 19.2 kbit/s for the 
transmission distance of 10 m. 

In this paper, the configurations, specifications, main de­
sign features, and performance of the modem are described. 
Some applications are also discussed. 

CONFIGURATIONS 

Two types of optical wireless modems, satellite and terminal, 
have been developed. Both satellite and terminal consist of 
two parts, head and body; Figure 1 shows the satellite, Figure 
2 shows the terminal. Figure 3 shows an example of installa­
tion. Figure 4 shows the circuit-block diagram of the modem. 
The basic circuit constructions of the satellite and the terminal 
are the same. 

Both heads are equipped with optical transmitter and re­
ceiver to carry out the two-way optical transmission between 
satellite and terminal. Since different subcarrier frequencies 
are used for up-link (terminal to satellite) and down-link (sat­
ellite to terminal), the full-duplex mode of operation is real­
ized. The satellite head can be attached to either the ceiling or 
the wall of a room, whichever is convenient. Terminals may be 
put adjacent to office data terminals, such as personal com­
puters or word processors. 

Optical waves transmitted from the satellite are non­
directionally spread in the room. On the other hand, the 
terminal head emits an optical beam of medium directivity. 
Only a rough alignment between the satellite head and the 
terminal head is necessary. As long as the direct line of sight 
is not interrupted, terminals can be placed anywhere wi'thin 
10 m from the satellite head and still achieve a sufficient 
quality of transmission. 

Figure I-Satellite head 
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Figure 2-Terminal 

SPECIFICATIONS AND DESIGN 

The main specifications of the modem are given in Table I. To 
achieve the specifications, several design considerations were 
made as follows. 

Wall 

Cable 
tr-=--=-=-=--==-=--=--=-~-=-== 

Satellite 
Body 

Type of Optical-Wave Propagation 

Two types of optical-wave propagation were compared. 
One is direct line-of-sight transmission and the other is diffuse 
optical propagation. 3 

Diffuse optical propagation is a type of optical-wave propa­
gation by which the optical waves are spread as uniformly as 
possible in the room, making use of the reflections of walls 
and ceilings as shown in Figure 5( a), so that neither a direct 
line of sight nor alignment between the optical transmitter and 
receiver is required. 

Although the use of the diffuse optical channel is quite 
convenient, there are several disadvantages to using this 
method for practical equipment. Since the diffuse optical 
propagation is based on the reflections at walls and ceilings of 
a room, each time the optical wireless system using the diffuse 
propagation is introduced into a new room, a new design is 
required in terms of the position of transmitters, required 
optical output power, and directions and directivity of optical 
emitters that will minimize the optical power required for the 
transmission to be realized in the whole desired service area. 
Since the reflection properties of walls and ceilings vary con­
siderably from material to material, required optical power is 
also quite different from room to room even if the room size 
is the same. 

Furthermore, in some cases the reflections of walls and 
ceilings cannot be used. One example of such cases is a big 
hall that is divided into several portions, in each of which 
different optical wireless systems are to be operated. 

In this modem, the direct line of sight transmission shown 
in Figure 5(b) is employed. Using this type of propagation, the 
predetermined maximum communication distance is always 
assured, regardless of the shape or the reflective properties of 
walls and ceilings, so long as the direct line of sight is not 
interrupted. The maximum transmission length requires the 
alignment of the satellite and the terminal. However, since the 
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optical beam used for the up-link is of medium directivity, no 
fine alignment is needed. 

Furthermore, when the modem is used in a small room that 
is surrounded by walls, the direct line of sight is not neces­
sarily required, since the optical paths between satellite and 
terminal are usually assured by the reflections at walls as well 
as at ceilings, as shown in Figure 5(c). 

Ambient Light 

The ambient light is a kind of noise source to the optical 
receiver. The main source of ambient light in office rooms is 
the lighting, such as fluorescent light. 

To avoid the degradation due to the fluorescent light, two 
kinds of measures are taken, one in the optical domain and 
the other in the electrical domain. 

In the optical domain, by the use of a film type of optical 
filter attached on the surface of the photodiode, optical power 
in the region of shorter wavelengths than that of the light­
emitting diode (LED) emission is rejected. 3 The optical 
power in the region of longer wavelength is also rejected, 

Table I-Main specifications of the optical wireless modem 

Item 

Data rate 
Modulation 
Mode of operation 
Service area 

Interface 
Optical source/detector 
Type of optical wave 

propagation 
Down-link 
Up-link 

Power supply 
Power consumption 
Dimensions (terminal) 

Environment 

Specifications 

up to 19.2 kbitls 
FSK-IM 
Full or Half-Duplex 
10 m radius (Error Rate <10-6

, 

under Fluorescent Light) 
CCITT V24N28 or EIA RS-232C 
LED (A = 0.88 /-Lm)/Si PIN-PD 

Nondirectional radiation 
Medium-directivity beam 
AC 100 ± 15 V, 50/60 Hz 
7VA 
210 (width) x 320 (height) x 325 (depth) 

mm 
Temperature: 5° to 40° C 

using the property of the silicon PIN photo diode that it has 
little optical sensitivity in this region. 

On the other hand, an experiment was carried out to mea­
sure the noise spectrum at the output of the low noise pre­
amplifier with the photo diodes in a room where fluorescent 
light was used with standard intensity of illumination. The 
results indicate that noise from the fluorescent lights domi­
nates the receiver noise in the frequency region lower than 300 
kHz, even when the optical filter is attached on the photo­
diodes (see Figure 6). For this reason, the FSK modulation at 
higher subcarrier frequencies than 300 kHz was adopted. By 
this measure together with the optical filter, the influence of 
fluorescent light on the transmission performance is fully 
avoided. 

The effect of sunlight is a somewhat bigger problem, since 
sunlight has quite a large amount of optical power in the 
infrared region. When the receiver is exposed to the direct 
sunlight, the transmission distance is reduced from 10 m to 
approximately 2 to 3 m. However, it may be rare to receive 
such strong sunlight in office rooms. Under normal use, the 
reduction of the transmission distance in a room with windows 
is usually 10 to 20%. Furthermore, in most offices direct sun­
light is usually shaded by a blind or a coating on the window­
glass to improve the efficiency of the air conditioning. This 
also improves the efficiency of the modem use, even near the 
window. 

The direct incidence of strong tungsten light can also cause 
noise problems, and it should be avoided. 

Full-Duplex Mode of Operation 

To realize the full-duplex mode of operation, different sub­
carrier frequencies are used for the up-link (terminal to sat­
ellite) and down-link (satellite to terminal). The subcarrier 
frequencies are chosen according to the following consid­
erations. 

Suppose the subcarrier frequency of the down-link is fl. The 
transmitted optical waves from the satellite are reflected from 
various surfaces, such as floors, walls, and desks. The reflec­
ted waves come back into the satellite. So the satellite receives 
the reflected down-link waves as well as the up-link waves. 
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The level of the reflected waves varies considerably, de­
pending on such conditions as the height of the ceiling. At the 
same time, mainly because of the nonlinearity of the LED, the 
higher-order harmonics of /1 also enter the satellite receiver. 
These reflected signals should be filtered out by the electrical 
filter. The situation is also the same for the terminal head. 

Computer simulations and experiments were done to deter­
mine what filtering characteristic was required to keep the 
receiver sensitivity from being degraded by the reflected 
waves. The results show that more than 60 dB rejection of the 
unnecessary reflected waves is needed relative to the main 
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received signal, for the typical case of a satellite attached to a 
ceiling 3 m high. 

At the same time the use of subcarrier frequencies higher 
than a few MHz should be avoided if the signal is to be free 
from multipath distortion. 3 

Taking all these factors into account, we chose 1 MHz and 
1.5 MHz as the subcarrier frequencies for the up-link and the 
down-link, respectively. We employ the lower frequency for 
the up-link in order to minimize the receiver noise, which 
depends on the product of the subcarrier frequency and the 
total capacitance of the photodiodes. 

Optical Transmitter 

High radiant LEDs of 15 milliwatt output power with a 
directivity of approximately ±60° are used in the optical trans­
mitters in both satellite and terminal heads. 

The number of LEDs required depends on the transmission 
distance. For the satellite head, 9 LEDs were needed to obtain 
the service area of 10 m radius in rooms with fluorescent 
lighting. Each of these LEDs is aimed in a different direction 
so that the optical waves are spread as uniformly as possible. 

On the other hand, 5 LEDs were necessary for the terminal 
head. To save on total optical power, the directivity of the 
optical beam emitted from the terminal head is adjusted to be 
about ±30 degrees by a simple rectangular pipe that is put in 
front of the LEDs. The medium directivity of the up-link 
beam renders unnecessary the fine alignment that is usually 
required for optical-space transmission. 

Optical Receiver 

PIN photodiodes with a typical capacitance of 350 pF and 
a large active area of 1 cm2 are used as the optical detector. 

In the satellite head, 4 PIN photodiodes are used; they are 
so aimed as to receive the optical waves coming from all 
directions in a room. The total capacitance of the photodiodes 
is approximately 1400 pF. To obtain high receiver sensitivity, 



the admittance due to this capacitance is canceled by that of 
the inductance, using a resonance circuit inserted at the front 
end of the low-noise preamplifier of the receiver; this circuit 
resonates at the center of the up-link FSK frequencies. 

In the terminal head, on the other hand, 2 PIN photodiodes 
of the same type are used. A similar resonance circuit is also 
employed. 

Other Features 

As shown in Figure 1, a hemispheric cover is used on the 
satellite head to protect the optical components and other 
electronic circuits from damages, while allowing the optical 
signal to pass with insertion loss as low as 1.0 dB. The cover 
also functions as an optical filter to reject visible light. A flat 
cover made of the same material is used on the terminal head, 
as shown in Figure 2, for the same reasons. 

The satellite body is equipped with a level indicator that 
tells the input optical power in four steps. 

PERFORMANCES AND APPLICATIONS 

The modem was actually used in an office environment like 
that shown in Figure 7. 

Figure 7-An office room where optical wireless modem is introduced 
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It was verified that no direct line of sight was necessary 
when the transmission distance was less than 3 to 5 m and the 
wall and ceiling reflections could be effectively used. Desk 
surfaces and floors could also be used as useful reflectors. 
However, when the transmission distance was too long, the 
transmission failed whenever the direct line of sight was inter­
rupted. Such interruptions may be a little annoying. So in 
situations where a room is shared by a group of people and 
frequent interruptions of the direct optical path are expected, 
it is highly recommended that the modem be used with intel­
ligent data terminals, such as personal computers or word 
processors, that can have an automatic retransmission func­
tion with the aid of their software or high-level protocols such 
as HDLC. 

Needless to say, multipoint access is also possible. For ex­
ample, using a polling access method, where each data termi­
nal is assigned a unique address selected by the network con­
troller connected to the satellite, one satellite can be shared by 
several terminals around the room. 

It sometimes happens that for some reason the satellite 
head cannot be attached to either ceiling or wall. To cope with 
such situations, the modem is so designed that terminal-to­
terminal communication is also made possible simply by re­
placing the satellite head by the terminal head and making a 
minor change in the circuit. Either the direct line of sight or 
the reflections can be used, as is shown in Figure 8. Since the 
terminal head has some directivity, terminal-to-terminal 
transmission may be appropriate for point-to-point commu­
nication except in a small room. 

CONCLUSION 

A novei type of opticai wireiess modem has been developed 
and presented in this paper. This modem is quite suitable for 
office communications, especially for office rooms where fre­
quent layout changes or the portability of the office data ter­
minals is highly required. 

Two types of modem, satellite and terminal, each of which 
consists of head and body, have been developed. A full­
duplex mode of data transmission up to 19.2 kbit/s between 

Obstacle 

OTE 

~ 
Terminal ( I) n 

Ceiling 

OTE 

ll:1t =-:=-c-

Terminol(2) 

OTE : Data Terminal 
Equipment 
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satellite and terminal is realized in a service area of 10 m 
radius around the satellite head. This can be attached, for 
example, to the ceiling of an office, under the fluorescent 
light. By replacing the satellite head with the terminal head, 
transmission between two terminal heads is also possible, us­
ing either the direct line of sight or the reflections from walls 
or ceilings. 

This modem has been used in an actual office environment, 
and its feasibility has been confirmed. 
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ABSTRACT 

Today, high-throughput interconnection structure (HTIS) is a concept. This paper 
surveys the properties that HTIS should satisfy and proposes a new architecture that 
satisfies some of the HTIS requirements. We describe the topology, the access 
method, and the logical structure of our experimental network. This network is a 
part of a project called ESCALIBUR, in which both interconnection architectures 
and distributed applications are studied. The network architecture presented here 
is mainly oriented toward local and bus networks but may be extended long-haul 
networks. 
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INTRODUCTION 

The high-throughput interconnection structure (HTIS) can be 
defined as a digital telecommunications local network capable 
of supporting a wide spectrum of user needs that require high 
capacity. Today, such a network exists as a concept; an actual 
HTIS system has yet to be physically created and its architec­
ture clearly defined. 1

•
2

•
3 To satisfy the user's needs, the 

throughput must be very high. In Figure 1 we give the classical 
digital throughput for certain services.4 This figure shows the 
complex problem of simultaneously satisfying a wide variety 
of services. 

Alarm/security system 
Computer terminal applications 
Digitized telephone speech 
Picture phone 
Interprocessor bus 
Color television 
High-quality video service 

4 bits/s 
256 bits/s 
32 or 64 Kbits/s 
2 Mbits/s 
8 Mbits/s 
128 Mbits/s 
512 Mbits/s 

Figure 1-Mean bandwidth required for certain services 

In this paper we give some new ideas on a possible architec­
ture for HTIS. Then we present a project called ESCALI­
BUR,s an example of a real experience in the area of future 
networks. 

SERVICES AND ARCHITECTURE 

Three very different services should coexist in a high­
throughput interconnection structure: a telephone network, a 
video network, and a computer bus. Table I characterizes 
some of the differences of these networks. The problem is to 
know what sort of architecture is to be chosen. Some partial 
responses exist: The baseband local network6 is capable of 
supporting a data communications channef· 8

•
9 and a very 

TABLE I-Main characteristics of communication networks 

Telephone Network Video Network Computer Bus 

little bandwidth wide bandwidth very high speed 
channels channels transmission 

bidirectional unidirectional bidirectional 
state wide network building wide network room wide network 
high interactive noninteractive highly interactive 
real time real time non real time 
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limited number of telephone channels (response time and 
asynchronous characteristics of these networks are contra­
dictory to a synchronous real-time digital service). The broad­
band local network provides a communication backbone that 
can accommodate application. But the words digital and inte­
grated are not satisfied. CATV technology currently gives the 
best possibilities. For example, the MITRE coaxial cable 
LAN has been in operation since 1979. It provides the follow­
ing services: 

1. Twelve video channels 
2. One FM radio channel 
3. Voice communication 
4. One time-division multiple access data bus 

Another response to HTIS is the private automatic branch 
exchanges (PABX): telephone network and limited computer 
channels. PABX can support between 64 Kbits/sec and 72 
Kbits/sec of channel capaCity per user. 

In these examples, HTIS concepts are not fully satisfied. 
However, local HTIS can be looked upon as an extension of 
a broadband local network and a baseband local network. By 
the mid-1980s, the HTIS will include circuit-switched, packet­
switched, and nonswitched capabilities. These three sets of 
capabilities are interrelated. In some special cases, they may 
share common facilities and equipment, but the capabilities 
are interconnected. Essential characteristics of the architec­
tures of the mid-1980s will include digital transmission 
through a packet-switched network. 

The difficulty of integration comes from the necessity of 
knowing application characteristics. This may lead to net­
works having sufficient intelligence to determine whether the 
customer's information should be packet or circuit switched. 

A NEW ARCHITECTURAL CONCEPT 

To allow a superposition of telephone, video, and data trans­
fers, a new communication concept would provide the main 
following characteristics: 

1. A medium supporting 1 Gbit/sec. 
2. An access to the shared medium allowing real-time com­

munication. For example, a carrier sense multiple-access 
scheme does not permit realistic telephone traffic. 

3. Error detection depending on the customer's informa­
tion. 

4. High-throughput output interfaces. 

A project shared by the Institut de Programmation of the 
Universite Pierre et Marie Curie and the Ecole Nationale 
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Superieure des Telecommunications in Paris is beginning to 
analyze and experiment with a new concept of HTIS. This 
project is called ESCALIBUR. 

The communication medium comprises N parallel chan­
nels. In a first approach N is equal to 64 parallel lines. The 
capacity of each line is 1 Mbit/sec. This involves a relatively 
simple technology. Since the first approach uses telephone 
cables, the future use of fiberoptics will allow us to choose 
speedier lines and a larger network. 

An important part of this work is to optimize the number of 
parallel channels and the capacity of each line to reach the 
:1-Gbit/sec bandwidth. 

The new concept provided by ESCALIBUR concerns 
frame transport. A frame is carried in parallel over the net­
work. The frame structure is classical and comes from the 
HDLC standard protocol. Two kinds of frames will be used; 
they are shown in Figure 2. 

3 2 (Bytes) 
----, 

CRC for I 
I frames I 

Sender Receiver Supervisory 
Data 

address address field 
__ --.J 

Figure 2-Structure of frames 

I frames are used for asynchronous information transfer 
with strong error detection and correction. UI frames can 
transport asynchronous and synchronous traffic with no error 
correction (e.g., telephone or video traffic). 

Our switching technique is a new one for a local network 
architecture. to It is only an extension of bus principles, how­
ever, but is connected with the two first levels of ISO architec­
ture.l1 This switching technique involves a simple access logic 
to the communication medium. It avoids collisions and allows 
for a completely decentralized management. 

The topology adopted is a ring12
, 13 with a "garbage" unit to 

avoid problems with erroneous frames running around the 
network indefinitely. The access method is based on the foi­
lowing two main ideas: 

1. We use an extension of the register insertion protocol. 14 

2. A frame is only carried away by its emitter (or by the 
garbage unit if some error occurred). 

The access logic is shown in Figure 3. Access is obtained 
through five registers to guarantee the absence of collision. 
Let us describe the three possibilities. 

1. Introduction of a frame contained in the sender buffer 
R5. This is possible only if registers R2, R3, and R 1 are 
free. Nevertheless, the communicator cannot send a 
frame. 

2. Passage of a frame. When register R 1 receives a frame, 
a decoder looks at the receiver address field. If the ad­
dress is not the address of the communicator, the frame 
is copied on register R2 or R3, depending on the oc­
cupancy of these registers. If the sender address field is 

r·-·-·-·------·----·----, 
. I I . 

SYNC i R3 I SYNC 

Data i 
I 

I ·GJ IE] 

Figure 3-The ESCALIBUR network interface 

//~,., 
.;' Garbage Unit " " 

/ , 
I , 

I , 

Communicator 

.................. .--._-_ .............. 

Figure 4-The ESCALIBUR network topology 

the address of the communicator, the frame is destroyed 
in register R 1. 

3. Reception of a frame. If the decoded address is the 
address of the communicator, the frame is copied on the 
receiver buffer R 4 (and also in R 3 or R 2 if necessary). 

This access logic guarantees a finite transmission delay for a 
frame ready in R5. 

The ESCALIBUR project aims to propose a new network 
able to replace both PABX and the baseband local network. 
If the second characteristic is satisfied, the first one is more 
difficult to achieve. In effect, we have chosen an internal 
packet switching following the X25 packet format to make 
interconnection with public network easier. Packet switching 
is not appropriate for digitized telephone speech: The voice is 
converted into a digital signal by means of pulse-code modu­
lation. This technique requires synchronizations, which are 
generally incompatible with packet switching. As an illustra­
tion we can point to the difficulty of integrating digitized 
telephone voices on the Ethernet network. For a lO-Mbits/sec 
local network only 10 or so voice channels can be easily sup­
ported. In the ESCALIBUR network a circuit switch possi­
bility is mixed with the packet switch, thanks to the station's 
capacity to recover empty frames regularly. However, to keep 
the network asynchronous and to avoid the use of a main 
station to manage the network, this empty frame can deliver 



a high-throughput channel (which is larger than a PCM chan­
nel but is used either for voice traffic or for data traffic). This 
possibility, along with a correct buffering system (placed in 
each node to avoid echo problems), is the reason why syn­
chronous traffic can be transported through ESCALIBUR. 

CONCLUSION 

For future high-throughput interconnection structure, it is 
necessary to develop other new concepts and to make major 
changes in the architecture and capabilities of data commu­
nications equipment. A most important element of change 
will be that users will have a workstation at their desks with a 
digital phone, a keyboard, and a graphic screen. This necessi­
tates obtaining very high throughput not only for local but also 
for long-haul networks. Our objective with the ESCALIBUR 
project is to propose a solution for local HTIS networks. But 
with the development of fiberoptic cables,15 our solution can 
be considered feasible for networks of 50 km. 

The problem of a network's determining whether the cus­
tomer's information should be packet or circuit switched has 
still to be solved. This facility is contradictory to ISO 7-level 
architecture: Level 2 should know the parameters of level 7. 
No satisfactory solution has yet been provided. 
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A new look at computer contracts 
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Hitt, Hartwell & Knight 
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ABSTRACT 

Standard form contracts for computer sales and licenses are typically drafted pri­
marily to protect vendors by limiting their legal liability. These contracts do not 
usually playa constructive role in the management of a computer project. 

Three factors cast doubt on the enforceability of the vendor-protective provisions 
of these contracts: (a) two recent court decisions refusing to enforce these protective 
provisions, (b) the application of consumer protection laws to certain computer 
transactions, and (c) the proliferation of business computer systems among un­
sophisticated users. 

This paper discusses these factors and proposes as an alternative to these standard 
form contracts a type of contract patterned after system development methodology 
and designed to educate the customer, provide a management guide for successful 
computer system acquisition, and reduce the risk of a court's refusing to enforce the 
contract. 
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INTRODUCTION 

One of the standards adopted by the data processing industry 
is the general form of contract used for computer sales, leases, 
and licenses. Typically, these computer contracts are prepared 
by the vendor's legal staff, printed in somewhat small print on 
the reverse side of an invoice form, and designed to give the 
vendor maximum protection and limited risks. 

Three factors cast doubt on the enforceability of important 
parts of these standard contracts: 

• Two recent court decisions in which the court refused to 
enforce certain vendor-protective terms, 

• The application of consumer protection laws to certain 
computer transactions, and 

• The proliferation of business computer systems among 
unsophisticated users. 

This paper discusses these factors, their potential effect on 
contracting practices in the computer industry, and an alter­
nate approach to computer contracts. 

CURRENT STANDARD FORM CONTRACTS 

Almost all standard form contracts attempt to limit vendor 
warranties to those explicitly stated within the contract. To the 
extent that these clauses are enforced by a court, they effec­
tively cancel oral sales representations that are not repeated in 
the contract. They also, if upheld in court, do away with cer­
tain warranties implied by the law. For example, the implied 
warranty of fitness for a particular purpose provides that if a 
customer relies on the vendor to provide a system that will do 
a particular job, if he or she tells the vendor of such reliance, 
and if the vendor accepts this responsibility by providing a 
system for that purpose, the law will read into the contract a 
warranty that the equipment will achieve that purpose. 

Standard contracts generally contain language that dis­
claims implied warranties. The same statutes that set up the 
implied warranties also provide a means to disclaim them, and 
the vendor contract forms usually do so in the prescribed 
manner. 

Standard contracts also seek to limit the kind and amount 
of damages for which the vendor can be held liable. For exam­
ple, liability for consequential and incidental damages is typi­
cally disclaimed. Consequential damages include lost business 
caused by failure of the computer system. Incidental damages 
include electrical power and air-conditioning expenses in­
curred to provide the proper environment for the computer 
and personnel costs associated with attempted computer 
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usage. The usual goal of such limitations is to avoid potential 
liability for anything more than the price of the computer 
system. 

Until recently, courts have generally enforced these dis­
claimers and limitations in cases involving commercial parties, 
saying that the parties are free to bargain whatever shifting of 
risk they desire. Therefore, vendors could rest comfortably in 
the belief that their risk of a judgment greatly in excess of the 
price of the system was minimal. 

RECENT COURT DECISIONS 

Two recent decisions should cause vendors to think twice 
about how well their standard form contracts will actually 
protect them. 

The first case, Glovatorium, Inc. v. NCR, has received 
considerable attention in the computer press. The second 
case, A & M Produce Co. v. FMC Corp., has not received this 
media attention. As a matter of fact, A & M Produce Co. v. 
FMC Corp. is not even a computer case. However, the prin­
ciples of the decision appear directly applicable to computer 
cases and, taken together with the NCR case, cast doubt on 
the effectiveness of vendor protections found in standard form 
contracts. 

Glovatorium, Inc. v. NCR 

The NCR case was tried in the Federal District Court for the 
Northern District of California. The jury found for Glova­
torium in the amount of $2.3 million, which included a sub­
stantial punitive damage award and NCR appealed to the 
Ninth Circuit Court of Appeals. The Court of Appeals upheld 
the award of the jury. 

The computer system purchased by Glovatorium, a dry­
cleaning company, was an NCR 8200 minicomputer with a 
software package called SPIRIT. The price of this system was 
about $50,000; therefore, the award of $2.3 million in total 
damages was far in excess of the system price and demon­
strates the potential risk for a vendor in certain aggravated 
fact situations. (Large punitive damage awards are not gener­
ally given by trial courts and upheld by appellate courts unless 
the facts showing misrepresentation and other types of fraud 
are clear and aggravated.) 

The standard form contract used by NCR in its sale to 
Glovatorium contained the standard warranty disclaimers and 
limitations of liability; however this contract language did not 
protect the vendor once the facts of fraudulent conduct were 
proven. The court in effect threw out the protective language 
and treated the case as though the protective language were 
not part of the contract. 
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A & M Produce v. FMC Corp. 

The A & M Produce v. FMC Corp. case is, in my opinion, 
potentially more significant than the NCR case because facts 
of fraudulent conduct did not playa large role in the case. 
Instead, the California state court directly considered the va­
lidity of warranty disclaimers and limitations of liability for 
consequential damages. It found this protective contract lan­
guage of no force or effect, primarily because the judges 
simply did not think the contract language was fair in light of 
sales representations made to A & M Produce and the other 
circumstances of the sale. 

FMC sold a tomato weight-sizing machine to A & M Pro­
duce for approximately $32,000. FMC sales representatives 
convinced A & M Produce that the machine was the right type 
of equipment for them. The sales contract was a standard 
vendor-prepared document with typical fine-print provisions 
on the reverse side of an invoice. This contract excluded all 
warranties except a warranty that the machine was free of 
defects, and it excluded any liability for consequential dam­
ages. In other words, the contract was, in these respects, quite 
similar to vendor standard form contracts for computers. 

When the machine failed to operate satisfactorily, A & M 
Produce suffered the loss of a large part of the tomato crop. 
The jury in the Superior Court trial awarded A & M Produce 
$255,000 plus $45,000 in attorneys' fees. The Court of Ap­
peal, Fourth District, upheld this verdict. 

The courts refused to enforce the warranty disclaimers and 
limitations of liability, finding that these contract terms in­
volved oppression and surprise and that they reallocated the 
risks of the bargain in an unreasonable, one-sided manner. 
Some of the courts' language is instructive as to how they 
viewed the standard form contract: 

The social benefits associated with freedom of contract are 
severely skewed where it appears that had the party actually 
been aware of the term to which he agreed, or had he any real 
choice in the matter, he would never have assented to inclusion 
of the term. 

One suspects that the length, complexity and obtuseness of most 
form contracts may be due at least in part to the seller's prefer­
ence that the buyer will be dissuaded from reading that to which 
he is supposedly agreeing. This process almost inevitably results 
in a one-sided contract. 

Especially where an inexperienced buyer is concerned, the 
seller's performance representations are absolutely necessary to 
allow the buyer to make an intelligent choice among the com­
petitive options available. A seller's attempt, through the use of 
a warranty disclaimer, to prevent the buyer from reasonably 
relying on such representations calls into question the commer­
cial reasonableness of the agreement. 

Thus, the court effectively erased the protective terms in 
the contract. Furthermore, after such terms were erased, the 
court could substitute its own judgment about risk alloca­
tion, performance guarantees, and other important contract 
matters. 

The legal principles set out in the A & M Produce case are 
directly applicable to computer cases. In fact, the disparity of 

technical knowledge between vendor and many customers, 
and the types of aggressive marketing approaches used today 
in the computer industry, might well cause a court to be even 
more protective of a computer buyer than of an agricultural 
machine buyer. 

The purpose of this somewhat detailed summary of the 
NCR and A & M Produce cases is not to demonstrate the 
kinds of situations in which a court might find a contract unfair 
and unenforceable. The legal principles set out in past cases­
precedents-must be applied afresh to each new fact situ­
ation. A few changes in the factual circumstances of a case can 
make a marked difference in the result. Rather, the purpose 
of this discussion is to suggest that the standard form vendor 
contracts used in the computer industry may not provide the 
vendor the protection sought. If a court throws out all of the 
carefully drafted vendor-protective language found in most 
computer contracts and substitutes its own judgment as to 
what is fair and reasonable, the form contract provides noth­
ing but a false and misplaced sense of security. 

APPLICATION OF CONSUMER PROTECTION LAWS 
TO CERTAIN COMPUTER TRANSACTIONS 

During the last 10 years, a number of consumer protection 
laws have been passed by the federal legislature and various 
state legislatures. These laws are designed to replace the old 
"caveat emptor" (let the buyer beware) axiom with the notion 
that government and laws will aid consumers in getting a fair 
deal. 

The Magnuson Moss Consumer Warranty Act is an exam­
ple of federal consumer law. This act requires certain disclo­
sures to be made to consumers about warranties. It regulates 
the content of warranties and sets out certain warranty service 
requirements. It also provides that the Federal Trade Com­
mission (as well as private individuals) can take action to 
enforce this law. 

In California, the Song Beverly Consumer Warranty Act 
regulates warranties for the benefit and protection of buyers. 
There are also many other consumer protection laws presently 
on the books in California. 

Many other states have enacted consumer protection laws. 
All of these laws tend to define consumer and consumer goods 
broadly. For example, under federal law, a commercial pur­
chaser of an IBM Selectric typewriter may be considered a 
consumer purchasing consumer goods. Consequently, a seller 
may find that consumer protection laws apply to what that 
seller thought was a commercial transaction. 

With the availability of small and relatively inexpensive 
"personal" computer systems to small business owners and 
professionals, it is likely that many computer system sales will 
be classified as consumer sales under federal and state con­
sumer protection laws. One result of such a classification is 
that standard form computer contracts with their disclaimers 
of warranty and limitations of liability may be found in vio­
lation of these laws and, therefore, unenforceable. Further­
more, computer system vendors may find themselves subject 
to investigative and enforcement actions by administrative 
agencies such as the Federal Trade Commission. Anyone who 



has been on the receiving end of these actions knows that they 
are highly disruptive and expensive to defend against. 

It might be said that the NCR and A & M Produce cases 
reflect the application of consumer protection principles to 
commercial transactions. The courts in those cases certainly 
refused to impose what they considered an unfair deal on 
Glovatorium, Inc., and A & M Produce, the commercial con­
sumers in the cases. 

THE PROLIFERATION OF BUSINESS COMPUTER 
SYSTEMS AMONG UNSOPHISTICATED USERS 

The substantial reduction in the cost of computer hardwar~, 
the availability of mass-marketed off-the-shelf business sys­
tems and application software, and extremely aggressive mar­
keting efforts for small computer systems are resulting in the 
. acquisition of computer systems by a large number of small 
business and professional users. One characteristic of this 
marketplace is the lack of user data processing sophistication. 
Many, if not most, of these customers are first -time computer 
users, and this characteristic creates its own set of problems. 

Implementation of a computer system, even a small system, 
takes a great deal of preparation, training, and user sophisti­
cation. Computer system users must understand and accept 
their responsibilities in acquiring and implementing a system. 
For example, users must define needs with a high degree of 
specificity to ensure that the computer vendor knows what 
kind of functions the system must perform. Users must estab­
lish and conduct an effective implementation program to en­
sure that business functions can carry on during the sbJft from 
manual to computer operation. Last, users must be an integral 
part of the trouble-shooting team when problems occur. Sim­
ply calling up the vendor and reporting that the. system does 
not work will not do. 

Unfortunately, first-time, unsophisticated computer users 
are frequently unaware of these responsibilities and do not 
understand the significant impact that the computer system 
will have on their business operations. They do not under­
stand that this impact will probably be relatively far greater 
than the cost of the system in dollars or that they will have a 
key participatory role in the success or failure of the system. 

One of the tasks facing a vendor in this small-computer 
marketplace is educating the customers in their' role and re­
sponsibilities during a computer system acquisition; however, 
the contracting practices of most vendors fail to consider this 
task. Contracts emphasize protection of the vendor, not edu­
cation of the customer and management of the project. Now, 
as discussed earlier, even this protective function is of doubt­
ful effectiveness. 

AN ALTERNATIVE APPROACH TO COMPUTER 
CONTRACTS 

Why not look at a computer system contract from a new 
perspective? Instead of perceiving it as a legal document that 
no one but the lawyers really understands and that few people 
take the trouble to read, why not look at the contract as a 
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management tool-a project management plan designed to 
educate and guide the vendor and customer toward the goal 
of successful system implementation? 

Legal documents are frequently used to educate and guide 
people in their affairs. For example, corporate by-laws can 
describe to the shareholders, officers, and directors their 
rights, duties, and responsibilities. These documents are rela­
tively short and concise directives that, if followed, ensure 
conformance with laws and duties. They educate as well as set 
out legal relationships. Well-drawn estate-planning docu­
ments, such as trust documents, describe trustees' responsibil­
ities and beneficiaries' rights and responsibilities. By reading 
these documents, trustees can see what they must do to sell 
trust property and buy other property. Likewise, a computer 
contract can be drafted to guide vendor representatives and 
customers to successful system installation. Such a document 
could save all parties time and money by providing a manage­
ment guide that educates and directs effort. 

Computer System Development Methodology 

Consider the typical computer system development meth­
odology described in various texts on data processing project 
management. The phases of such a methodology might be as 

, follows: 

1. System definition phase. 
2. System design phase. 
3. System test and acceptance phase. 
4. Conversion, training, and implementation phase. 
5. Maintenance and support phase. 

Use of such a methodology is not uncommon in large systems, 
but it is uncommon in small systems where, it is reasoned, the 
system cost does not warrant a conventional development 
effort. 

Small systems may be relatively inexpensive, and price pres­
sures may limit the use of systems analysts and other data 
processing professionals. The problem is, however, that the 
impact of a small-business computer system on business oper­
ations may be enormous. Consider, for example, the effect 
failure of an inventory-control system might have on an 
inventory-intensive business like an auto parts store. Small 
businesses can fail and have failed because of computer sys­
tem failure. 

It may not be realistic to suggest that a business owner 
purchasing a $10,000 computer system hire an analyst at $40 
to $60 per hour to manage the purchase, although such a 
decision should be guided more by risks and consequences of 
failure than by the price of the system. However, at least the 
business owner should be informed and guided in some way 
through the complex process of a system implementation. It 
is certainly in the interests of the computer system vendor to 
minimize the amount of necessary customer hand holding and 
the number of trouble calls from the customer--or the risk of 
a lawsuit. 
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Implementing Methodology via the Contract 

The contract should describe and provide a management 
tool for implementing the methodology. It should be a project 
olanniflll document as well as a leeal document. No maeic 
~ords ~e needed, and technical t;rms of art shotIld be ~as 
prevalent as legal terms of art. 

The following discussion is not intended to prescribe the 
form of the contract, nor does it address all of the legal consid­
erations the contract should cover. The purpose of the ideas 
set forth is to demonstrate how the contract can contribute to 
the goal of achieving a successful installation. 

System definition 

The contract should incorporate specifications of system 
needs. This can be done by including these specifications in 
the contract or by referring to other documents, such as a 
functional specification, and incorporating these documents 
into the contract. Such a contract provision should, first of all, 
point up the requirement for a written specification. Often, 
prospective buyers never objectively and specifically deter­
mit:Ie their needs, much less write them down. Even in a small 
system acquisition, a buyer can describe, in writing, the way 
his or her business functions and its special problems and 
considerations. 

If buyer needs are not specified, there will be a real risk that 
the vendor does not understand what must be done. Further­
more, there will be no objective way to determine whether or 
not the system does what it is supposed to do, and if a lawsuit 
occurs, it will be more difficult and expensive to prove 
whether or not the system was defective. 

Warranties are also much more meaningful if they are set 
out in this manner. The effect of a functional specification is, 
in many cases, to warrant that the system will perform the 
specified functions. Such warranties help buyers by informing 
them of what the vendor is promising to do. They help the 
vendor by limiting performance promises to what is contained 
in the specification, assuming that oral sales representations 
and written performance specifications are substantially 
similar. 

Furthermore, a court is less likely to throw out or ignore 
contract terms if they seem fair. Specifying in writing what a 
system will do seems much fairer than making oral sales prom­
ises and then repudiating them in the "fine print" of a con­
tract. 

System design 

If the system software is to be developed especially for a 
particular buyer, design specifications are required to inform 
all parties involved what is to be done and how. Even in the 
case of off-the-shelf software, the functional specification will 
provide a way to match buyer needs with a package that will 
meet those needs. If no package will fit the needs in every 
respect, necessary changes (either to the software or to th~ 
business operations) can be identified more easily if the busi­
ness operations and needs have been previously described, 
documented, and incorporated into the contract. 

System test and acceptance 

This may be one of the most critical phases of a computer 
system acquisition from both a legal and a technical point of 
view. If a properly designed, planned, and executed test and 
acceptance procedure is accomplished, all parties can gain a 
high degree of assurance that the computer system will do the 
job it was designed to do. If this phase is done haphazardly, 
system problems may not surface until the buyer is actually 
using the system. Problems that arise during the operational 
use of a computer system are the ones that hurt the most and 
lead to lawsuits. 

My experience in the litigation of computer cases has been 
that the last step in the acquisition process where problems 
can be discovered and corrected without serious adverse ef­
fects on business operations is this system test phase. Despite 
the importance of this phase, it is often given little attention 
and concern. Standard form contracts currently in use are 
almost invariably designed to get the user to sign off as soon 
as possible rather than to ensure that a proper test and accept­
ance procedure is employed. 

Consider what a good system test requires. First of all, good 
functional specifications are needed. Not only must these 
specifications describe the needs to be met, but also objective 
measures of satisfaction of those needs must be developed 
against which to test system performance, whether a separate 
test specification or simply a comprehensive functional speci­
fication. The contract can and shouid set out the test proce­
dures, the method of objective measurement of performance, 
the location of the testing, the personnel to be used, the type 
of data to be used, the procedure for isolating and reporting 
problems, and other considerations relevant to performance 
testing. This can be done in the contract itself or in another 
document that is referred to and incorporated into the con­
tract by such reference. 

The contract should also specify the procedure for accept­
ance of the system by the user. There frequently exists a 
serious discrepancy between what is called acceptance in the 
contract (if it is mentioned at all) and the practical require­
ments of an intelligent acceptance procedure. Perhaps an au­
tomobile can be intelligently accepted after a short period of 
driving it, but computer systems, depending on their size and 
the nature of the operations they support, may take several 
weeks to several months before users can be said to have had 
a reasonable opportunity to determine if their system does 
what is supposed to do. The law will give them this oppor­
tunity. 

Rarely, particularly in small systems, does the contract or 
any other document make adequate provision for a reason­
able test and acceptance procedure. The result of this situ­
ation is a dispute waiting to happen. Without an adequate test 
and acceptance procedure, users may not find problems until 
they have used the system operationally for weeks or months. 
The disputes that arise in this situation are the kind that 
frequently lead to lawsuits. 

If a dispute does arise, despite the use of a good test and 
acceptance procedure, it can be resolved with much greater 
ease if there are objective ways of determining system per­
formance. 



Conversion, training, and implementation 

The inexperienced buyer of a computer system is frequently 
not aware of the potential magnitude of the tasks of data 
conversion, training, and implementation. Even in small sys­
tems it may take days or weeks to get through this phase 
successfully. The contract should address the requirements of 
data conversion, training of user personnel, and imple­
mentation of the system into the user's operations. If these 
matters are addressed in the contract, and if the contract is 
used as a management tool to be read and understood, users 
can be educated and informed of the requirements of this 
important phase and vendors can gain some degree of assur­
ance that, when they believe the project to be nearly finished, 
major problems in getting the system running will not arise. 

If these matters are not discussed and resolved early, they 
may create another area of potential dispute. As noted ear­
lier, these disputes may grow into expensive and disruptive 
lawsuits. 

Maintenance and support 

This area is sometimes covered by a maintenance con­
tract, usually drafted by the vendor's attorney to protect the 
vendor. Maintenance contracts that a court sees as unfair or 
unreasonable are just as likely to be struck down as sales 
contracts. Furthermore, lack of user knowledge and fore­
thought in this area can be just as destructive to a potentially 
successful transaction as they can in any other area. 
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The contract should discuss maintenance and support re­
quirements up front, before these requirements turn into 
emergencies. For example, a user requirement for one-hour 
maintenance response can be discussed reasonably when the 
contract is being negotiated. Such a discussion held 15 
minutes after a retail point of sale and inventory system goes 
down in the middle of the Christmas rush is likely to lead 
quickly to heated words and disputes with lawsuit potential. 

CONCLUSION 

This paper has discussed certain court decisions, laws, and 
marketplace characteristics that affect computer contracts and 
has proposed an alternative to the standard contract currently 
in use. This alternative is designed to educate, provide a man­
agement tool, prevent problems, and maximize the chance of 
a successful computer system project. 

Viewing the contract as a management device rather than 
as a legal document with no real bearing on practical con­
siderations will benefit both computer vendors and their 
customers. Vendors will benefit from certainty in their obli­
gations, education for their customers, and happy and satis­
fied customers. Buyers will benefit from effective methods to 
ensure that their needs are defined and met with minimum 
adverse impact on business operations. 

In this age of proliferation of highly sophisticated computer 
systems into business, professional, industrial, and education­
al entities, it is high time the industry changed its approach to 
contracting from a protectionist one to a success-oriented one. 
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ABSTRACT 

This paper considers a paradigm for the development of software through the use 
of a complete, integrated-design database. A prototype information system for the 
implementation of information management systems is then described. This tool 
manages the requirement definitions, the process and data flow, and all design and 
operational documentation. Using a relational-data model and program specifica­
tions, it generates programs in a selected target language. The results of two years' 
production use are presented, and the potential for transfer of the concept is 
examined. 
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INTRODUCTION 

One convenient mechanism for generalizing about progress in 
computer technology is to speak of generations. Thus, the 
Japanese are developing a fifth-generation computerl that will 
be an order of magnitude of improvement over the von Neu­
mann computer, and language developers are working on 
fourth-generation languages2 that will result in an order of 
magnitude of improvement in productivity over conventional 
high-order languages. 

If we follow this analogy, we should be looking to a fourth­
generation development environment. The first generation 
required hands-on manipulation of code and data, the second 
generation used punched cards and their electronic equiv­
alent, and the third generation added libraries of tools and 
databases to support aspects of the life cycle. In this context, 
a fourth-generation development environment would provide 
uniform, integrated support to the full life cycle development 
process. This includes, of course, the maintenance and config­
uration management activities that constitute roughly half the 
total system cost. 

Since the end result of computer system development is a 
machine-sensible product, one would expect practitioners in 
the field to have developed full-support automated tools. Un­
fortunately, this is not the case. Source programs are still 
retained as modified card images in files. Access to and con­
trol of programs are normally left to general file management 
programs. The contents of the program text are usually man­
aged by the compiler with little analyzed data preserved in 
machine-sensible form. The link loader manages object pro­
grams without providing much system structure information. 
Standalone and integrated packages may manage the data­
base or data dictionaries. Word processing is used to record 

~ STANDARD DEVELOPMENT CYCLE 

~ NONINTEGRATED ADJUNCT 

~ FULLY AUTOMATED PARADIGM 

Figure I-The role of automation in the production life cycle 
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requirements and specification documentation. Independent 
tools may support project management, test reporting, config­
uration management, and so on. 

Figure 1 illustrates the role of automation in the current 
production model. Most machine-sensible products are not 
created until the process of coding begins. Coding is complete 
(for a given build) before testing begins; the coded product is 
used during operations. Superimposed upon the coded prod­
uct is a nonintegrated, machine-sensible adjunct !o the prod­
uct. This adjunct includes text-processed documentation, in­
dependent reporting tools, standalone specification data, and 
so on. Clearly, our goals should be directed toward an inte­
grated support environment that manages all information for 
each step of the process and links data among development 
processes. This is called the fully automated paradigm; as 
shown in Figure 1, it treats the system design information 
(requirements, specification, code, test data, etc.) as a single 
integrated database. 

In what follows, a prototype fourth-generation develop­
ment environment is presented. This system, The Environ­
ment for Developing Information and Utility Machines 
(TEDIUMTM, a trademark of Tedious Enterprises, Inc.) has 
been in production use at the Johns Hopkins Medical Institu­
tions for over two years. The tool is directed toward a specific 
application set: the information management system (IMS). 

The IMS is characterized by its use of commercially avail­
able hardware and software, its reliance upon a database, and 
its lack of realtime demands beyond those normally associated 
with interactive processing. The useful life of an IMS normally 
is 5 to 10 years; perhaps 75 percent of all commercial EDP 
activity is related to IMS projects. 

The IMS provides a convenient target for a fourth­
generation design environment. There is little technical risk 
associated with a project. That is, because of its reliance upon 
off-the-shelf products, there is little doubt whether the tech­
nology will be able to support the application. There is, how­
ever, great application risk-that is, risk that the finished 
project will not meet the users' needs. This failure to produce 
acceptable results is a major problem in IMS development. 
For example, surveys show that 52% of the requested applica­
tions are backlogged for two or more years. 3 Further, one 
report indicated that of the software undertaken, 75% was 
never completed or not used if completed.4 

Figure 2 presents an overview of the state-of-the-art with 
respect to these two axes of risk. While a fully automated 
paradigm may be appropriate for all system development, it is 
reasonable to narrow the scope for prototype development. In 
the case of TEDIUM, the application area is the IMS in 
general and clinical information systems in particular. The 
latter manage clinical data in support of patient care. The 
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Figure 2-Two axes of development risk 

primary challenge is the definition and refinement of require­
ments in a dynamic user environment. Once the needs are 
established, there is little difficulty in transforming them into 
a final product. (Of course, the previously cited performance 
statistics suggest that although implementation may not be 
difficult, mere implementation does not imply that there will 
be a satisfactory prodUCt.) 

METHOD 

TEDIUM is a comprehensive methodology and environment 
intended to support the development and maintenance of an 

IMS. It operates upon a database containing all the machine­
sensible information about the target IMS. In this sense, it is 
an information system for developing information systems. As 
an IMS, TEDIUM is implemented using TEDIUM. 

The target applications for which TEDIUM was designed 
are moderate to large IMSs with heavy user interaction, a 
limited understanding of the final requirements, and sophis­
ticated data structures. These are custom-built systems that 
require from one-half to twenty man-years of effort. Though 
TEDIUM clearly has the ability to act as a report generator 
or "programmerless" application generator, its design capa­
bilities are considerably broader. Various aspects of the sys­
tem and its implementation techniques have been described in 
detail elsewhere. The remainder of this section contains an 
overview of TEDIUM and provides references for further 
reading. 

A model of the IMS development life cycle is presented in 
Figure 3. Although it resembles the traditional waterfall dia­
gram, this schematic shows the process as a series of trans­
formations between environments. The underlying concept is 
that we must first understand each operational environment 
before we can develop the tools needed to support the trans­
formation of knowledge from one environment to another. 

The application environment is the arena in which the sys­
tem will be used. The needs of this environment establish 
what is to be done; its procedures are generally altered by the 
delivered IMS. (This is a combination of the Heisenberg Un­
certainty Principie and a fundamentai restructuring of the 
environment. ) 

The analyst's description of what the IMS is to do is created 
in the development environment. The description usually con­
sists of text and diagrams limited to the scope of the IMS. Part 

SYSTEM MAINTENANCE 

APPLICATION ENVIRONMENT 

SYSTEM USE 

ENVIRONMENT SYSTEM DOCUMENTATION 

SYSTEM OPERATIONS ENVIRONMENT 

DEVELOPMENT S7 OPERATION 

Figure 3--A model of the system life cycle 



of the description is used only during the development phase; 
other parts (e.g., user manuals) are required throughout the 
life cycle. 

In the design environment there is a translation of the de­
scription that tells what is to be done into a specification of 
how it is to be done. The form may be either text or a formal 
specification language. This specification is translated into 
instructions that can be executed. The process is an expansion 
of the design into code (commonly called programming). This 
function is carried out in the implementation environment. It 
is supported by the system operation environment that repre­
sents the hardware and software (e.g., computer and oper­
ating system) used for testing and the operation of the finished 
application system. Not shown in the figure are the necessary 
feedback loops or overlaps due to phased implementation. 

In this development model there are five major trans­
formations. The first is from the application to the descrip­
tion. It is independent of programming language, operating 
system, and computer equipment. The description is typically 
documented as text that is partially maintained throughout 
the system's life cycle. The next transformation is from the 
descriptive text to the design specification. If a formal specifi­
cation language is used, this is a translation from a text docu­
ment to an unambiguous description of how the system shall 
be implemented. (Some software engineering documents 
limit the role of formal specifications to the requirements that 
simply describe what is to be done. It is now generally recog­
nized that it is impossible to always separate structure from 
behavior; thus this convention is not used with TEDIUM.) 

The design specifications are based only upon the descrip­
tion and are independent of the application environment. 
They also are generally independent of the implementation 
language and target system. The next two transformations 
involve the conversion of the design to an' implementable 
product and a test of that product in a system operations 
environment. For the target applications, there is little tech­
nical risk in these transformations. The major concern is that 
the design specifications satisfy the application environment 
needs. 

The final transformation is system maintenance. System 
maintenance consists of (1) correction of errors and (2) 
changes and expansions to the system. In either case the 
process involves each activity required during the initial de­
sign. For system maintenance, however, the problem may be 
complicated by the fact that key analysts and documentation 
are not available. The model shows system maintenance as a 
feedback loop that restarts the cycle. (This flow is described 
in greater detail by Blum.S

) 

TED IUM uses this development model to structure the 
design process. It begins with a statement of requirements 
that is developed within the application environment. These 
requirements are produced by the users and application de­
signer. Though in some cases diagrams may be used, the 
requirements are normally text descriptions. Where the re­
quirements are well understood, they are written in document 
format; for less well-understood requirements, an outline fre­
quently suffices. The process of requirement definition is in­
tended to document mutual understandings and to work 
toward the establishment of the users' true needs. The system 
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requirements, therefore, do not act as a fixed document that 
initiates the design activity (i.e., a "build to" specification). 
Rather, the requirements represent an initial step in a con­
tinuing user-designer dialogue. (The overall process is called 
system sculpture and is further described by Blum and 
Houghton. 6) 

Once the requirements for an application (or build) are 
established, the requirements are decomposed into processes 
and data groups. There is no algorithm for the allocation of 
requirements to processes and data; it is a highly subjective 
and personal activity. Of course, the general principles of 
structured analysis apply. One requirement may initiate many 
processes (data groups); one process (data group) may satisfy 
many requirements. Following the examples of Jackson and 
Warnier, we have made the notation for processes and data 
symmetric. Depending upon the application, the designer ini­
tially may elect to concentrate on processes or data groups. 
Both processes and data groups are documented as text. 
Again, outlines may be used where uncertainty exists. 

Although there is freedom to work within the design meth­
odology, the final design of an application must reach equi­
librium and completeness. This is accomplished when all 
requirements are satisfied by at least one process or data 
group, all processes and data groups satisfy at least one re­
quirement, and a data flow exists that includes each process 
and data group. And finally, the requirements, processes, and 
data groups must have been organized in hierarchical struc­
tures (outlines). 

The activity just described represents the transformation 
from the application environment to the description environ­
ment. TEDIUM supports this process by managing the hier­
archy nodes and text of the requirements, processes, and data 
groups. It also provides links between the various entities and 
thus controls the descriptive network. Text recorded in the 
descriptive environment may be flagged with respect to im­
portance (great, moderate, detailed) and potential audience 
(general, user, programmer, operator). TEDIUM provides 
tools to extract and organize text based upon .class, im­
portance, and audience in order to produce general docu­
ments and manuals. Thus, the requirements and design data 
are seen as an initial step in a continuing process of refinement 
that produces the final application documents. (The docu­
mentation process and data structures used to support it are 
presented in greater detail by Blum.7

) 

Once the descriptive environment material is available, the 
transformation to the design environment begins. Processes 
are decomposed into executable entities (programs) and data 
groups are decomposed as relations (tables). Again, programs 
and tables are linked to the processes and data groups that 
spawned them. This many-to-many map is also maintained by 
TEDIUM. It facilitates maintenance by directly linking any 
program or table with the system elements or requirements 
that it affects. Of course, the validity of these links depends on 
the judgment and dedication of the application designer. 
Though the network can get out of date, the relative ease of 
update and the ability to produce cross-references to highlight 
inconsistencies represent improvements over traditional docu­
mentation methods. 

Figure 4 summarizes the linkage of the various descriptive 
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FLOW DATA GROUPS 
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PROGRAMS TABLES 

Figure 4-System definition network 

and design components. Several points should be noted. First, 
the documentation process is not mandatory. One can define 
programs and tables without starting with requirements. For 
small, limited-use applications, written requirements are not 
prepared. Second, the definition network allows the designer 
to conceive of the system as a network with neither top nor 
bottom, even though processes and data groups are repre­
sented as a hierarchy-that is, data flow is possible between 
data groups at one level of depth and processes at another. 
Consequently, data flow diagrams that impose a system hier­
archy upon the data-process interactions may be managed by 
TEDIUM; however, they are the exception rather than the 
rule when the TEDIUM design methodology is used. (A more 
complete discussion of the design methodology with sample 
descriptive outputs is given by Blum and Brunn.B

) 

-- Once the programs and tables have been identified they can 
be specified. An underlying axiom of TEDIUM is that it 
should minimize duplication and provide immediate access to 
all established application design information. This is most 
easily illustrated by considering the process of table defini­
tion. (Because TEDIUM relies heavily upon user interaction, 
the term table was selected in place of the more threatening 
term relation.) 

The TEDIUM data model uses tables with multiple, 
variable-length keys (index elements) and variable-length 
records containing zero or more data elements. Unlike a true 
relational model, it always orders the entries in a table by 
index element. (This knowledge of access order is essential 
when one is producing applications for small systems with no 
DBMS facilities.) The short notation used by TEDIUM is 

PATIENT(PATID) = NAME,AGE,RACE,SEX 

where PATIENT is the table name, PATID is an index term, 
and NAME, AGE, RACE, and SEX are data terms. The 
underlining of PATID indicates that it is a defined term. That 
is, the table PATIENT will act as a dictionary for values of 
PATID. All attempts to enter a value of PATID that is not 
already in the table PATIENT will be rejected (unless, of 
course, this feature is overridden within a specification.) 

The TEDIUM data model also allows the creation of 
secondary tables that are subsets of a primary table. For exam­
ple, the table 

PATNAME(NAME,PATID) 

is a name index to PATIENT. (PATID is required to provide 
uniqueness for patients with the same name. There are no 
data elements.) 

The process of defining these two tables can be done in a 
five-minute interaction session. Once the table definition op­
tion is selected, the table name is prompted for. If it has not 
yet been defined, it is added to the database. Descriptive text 
information about the table is also requested; this may be 
supplied now or added at a later date. For new tables, 
TEDIUM prompts for the index and data elements. Again, if 
the element has not been defined, it is added to the data 
dictionary. Element definitions contain an external name 
(used for prompts), the data type and format, optional valida­
tion criteria, and text description. After the data element has 
been established, the system allows the user to add attributes 
to the element within this table, that is, defined, mandatory, 
optional, defaulted to a given value, initialized as a given 
value, and so on. (A more complete description ofthis process 
plus a sample dialogue and printed table listings are contained 
in another paper. 9) 

The TEDIUM schema contains all table and data element 
definitions. The definitions include both formal parameters 
and free text. (User requests for information about an ele­
ment first display the text; a subsequent request produces the 
formal parameters and validation criteria.) The data types 
include fixed and variable-length strings, integer and real 
numbers, date and time. There is also a text data type that 
calls in the text processor for each input request and the text 
formatter for all writes. The TEDIUM requirement table, for 
example, has the following general format: 

REQUIRE(APPLICATION ,REQUID) 
= REQNAME,REQTEXT 

where REQNAME is defined as a variable-length character 
string of maximum length 120 and REQTEXT is a text data 
element of arbitrary length. 

Programs in TEDIUM are defined by use of minimal speci­
fications. The minimal specification is the least amount of 
information needed to produce the program within the con­
text of a given system style and the design database. That is, 
one should be able to give a programmer a minimal specifica­
tion plus the schema and a style manual and, without any 
further interaction, receive a complete and correct program 
that fully satisfies the specification and style requirements. 
For example, given the system style currently in use at the 
Johns Hopkins Medical Institutions, the specification for a 
program that would add, edit, delete, list, change index 
values, and produce table listings for the table PATIENT and 
also maintain the consistency between the tables PATIENT 
and PATNAME would be 

Entry program for the table PATIENT 



The "Entry" program is an illustration of a generic pro­
gram. It is a template that accepts specific required and op­
tional commands in order to fully define a program. Another 
example of a generic specification is that for a program to 
search through the name index (PATNAME), list out all pa­
tients who match a given root name, allow the user to select 
a patient (or indicate that no patient was found), and return 
the value of the selected patient's NAME and PATID (or the 
not-found code). This would be written 

Prompt program for table PATNAME 
Input is NAME 
Output is NAME,PATID 

In each of these cases the program specification is given as 
nonprocedural statements. Unfortunately, few applications 
can be specified exclusively through the use of nonprocedural 
statements. Thus TEDIUM provides the TEDIUM language 
either to augment generic specifications or to create complete 
specifications. 

Commands in the TEDIUM language tend to be house­
keeping-free and application oriented. For example, in the 
JHMI style, the PRompt command 

PR CONTINUE PROCESSING (YIN) 

will print out the string CONTINUE PROCESSING (YIN) 
and read an input. If the input is null, it is set to Y. If the input 
is the escape character, an abnormal program return is made. 
If the input is a question mark, then a help message is printed. 
(If none exists, then [NO HELP MESSAGE AVAILABLE] 
is printed. The user has tools to add or alter help messages 
after system delivery.) If the input is not Y ,N, or any of the 
above, then the system prints [ERROR] and repeats the 
prompt. Note how the use of this command assures both 
completeness and consistency in the final product. (Alternate 
styles might accept Y,YE,YES,N,NO function keys, etc.) 

All TEDIUM commands are written as five fields: 

• An optional label 
• An optional guard that contains a predicate which must 

be true if the statement (or block started by the state­
ment) is to be executed 

• A mandatory operand 
• Parameters for the operand· 
• Optional control fields that indicate where control should 

be sent after normal or abnormal execution of operand 

This command structure builds a GOTO into each statement. 
Although this may seem to violate current thinking, it is effec­
tive for TEDIUM specifications because 

• Specifications are compact and short: normally one CRT 
screen-full, seldom longer than an 8! x 11" printed page. 

• All procedural statements are always printed in a box 
with labels outside the box to the left and control state­
ments outside the box to the right. With this format, 
control flow and block structure are much easier to rec­
ognize than in the more commonly used nested style. 
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All generic programs are written as expansions of 
TEDIUM statements and nonprocedural inputs. Nonpro­
cedural statements are used for entry and exit assertions. All 
generic programs allow the insertion of TEDIUM commands 
at key points in their flow. Thus one can create a generic 
program and modify it with custom statements that will alter 
the flow, function, or interface. A common practice in the 
TEDIUM environment is to generate a program with the 
desired functionality quickly and then, based upon designer 
and user experience with the interactive flow, modify the 
program; hence the term system sculpture. (A more complete 
discussion of the specifications, system style, the command 
language, and the method for creating generic programs may 
be found elsewhere. 10) 

Programs are defined as a program specification and a 
frame specification. The frame is a generalization of the out­
put environment-interactive or batch, scroll or page, or 80 or 
132 characters wide, for example. The frame definition may 
contain head and foot lines and other specific features which 
facilitate the maintenance of uniformity within an application. 
The frame allows programs to process output according to the 
execution mode. Thus, reports being printed interactively will 
recognize the end of the screen and prompt to continue or 
quit. When execution is in the batch mode, the page size is 
adjusted and the prompt is ignored. Since this is managed by 
the frame, the same program specification and program gen­
erally are used for both interactive and batch reports. 

Design is completed when the table schema and program 
and frame specifications are complete. Since TEDIUM uses 
the concept of minimal specifications, the translation from the 
design environment to the implementation and systems oper­
ations environment is a mechanical task which requires no 
knowledge beyond that already available in the design data­
base. TEDIUM takes advantage of this fact by generating 
programs from the design database. Figure 5 illustrates the 
flow. 

TABLE SCHEMA 

ELEMENT 

DICTIONARY 

PROGRAM 

GENERATOR 
t---~ CODE 

PROGRAM DEFINITION 

/ \ 
PROGRAM FRAME 

SPECIFICATION SPECIFICATION 

Figure 5-Code generation tree 

The generation of programs is a function of program style. 
Since the TEDIUM specifications are implementation inde­
pendent, the target language is arbitrary. For example, the 
flow presented for the PRompt command could be imple-
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mented in almost any language. The initial prototype of 
TEDIUM (called SIMPLE) was designed to produce COBOL 
outputs. The present version generates MUMPS using a cus­
tom coded generator. The next-generation system, currently 
under development, will have the generator written in 
TED IUM and will be designed to produce MUMPS, 
COBOL, and other target languages. This will provide the 
tools for users to produce programs that conform to their 
individual target styles. 

The final development process of the life cycle model is 
maintenance. TEDIUM supports the maintenance process by 
providing online and printed access to the entire design data­
base. A query capability is available from all specification 
definition screens. It allows the user to identify programs, 
tables, frames, and elements, and to examine their contents 
arid structure. Online access is also provided to cross refer­
ences that indicate, for each program, what programs call and 
are called by it and what tables are read and written by it. 
Similar information is available by table name. Program struc­
ture listings present a call tree for a root program. All of these 
listings are derived from the design database and are always 
accurate and timely. Because the TEDIUM programs are 
written in TEDIUM, it is easy to add new functions to the tool 
base. 

RESULTS 

TED IUM has been in production use since the summer of 
1980. There have been 15 or 20 different people using the 
system. Since 1981 virtually all programming by a staff of eight 
has been done with TEDIUM. Four TEDIUM users are per­
sons with no previous professional programming experience; 
after six months of experience, each was able to work inde­
pendently with users in the design and implementation of 
applications. The obvious conclusion is that---even though 
documentation and training materials are severely deficient­
the product is understandable at the level of specification and 
generation. Two other questions remain: (1) can TEDIUM be 
used to support the development of complex systems as its 
design objectives intend, and (2) do the features of TEDIUM 
improve productivity? Each is addressed below. 

Scope of Systems Generated 

TEDIUM is being used to implement applications that are 
put into production use. Five major applications have been 
implemented. 

• TEDIUM.-All of TEDIUM except the program gener­
ator and selected utility programs are written in 
TEDIUM. Work on this version of TEDIUM was frozen 
in September 1981. 

• SOCIAL WORK.-A small system used for manage­
ment by objective, it was the first complete system to be 
implemented. It has been frozen since June 1981. 

• CORE RECORD.-A prototype ambulatory care sys­
tem was implemented in three clinics, accounting for 

75,000 visits a year. 11,12 This version of the system was 
frozen in December 1981. 

• ONCOLOGY CLINICAL INFORMATION SYSTEM 
(OCIS).-A major tertiary care system13 with protocol 
directed patient management,14 this has been repro­
grammed using TEDIUM. Work on system expansion 
continues. 

• OPERATING ROOM SCHEDULING.-This sub­
system for the Department of Anesthesiology is in pro­
duction use; work continues on it. 

Table I summarizes the approximate size of each application. 
It can be seen from these brief descriptions that TEDIUM can 
be used to produce complex systems. 

TABLE I-Overview of TEDIUM-generated applications 

Operational 
Application Date Tables Elements Programs 

TEDIUM 8/80 105 175 318 
SOCIAL WORK 3/81 21 78 94 
CORE RECORD 3/81 85 245 533 
OCIS 6/81 456 1,251 2,177 
ANESTHESIOLOGY 1182 20 66 166 

Productivity 

Productivity is generally measured in terms of lines of code 
per unit of work. This measure is imperfect because there are 
no uniform definitions for a line of code. Moreover, the mea­
sure includes only an indication of the bulk of the delivered 
product. Lines-of-code measures do not address utility of the 
delivered product (Gladden states that 37% of the systems 
started were delivered but not used4), or the impact of main­
tenance (generally considered to be at least half of the total 
life cycle cost.) Software science provides improved measures 
for volume and effort but does not address the other two 
variables. 

TABLE n-Some productivity measures 

Equivalent 
Lines per man-day Custom Codea 

Activity Effort TEDIUM Generatedb MUMPS COBOL 

Start-upC 10 man-years 13.8 
Anesthesiologyd 10 man-days 35.3 
Symposiume 10 man-days 45.5 

101 
247 
402 

50 
125 
200 

280 
700 
900 

aEstimated lines of custom code in the target language necessary to produce the 
same functionality, Based upon analysis by the author. IS The figures on COB­
OL are of questionable accuracy but do indicate rough orders of magnitude. 
bGenerated lines are based upon 30 characters per line of MUMPS code. 
CAll programmer activity from the time TEDIUM was first available to the end 
of 1981. Includes training of new employees, debugging of TEDIUM, etc. 
dPrototype of the operating room scheduling system. First use of TEDIUM by 
the analyst. 10 

eA symposium program management system developed by the author and a 
novice. 16 



Table II summarizes three exercises in measuring TEDIUM 
productivity. More detailed analysis will be initiated when the 
major system we are working on is frozen. Each system cited 
is in operation and fully satisfies the users' needs (to the extent 
that this can be done within resource constraints). Finally, 
long-term maintenance will be facilitated because 

• The size of the specifications is one-seventh the size of 
the generated programs; thus, there is less to maintain. 

• Programs are generated from specifications and the data 
model definitions, so documentation is always correct 
and up-to-date. 

• TEDIUM's automatic generation of cross-reference 
indices and set/used tables facilitates maintenance. 

• The linkage between programs and user documentation 
is part of the TEDIUM program. 

DISCUSSION 

There are very few systematic attempts to address the prob­
lems of managing the software life cycle. Most tool devel­
opment is directed to standalone, nonintegratable packages. 17 

Most of the work on specifications ignores the maintenance of 
a bidirectional link between the design and the delivered 
product. The computer generally is used as a passive store for 
design information without any provision of access to the 
knowledge imbedded in it. Too much of the design and coding 
effort is spent on the mechanical and repetitive translation of 
general, predictable requirements into programs-a process 
that is time-consuming and imperfectly executed. Clearly, 
there is a need to establish a conceptual framework for the 
development of automated tools that can manage this activity. 

This paper began by outlining a fully automated paradigm 
for the development life cycle. It continued by illustrating 
how-for a specialized application area-a prototype envi­
ronment is approaching this problem. It also suggested that 
the use of this tool offered an order of magnitude of im­
provement in productivity, a necessary condition for a fourth­
generation development environment. While this specific 
product is of significant use to a small user community, the key 
issue is how the concept of a fully automated paradigm will 
affect the process of software development. 

First, we must question whether products such as TEDIUM 
are transportable. Because TEDIUM represents such a sig­
nificant change to the established life cycle model and product 
development flow, there is bound to be strong resistance. The 
barriers are the existence of program libraries and databases, 
investments in programmer/analyst training, emotional dis­
trust, competition with proprietary products, variation in local 
styles and needs, and the presence of backlogs that preclude 
reassignments from production tasks to training in new 
methodologies. 

The technical barriers are relatively simple to address. 
TEDIUM currently runs on a minicomputer within partitions 
of less than 10K. The system can be installed on a micro­
processor-based system with four terminals, a printer, and 
30M disk for about $20,000. This analyst station could support 
all development and rapid prototyping and send the generated 
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code to a target machine for compilation and final testing. 
With the program generator written in TEDIUM, system pro­
grammers could adapt the system style to meet local needs or 
to interface with tools such as a DBMS, distributed processing 
software, and so on. Thus, if the social and emotional barriers 
can be overcome, the product is transportable. The growth in 
popularity of "programmerless" systems demonstrates how 
flexible the user community is. 

Another question of equal importance relates to the mar­
keting of such fundamentally different products. In his review 
of information systems in the 1980s, Wei 1 notes that, because 
of a need for stability and support, the number of independent 
software houses will be limited to a dozen or two out of the 
universe of hundreds. 18 This implies that, barring a phenom­
enal success story, leadership in the distribution of fully auto­
mated environments will have to come from the established 
vendors. And each of these already has products that claim to 
provide fourth-generation functionality. 

In conclusion, therefore, we see that there is a user com­
munity need for continuity and support and an established 
vendor need to build on existing product lines. Both these 
needs reinforce the status quo-hence the resilience of FOR­
TRAN and COBOL. Thus, a fully automated paradigm may 
find wide acceptance only with fifth-generation computer sys­
tems. In the meantime, however, TEDIUM provides an effec­
tive tool for high application risk IMS projects. And though 
the goals of TEDIUM development are limited, it is hoped 
that our experience will encourage others to consider alterna­
tive methodologies for a fourth-generation design environ­
ment. 
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A metric of estimation quality 
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ABSTRACT 

This paper reports on a metric of the estimating process called Estimating Quality 
Factor (EQF). EQF is used to gauge progress in estimating technique and to 
provide an easily measurable standard for good estimating. 
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INTRODUCTION 

You cannot control what you cannot measure. Anything you 
do not measure is almost certainly out of control. To say that 
the estimating process for software is out of control would be 
relatively kind: In a recent metric survey! I conducted, esti­
mated development efforts were plotted against actual efforts, 
giving the dismal result shown in Figure 1. The caption of 
Figure 1 may be overly optimistic, because a number of par-
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Figure I-The State of the Art of Software Estimating? 

ticipants dropped out of the survey before completion, and 
there is every reason to suspect that those who drop out of a 
productivity survey tend to be among the lower-than-average 
performers. 

Software cost estimates are notoriously poor. In a recent 
chemical plant construction project, support software was de­
livered at a cost nearly 400% of the original estimate; the 
construction effort was delivered within 9% of its estimate. 
One very evident difference between the methods used by 
construction estimators and those used by software estimators 
is that construction estimators keep rigorous and formal 
records on the quality of their estimates; software estimators 
do not. A prevailing software industry standard is to lose 
estimates the moment they are found to be wrong so that, by 
the end of a project, no one can say for sure just how bad the 
original estimates were. 
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As the software discipline matures, we will need to adopt 
some of the methods used by estimators in other fields in 
order to be able to approach their performance. In particular, 
we will need to formulate a precise and verifiable measure of 
estimation quality and use that measure to analyze and im­
prove the estimating process. This paper describes one such 
measure. 

ASSESSING THE QUALITY OF AN ESTIMATE 

The quality of an estimate must be judged with respect to the 
duration of the unknown. Estimates generated when manage­
ment typically requires them-first microsecond of the 
project-should be expected to have wide tolerances. Later 
estimates, say from the project 50% point, should have con­
siderably narrower tolerances. Any assessment of estimation 
quality must, therefore, take into account the point in time at 
which the estimate was produced . 

First Rule: Estimate quality increases monotonically with 
accuracy (how closely the estimate predicts the actual) and 
with earliness (how soon in the project the estimate is pro­
duced) . 

The first, and in many ways most crucial, estimates are 
commissioned at the very beginning of a project. There are so 
many unknowns at this point that the tolerance of estimates is 
unacceptably high. Most projects are begun with estimates 
that (time will prove) have a tolerance of -20%, +300%. 
Because tolerances are often not expressly stated, managers 
assume an expected deviation of -0%, +0%. They deal with 
the problem of unacceptably wide tolerances by ignoring it. A 
manager who takes explicit account of the wide tolerances of 
early estimates, however, is obliged to narrow the risk as the 
project goes on. This means that he/she must begin to con­
sider estimating as a continuing process. A project may begin 
with the understanding that cost may exceed benefit by a 
factor of 300%, but it cannot be continued on that basis. 
Subsequent estimates will have to narrow the unknown so that 
go/no-go decisions can be made intelligently. 

Second Rule: Estimate quality must be assessed not on the 
initial estimate alone but on the dynamic characteristic of 
successive estimates and their convergence to actual results. 

This means that key project parameters will have to be esti­
mated and re-estimated throughout the project and a formal 
history maintained. The history might take this form: 
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ABX Project: Estimated Debugging Effort (Man-Hours) 

Date of Estimate 
1115/80 
3/15/80 
6/15/80 
8115/80 
9/15/80 

Estimated Value 
2,000 hrs 
3,500 hrs 
5,500 hrs 
5,000 hrs 
4,750 hrs (actual) 

ESTIMATING QUALITY DEFINED 

The metric Estimating Quality Factor (EQF) is defined by 
applying the two rules to the estimating history in the follow­
ing fashion: 

EQF = Reciprocal of the average absolute deviation 

where the deviation between estimate and actual is expressed 
as a p~rcentage of the actual. This formulation is more easily 
understood from a graphic representation of the estimating 
history, as shown in Figure 2. EQF is now seen to be the area 
under the actual result (A x T) divided by the shaded area. 
High EQF numbers imply good estimates. The starting point 
for computation of EQF is taken arbitrarily as the point at 
which 10% of elapsed time has been used up. Obviously, EQF 
can be assessed only after the estimated parameter becomes 
known. 

EARLY EXPERIENCE WTIH THE EQF METRIC 

For 17 projects studied in Reference 1, average EQF was 
slightly below 4. The estimating technique used in these 
projects seems to have been the traditional gut-feel approach. 
I concluded that an EQF of 4 or lower characterizes the cur­
rent state of the art of software estimating, and it is a reason­
able standard against which to test new estimating techniques. 
Techniques that raise EQF substantially above 4.0 can be 
considered improvements. 

Experiments in six client companies -involved the establish­
ment of politically separated groups of estimating experts 
according to the method described in Reference 2. These 
estimating teams did all estimates within their organizations. 
Project personnel did no estimating and estimators did no 
development. Estimators were instructed to track EQF for 30 
key project parameters and to endeavor to maximize average 
EQF. They had no incentives beyond this. Explicitly stated, 
they had no incentive to come up with optimistic estimates, 
because such estimates would not reflect on their own devel­
opment skills; no incentives to come up with padded esti­
mates, because estimates that are above the actual reduce 
EQF just as much as those below; and no disincentive to 
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frequent re-estimation. The estimators applied metric tech­
niques taken from References 2,3, and 4 as well as from other 
sources. Average EQF for the experiment improved over the 
18 months during which data were collected, from an initial 
value of 3.8 to 10 or higher. 

CONCLUSION 

Estimating quality can only improve if we adopt some way to 
measure and track it. The measure selected should depend on 
the degree of convergence of estimates to actuals over time. 
The EQF metric is a palatable metric of estimating quality, 
at least for some organizations. * Improvement of average 
EQF in the experiment is the only evidence I know that any­
one has ever made progress in learning to estimate software 
development. 
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ABSTRACT 

Productivity is a crucial concern for most organizations. This is especially true for 
software development organizations. Although the term productivity is widely used, 
the difficulty of defining it leads to serious problems in productivity measurement. 
This paper will attempt to survey some current productivity measures for software 
development organizations and discuss their deficiencies. A theoretical productivity 
model that overcomes these deficiencies will also be presented. A practical produc­
tivity measure that exceeds current measures by including a quality component will 
also be described. Although this measure is only a small improvement over contem­
porary measures, it is a promising step in the direction of better productivity 
measurement. 
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INTRODUCTION 

Productivity has become a major concern for most organiza­
tions attempting to survive in today's competitive market. 
Productivity improvements are being sought to produce a 
higher quality product at a lower cost. To assess the effect of 
steps taken to improve productivity, it is first necessary to 
have an objective measure. This measure normally assumes 
the form of a ratio of acceptable products developed to unit of 
time. rhus, measures such as manufactured components per 
hour are typical. 

Productivity is a major concern for software development 
organizations. As in other organizations, productivity im­
provements are being sought to produce higher quality soft­
ware at reasonable costs. High-level programming languages, 
software engineering techniques and tools, and new project 
management methods are all being proposed as ways to im­
prove productivity. For an organization to assess the effects of 
these new approaches, an objective software development 
productivity measure is needed. With this type of measure a 
software development organization can assess its current 
productivity and determine if and where improvements are 
needed. Appropriate new techniques can then be applied and 
a determination made whether productivity was increased by 
the new techniques. 

Productivity measures can also be used by many organiza­
tions for comparative purposes. Comparisons may be made of 
productivity differences between individuals, projects, or 
competitive organizations. In software development wide 
variations of productivity are common. Observations of large 
productivity differences for individuals performing the same 
task have been cited. When productivity is used to evaluate 
different software organizations, this comparison must be per­
formed carefully. The reason for this is that although all soft­
ware developers are producing programs, their products may 
be no more comparable than transportation manufacturers' 
products, such as bicycles and aircraft. 

Another major use of productivity measures occurs in the 
product development time and cost estimation phase. An or­
ganization must have an estimate of production productivity 
to project development time and expense adequately. Al­
though software development is often regarded more as re­
search and development rather than manufacturing, costs 
must nevertheless be estimated. Although still in their in­
fancy, most software cost estimation models require an esti­
mate of the organization's software development productivity 
as a major input. 

Thus, productivity measures are needed for most organiza­
tions, including software development organizations. The re­
mainder of this paper will focus on productivity measurement 
for software development. 
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STATE-OF-THE-ART PRODUCTIVITY MEASURES 

Several different approaches to software productivity mea­
surement are currently used. Historically, the two major ap­
proaches are lines of code per programmer month, which 
expresses productivity in terms of work units; and cost per line 
of code, which expresses productivity in terms of cost units. 
These productivity measures can be used to assess the pro­
ductivity of the entire software development effort. Other 
productivity measures for specific tasks in the software life 
cycle can also be used, such as pages of documentation per 
programmer month and number of test case runs per pro­
grammer month. 

Another approach to productivity measurement is the soft­
ware science approach.1 In this approach lines of code are 
decomposed into operators and operands in an attempt to 
produce a more invariant measure than lines of code. Based 
upon some ratios and counts of unique operators and oper­
ands and total numbers of operators and operands, some 
interesting work and complexity estimates have been 
formulated. 

A new approach to productivity measurement, which aban­
dons the lines-of-code approach completely, is quantifying the 
functions of programming. 2 This approach concentrates on 
the number of external user inputs, inquiries, outputs, and 
master files to be dealt with by the program and uses a weight­
ing approach to calculate a dimensionless number called a 
function point. A variation of this approach is a cost-per-func­
tion method, in which a function is defined as a program 
segment with a single input and output that performs a single 
transformation or action. 3 

Of the major approaches to productivity measures just dis­
cussed, the measure applied most frequently is lines of code 
per programmer month. This measure as well as the others 
have several severe deficiencies, which will now be discussed. 

DEFICIENCIES OF CURRENT PRODUCTIVITY 
MEASURES 

One of the biggest problems with software productivity is the 
difficulty of measuring the work accomplished. In other indus­
tries, work can easily be measured in terms of products, such 
as radios produced per unit of time. In software the products 
are not as easy to quantify. This fact has left the lines-of-code 
measure as the traditional unit of work. This measure, as well 
as the software science and functionality types of measures, all 
suffer from the same problem of not representing adequate 
work units. Since the difficulty in developing software de­
pends upon the problem being solved, implementation-based 
metrics such as lines of code, software science size or complex­
ity measures, or function counts will vary with the complexity 
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of the task. Thus, all current software productivity measures 
fail to take into account the problem size of the task being 
performed. 

Another major deficiency with contemporary measures is 
the difficulty of extending them into the maintenance phase, 
One measure for estimating maintenance productivity, re­
ported by Boehm,4 consists of the average number of in­
structions that can be modified per man-month of mainte­
nance effort. Modified instructions consist of new instructions 
or changed instructions. This measure suffers from the same 
deficiencies of the lines-of-code measure discussed for soft­
ware development, and it also presents difficulties during 
maintenance. Since modification of a line of code requires 
understanding the program, changing it, and accommodating 
to a possible ripple effect, this measure may be a poor esti­
mate of the amount of work performed.s 

Another severe problem of all current productivity mea­
sures is their failure to incorporate a quality component. The 
quality of a product must be reflected in productivity mea­
surement. For example, if two organizations achieve the same 
lines-of-code measure for identical problems, but one organi­
zation produces a flawless system and the other is plagued 
with errors, the software productivity of the organizations 
should not be regarded as equal. This implies that defect 
removal costs must be factored into the productivity calcu­
lation. In general, other quality factors must also be incorpo­
rated into the productivity calculation, and none of them are 
included in any current measures. 

Current productivity measures thus have several deficien­
cies that have prevented their being reliable or widely used. In 
the next section a proposed theoretical productivity model 
will be discussed that overcomes these deficiencies. 

PROPOSED PRODUCTIVITY MODEL 

For a productivity measure to gain universal acceptance, the 
problems discussed in the previous section must be resolved. 
The magnitude of these problems is so great that many feel 
that the development of such a measure is nearly impossible. 
Despite the difficulty of solving these problems, it is still es­
sential to identify the characteristics of the ideal solution so 
that a direction of research can be planned and progress 
charted toward an eventual solution. It is to attain this objec­
tive that a theoretical productivity model is proposed. 

The proposed productivity model is calculated as a function 
of problem size, resources consumed in production, and qual­
ity of the product produced. This productivity will be denoted 
as: 

P=f(PS, RC, Q) 

where PS is the problem size, RC is the resources consumed, 
and Q is the quality of the product. 

The problem size component of this productivity measure is 
meant to correspond to the magnitude and complexity of the 
task under development. It replaces the lines-of-code and 
functions measures of work in current productivity measures. 
This concept is essential to avoiding the current pitfall of 

productivity measures: rewarding long, inelegant solutions to 
problems. For example, the current lines-of-code productivity 
measure would conclude that a programmer who writes a 
2000-lines-of-code solution to a problem in 1 month is twice as 
productive as a programmer who writes a lOOO-lines-of-code 
equivalent solution to the same problem in 1 month. If, in­
stead of lines of code, the problem size is used as a measure 
of work, the productivity of the two programmers would be 
regarded as equal, assuming the product was of equai quality. 

The problem size for a particular software development 
effort must be calculated at the requirements level. This is 
essential, because problem size is independent of implemen­
tation size. This notion of problem size rewards cost- and 
timesaving measures such as reusing code and identifying sim­
ple and elegant solutions. The problem size notion is also 
consistent with the way productivity is measured in other in­
dustries. For example, in the automotive industry, produc­
tivity is measured by the assembly time of a car; the car 
corresponds to the problem size. It is not normally measured 
by the number of welds per hour, since this is an implemen­
tation metric. The number of welds per hour is, however, 
analogous to the lines-of-code measures; and they both sig­
nificantly affect productivity once a development approach is 
selected. The key here is that productivity measurement must 
focus upon the problem size and not upon implementation 
approaches. The implementation approach is a factor that 
affects productivity but does not serve as a measure of work 
in its calculation. 

The resources-consumed component of this productivity 
measure is equivalent to that used in contemporary measures. 
Thus, this measure may correspond to either a time or a cost 
calculation of the resources consumed to complete the devel­
opment of a particular problem size. The time component 
may be measured in programmer months and the cost com­
ponent in dollars. 

The quality component of this productivity measure recog­
nizes the necessity of evaluating the quality of a product devel­
oped. This concept is essential to avoiding the current pitfall 
of productivity measures: encouraging quantity of code pro­
duced without taking into account the reliability of the re­
sulting sofware product. Unless the assumption is made that 
all software produced is of the same quality, this component 
must be a part of any productivity measure. 

The measurement of software quality is a complex task. In 
fact, it is impossible to establish a single figure for software 
quality, since it has many attributes. Some typical software 
quality attributes are correctness, flexibility, portability, re­
liability, efficiency, integrity, and maintainability. 6 In a given 
software development effort, some of these quality attributes 
may be stressed more than others. Several of the quality attri­
butes, such as efficiency and portability, may also be in con­
flict with each other. The point here is that a single measure 
of software quality is unlikely; instead, software quality must 
be examined in terms of attributes affecting it. 

Ths quality component and the problem size component of 
the proposed productivity measure must be combined to form 
a measure of the work to be performed. Thus, for a given 
problem size, the quality desired will determine the actual 
amount of work to be done. For example, consider a scientific 



program. If this program were placed on a spacecraft, reliabil­
ity requirements would cause a larger amount of work to be 
expended than if the same program did not have these strin­
gent requirements or was used in a different application. 
Thus, quality and problem size must be combined to form a 
measure of work in the productivity model. 

The proposed productivity model combines these com­
ponents to form a relationship between work accomplished 
and resources consumed in the same manner as contemporary 
productivity measures, but without their deficiencies. Quality 
is a definite component of this model; therefore, if a product 
does not meet its quality requirements, the additional rework 
expenses are factored into the model by adding them to the 
resources consumed in order to lower the productivity of the 
developers. Thus, the productivity model does not reward 
hasty work of poor quality. 

It should be noted that this model provides an absolute 
measure of productivity as a function of work accomplished 
and resources consumed. This implies all software develop­
ment organizations can be equally productive, regardless of 
the product under development. This contrasts greatly with 
the lines-of-code productivity measures, which expect wide 
variances of productivity, depending on the application.7 This 
absolute nature of the productivity model stems from the fact 
that work is being measured as a function of problem size and 
quality. There are many factors, however, that may affect this 
absolute productivity, such as development tools and tech­
niques, management approaches, and computer resources. 8 

These are factors that can be manipulated by an organization 
in an effort to improve productivity. They are not, however, 
factors to be included in the productivity calculation. 

The proposed productivity model is, of course, currently at 
a theoretical level. The major difficulty lies in the mea­
surement of problem size and software quality. Once accept­
able measures for these two factors are found or reasonably 
estimated, another problem will be combining these factors 
into an acceptable measure of work. These are formidable 
tasks for researchers, with potential spinoffs to many other 
facets of computer science. The goals of the research, how­
ever, are clear; and progress can be charted against these 
objectives. 

PRAGMATIC FIRST STEP TOWARD THE 
THEORETICAL PRODUCTIVITY MODEL 

The proposed productivity model presented in the last section 
is not usable by current software developers. In this section a 
pragmatic first step toward the theoretical productivity model 
calculable today will be described. This productivity measure 
attempts to go beyond current measures by incorporating a 
quality component, which will be very simple and will concen­
trate on the reliability of the software. Other software quality 
characteristics will be ignored. The productivity measure will 
also not attempt to calculate a problem size, but instead can 
use any contemporary measure of work, such as lines of code. 
Thus, the only significant difference between this productivity 
measure and current measures is the incorporation of the 
reliability component. The reliability component will be cal­
culated as the amount of rework time required to fix devel-
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opment errors. This rework time includes both debugging 
time and the cost of removing the error. Thus, productivity 
will be calculated as follows: 

work accomplished 
Productivity = ------------­

development resources consumed 
+ rework resources consumed 

The work accomplished can be measured in lines of code or 
by some measure of functionality currently in use. The re­
sources consumed can be programmer months or any other 
suitable measure. The rework costs are the resources con­
sumed by correction of errors in the development process. 
This information is available from the error reports filed 
against the development effort. This productivity measure 
penalizes hasty efforts that produce many errors. This produc­
tivity measure also supports current software engineering de­
velopment methodologies that call for extensive reviews 
throughout the life cycle. These reviews take time, and with 
current productivity measures the added time detracts from 
productivity. Under the proposed productivity model, these 
reviews can increase productivity as long as they are cost 
effective. 

Thus, the proposed productivity measure can be used in an 
organization to assess its current productivity and measure the 
effect of development improvement on productivity. This 
measure can be calculated at the end of the coding phase or 
at the end of the testing phase to assess the productivity of 
different life cycle phases. If it is calculated at the end of the 
coding phase, then error rework costs incurred during the 
testing and maintenance phases are factored into the produc­
tivity equation. If it is calculated at the end of the testing 
phase, then some interval may be selected, such as the next 
release, where error rework costs will be calculated. 

This productivity measure may also be used (with caution) 
to compare productivity with that of other organizations. In 
addition to comparing work measures across organizations 
(which presents potential problems), error detection and cor­
rection mechanisms in the organizations must be examined. 
They must be examined because the rework component due 
to errors in the productivity calculation depends on error 
detection and removal costs. Thus, the productivity of two 
development organizations producing identical software with 
identical resources consumed may vary if the error detection 
and correction tools and techniques of the organizations vary. 
This forces meaningful productivity comparisons only among 
organizations with equivalent error detection and correction 
mechanisms. 

Although this proposed productivity measure suffers many 
of the same problems as other contemporary measures and is 
limited in scope, the measure does advance the state of pro­
ductivity measurement to include one facet of software qual­
ity. It is hoped that future research efforts will continue to 
progress toward the development of a complete productivity 
measure similar to the model proposed in this paper. 

FUTURE RESEARCH 

We plan to continue our research efforts on improving our 
pragmatic productivity measure. An attempt is being made to 
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include other quality factors besides reliability in its calcu­
lation. The problem size calculation problem is also being 
addressed. This research has led us into an examination of 
cost estimation models. Finally, the feasibility of productivity 
calculation based upon predictive quality metrics, which 
would enable productivity measurements to take place ear­
lier, is being examined. 
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The laboratory automation system in the electrical 
communication laboratories of NTT 

by NOBUYOSHI TERASHIMA 
Nippon Telegraph & Telephone Public Corporation 
Tokyo,Japan 

ABSTRACT 

Nippon Telegraph & Telephone (NIT) has developed a laboratory automation 
system to improve the efficiency of research activities in the Electrical Commu­
nication Laboratories. NIT has four laboratories at locations distant from each 
other. However, the research activities each laboratory undertakes are related with 
what the others are doing. To improve the interchange of infort:nation among 
laboratories, electronic mail, videoconference, and video lecture services have been 
introduced in the system. It is possible to make inquiries concerning job-processing 
status and reservations for video conference rooms by telephoning the computer 
center directly, without going through a human intermediary. Researchers can 
retrieve information on the newest research results in common with other research­
ers at any other location. Taking into account the increase in large-scale computing 
jobs, such as traffic simulation, structural analysis and circuit analysis, newly devel­
oped DIPS computers and CAD facilities, such as circuit analysis, have been in­
stalled in the system. This paper presents a description of the system's configuration 
and its characteristics as well as a service outline. 
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INTRODUCTION 

To improve the efficiency of research activities in the Elec­
trical Communication Laboratories, NTT has developed a 
la~oratory automation system with the following services: 

1. Computing. Computer facilities are available for con­
versational, remote batch, and local batch processing 
modes. 

2. Office automation 1-5 This service consists of research 
information retrieval, word processing and electronic 
mail. 6-8 

3. Design automation. 9-12 This service provides CAD facil­
ities for LSI logical design, circuit design, and LSI test­
ing for communications equipment. 

4. Speech recognition and synthesis. This service makes it 
possible to automatically reserve a video conference 
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room, as well as get information on the operation sched­
ules of the computer centers and job processing statuses, 
by use of a telephone. 

5. Videoconferencing and video lectures. 13, 14 These ser­
vices make it possible for researchers to communicate 
with each other from laboratories in widely separated 
locations. 

The present paper describes the configuration and charac­
teristics of this system. It also gives an outline of the services 
provided by the laboratory automation system. 

SYSTEM CONFIGURATION 

Figure 1 shows the configuration of the laboratory automation 
system. The system is composed of DIPS centers, the net-

(Network) 

Video Lecture Room l 
~~ og 

G;]@GiJ 

I 
G;;J G;::: G;J 
C;;)G;;]a 

D Cl DO 

"'- ..,..,..., ) .' lboragi Labo~tory 
, /Video Conference Room I 

t:::::J, V:. . 
O 

~J 

5] 
o .)J 

Data Station Telephone Network 
~ 0 A Terminal 

OA Tominal ~ .s 
~ B TSS Terminal DA Terminal 

DA TSS i-rr:z;...""4t!C..-------.--::::::::J-It---i--:z:--t-ti---~ ~ 
Terminal Terminal .:r=» v--v 

i ~ Pb ,,~o~inol/ft __ -_ -~DrIPS;;~C-e~n~ieir~~Video Conference ROO,:" Vide~~ure R~om J 
L-_ --~( ~DA··;·· -. DDDCJ ''1~--' Qc:JO ~~~ 

~ ~ ~ Irl + Video Switching 
I Terminal " ...;v> ~ ~ ~ I Equipment 

~~uu~v I L____ OQ~~ ~ 
Yokosuka Labomtory 

Figure l-Configuration of the laboratory automation system 



766 National Computer Conference, 1983 

work, and various terminals. In addition, a data station is 
installed at the Atsugi Laboratory. 

1. DIPS centers. The DIPS centers, where very-large-scale 
computer systems for DIPS (or Den Den Kosha [Japa­
nese for NTT] Information Processing System) are in­
stalled, are located in the Musashino and Yokosuka 
Laboratories. The DIPS systems are interconnected 
through a 48 kb/s dedicated network. 

2. The network. The network is composed of a telephone 
network, a 48 kb/s dedicated network, and a video net­
work. 15

-
17 

a. Data terminals for time sharing, office automation, 
and design automation, as well as minicomputers 
and personal computers, are linked through the 
telephone network. 

b. The 48kb/s dedicated network is used for inter­
connecting DIPS systems, and for interconnecting 
the data station in the Atsugi Laboratory with the 
DIPS system in the Musashino Laboratory. 

c. Videoconferencing terminals are interconnected 
through the video network, as are video lecture 
terminals. 

3. Terminals. Terminal rooms are located in each labora­
tory for the use of researchers. In the terminal rooms are 
data terminals, XY plotters, card readers, line printers, 
and a cassette MT unit. Data terminals and minicom­
puters are distributed to each research section. They are 
interconnected to the DIPS centers through the tele­
phone network. 

4. The data station. The data station is located at the Atsugi 
Laboratory and is used for transporting design auto­
mation programs to the Musashino Laboratory com­
puter center through the 48 kb/s dedicated network. 

SYSTEM CHARACTERISTICS 

The computer network enables each laboratory to make the 
best use of computers, programs, and services and to circulate 
research information efficiently. 

To increase computing efficiency, high-speed vector in­
structions have been implemented in the DIPS systems to 
speed up the vector operations, which appear quite often in 
scientific calculations in the laboratories. IS These instructions 
are about two times faster than the usual operations. Specifi­
cations for the vector instructions are shown in Table 1. 

To increase office automation and efficiency, basic soft­
ware and application packages that facilitate Japanese lan­
guage processing have been developed. Kanji terminals such 
as the DT-308 and DT-9658 are installed, and high-speed 
kanji printers, which print documents with Japanese charac­
ters at 15 kilo lines/sec, are also implemented at the computer 
centers. 

Additionally, so as to realize the speech recognition and 
synthesis services, we have developed speech recognition and 
synthesis techniques we respectively call SPLIT19 and LSP. 20 

The SPLIT method, a speaker-independent speech recog­
nition method, recognizes up to 1000 words of the speech fed 
directly from the telephone network in real time. 

TABLE I-Specifications for vector instructions 

I I Vector Instruction 
No ~io1ed I NCITle 

I V I 

I VWf Vector Move (VMDl 

2 
VECE Vector Elementwise 
(VECD) Complement 

3 VEAf. Vector Elementwise 
(VEAD) Add 

4 VESE ~or Elementwise 
(VESD) Subtract 

5 
VEME Vector Elementwise 
(VEMD) Multiply 

6 
VEDE Vector Elementwise 

(VEa) Divide 

7 VIPE Vector Inner Product (VI PO) 

8 VIPCE Vector !mer Product with 
(VIPCD) Complement 

9 VCDS Coovert ()oJ)Ie to Single 

10 VCSD Convert Single to Double 

I. Parentheses show double precision operations 
2. Xi 1 Vi ,Zi show vector elements 
3. S' shows a scolar element 

I Operation 

Zi-Xi 

Zi--Xi 

Zi-Xi +Yi 

Zi-Xi- Yi 

Zi - Xi )( Yi 

Zi- Xi+ Yi 

S'-S'+1: Xi x Yi 
i 

s'-S'-~ Xi x Yi 
I 

Zi (SJ - Xi (0) 

Zi 1»-Xi (S) 

In this method the average speech spectrum is divided into 
256 regions. Telephone speech is divided into speech ele­
ments of 16 milliseconds each. Then each element is investi­
gated to see which regions are involved. Then the speech is 
pattern-matched with the patterns of the predefined words. 
This LSP method is 40% more economical than the PAR­
COR method. 

Figure 2 shows the configuration of the system. In this 
system, processing is performed as follows. 

1. Speech input through the telephone is fed through the 
circuit control unit and the exchange, where it is recog-

Dial Signal 

DIPS 

Center 

Figure 2-Configuration of speech recogniiion and synthesis system 



nized by the speech recognition equipment. Then the 
recognized request is stored in the information pro­
cessing equipment. 

2. Information concerning operation schedules and job­
processing statuses is sent from the DIPS center to the 
information processing equipment. Information involv­
ing conference room reservations is also stored in the 
equipment. 

3. The recognized request is compared with the informa­
tion on the operation schedules, job processing statuses, 
and conference room reservations. Then the answer to 
the request is generated. 

4. The answer is synthesized by speech synthesis equip­
ment and is then sent back to the telephone through the 
circuit control unit and exchange. 

Tables II and III show the specifications for the speech 
recognition and speech synthesis equipment, respectively. 

SERVICE OUTLINE 

The services that have been referred to are outlined below in 
a little more detail. 

TABLE II-Specifications for speech recognition equipment 

Item Content 

Recognition Object Isolated word spoken through telephone netv.ork 

Recognition Method Speaker independent speech recognition: SPUT Method 

Nuniler of Recognizable 
1000 words (templates) Words 

Word Length 3.2 seconds 

Input Channel 1 channel 

Response Time less than 0.1 seconds 

110 Interface GPIB (IEEE 488) 

TABLE III-Specifications for speech synthesis equipment 

Item Content 

Synthesis Method 
LSPmethod: a more efficient method than the 

widely used PARCOR method 

Frome Synchronous Period 10 ms 

4.8 Kbitls : information necessary for 
Information synthesis of 1 second speech 

Buffer Memory 32 Kbytes 

Channel 1 channel for input, 1 channel for output 

I/O Interface RS232C (9.6Kbit/s) 
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1. Computing. Computer power is provided for conversa­
tional, remote batch and local batch processing modes. 

2. Office automation. Office automation involves research 
information retrieval, word processing, electronic mail, 
and a library service. The information retrieval service 
allows access to state-of-the-art technical data, inter­
national conference schedules, newly developed prod­
ucts, and so on. The general-purpose word processing 
service provides facilities for putting together research 
papers and documents with figures and tables. In the 
standard-form word processing service, documents used 
frequently in a fixed form are prepared in the center file. 
Therefore, these standard-form documents can easily be 
generated by inputting only a few variable words. 
The electronic mail service allows the sending and re­
ceiving of documents through the telephone network. 
By combining this service and word processing it is pos­
sible to create a conference notification document and 
then deliver it to remote terminals. Specifications for 
office automation services are shown in Table IV. 

3. Design automation. LSI design of communications 
equipment or devices is performed hierarchically in the 
following manner: 
a. Logical verifications are made at the resistor or gate 

level. 
b. Circuit analysis is performed at the transistor level. 
Table V shows examples of design automation pro­
grams. The LSI design flow is shown in Figure 3. 

4. Speech recognition and synthesis. The reservation and 
inquiry system that uses speech recognition and syn­
thesis techniques has been developed to provide the fol­
lowing services: 
a. Videoconference room reservation service. 
b. Inquiry service concerning job-processing status. 
c. Inquiry service regarding the operation schedules for 

computer centers. 
5. Videoconference and video lecture services. 

a. Videoconference rooms with video cameras, large­
scale video receivers, speakers, and microphones are 
located in each laboratory. With the use of these 
rooms, a conference can take place simultaneously at 
different laboratories. 

b. Video lecture rooms with video cameras, video re­
ceivers, microphones, and speakers are presently lo­
cated at the Musashino and Yokosuka Laboratories. 
By using these facilities a lecture can be transferred to 
the video lecture room in the other laboratory, and 
students in the other laboratory can ask questions and 
receive answers through the video network. 

Specifications for the videoconference and lecture services 
are shown in Table VI. 

CONCLUSION 

This paper discusses the basic concept underlying an inte­
grated laboratory automation system that has already been 
put into practical use at the Electrical Communication Labo­
ratories. 
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TABLE IV-Specifications of office automation service 

No. Item Content 

State-of-the- New data with respect to computers, 

I Art Technical electronic exchanges, transmission systems, 

Data. lSI, etc. 
-

Conference Information necessory for attending on 
2 Schedules international conference, such as period, 

place, deadline for papers, etc. 
'----

3 Newl y Developed Information on newly developed products such 

Products as features and prices. 

- "0 
> 
Q) 

Schedule Registrations and cancellations of appointments . 4 
. ;: 

~ Management 

- e 
.2 Information Names, itineraries and t he purposes of ..... 

5 0 Relating to people goi ng on overseas business trips E 
.£ Overseas 

oS Business Trips 
-.,.. --

6 
A Log of Visitors Information relating to people who have 

to ECl visited the Electrical Coml1Ulication lclJorolories 

General (I) Joponesem processing is performed on a 
Ihbrd non-programmable portable Kanji terrrinol,the 

7 
Processing DT - 308, using a word processing program 

called the K(Jl(] to Chinese Character 
C7I 

Transformation Package. e 
.~ 

Q) (2) Documents ore created by selecting and touching .., 
the desired Kana and Chinese characters on 0 

d: 
the panel of the DT -9658 progrommoble Kanji 

"E 
~ terminal. Documents that hove been stored in the 

flqlpy disk this way con be sent 10 the CPU ~ 
demond. 

8 Standard Documents used frequently in a fixed form 
C7I 

are prepared in the center fi Ie. e Form Ihbrd .~ 

~~ 
''processing Thus I standard form documents can eosi Iy be generated 

:;; by inputting a few variable words. 

9 .~ Electronic Documents con be transferred from one ..... "6 

~ .~ Mail termina I to t he other through the network. 
g § 
au 

Library Service Services include management of books, retrieval 
10 of papers, etc. The OCR hondsconners are 

used to i~ut the information with ease. 

NIT is now planning to develop the laboratory automation 
system into a prototype system for the Information Network 
System (INS). The INS is the advanced public digital network 
that NIT is now planning to build nationwide. 
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TABLE V-Specifications of the design automation programs 

Design Stage Program Function 
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FDLSIM a FUiictioiial simulation 

Design 

HIDEMAP • HSl translation, macro expansion 

• Data bose ! nterface 

TEGAS • 3 value / 6 value gate level 

sirrulation 

Logical • 6 value gate level simulation 

Design 
LAP- I 
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ADGRAM • Visible circuit chart generation 

PlACAD • PlA programming 
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• Circuit analysis of DC and 
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TABLE VI-Specifications of videoconference and video lecture 
systems 

Item Scale 

Seating 
Accommodat i on 6 
Possible ~~llI.,It;r 

up to 3 of Hookups 
0 
Q) Receivers 2 :2 
> 
Q) 

E 
Cameras 6 

0 
"- Monitors 2 J::. 
0 

2 Microphones and 0 5 :E Speakers 
Q) 
0 Seating 10 c: 
Q) Accommodation "-
Q) 

Possi ble Number ...... 
c: I 0 0 of Hookups u Q) 

~ 

0 > Receivers I 
Q) 

:Q 
Cameras I > ~ 

0 
0 

I u Monitors 

Seating lecture room: 12 
Accommodation auditor room: 24 
Possible Number I of Hookups 

Q) 

Receivers 4 "-
::J -0 
Q) 

Cameras 4 .-I 

0 Microphones and Q) I ~ Speakers 
> 

Monitors 24 
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Applications of digital optical disks in library preservation 
and reference 

by WILLIAM R. NUGENT 
Library of Congress 
Washington, D.C. 

ABSTRACT 

A Library of Congress pilot project is described in which digital optical disks will 
be used to provide high-density storage of textual page images. The configuration 
of the system is shown and the advantages of optical storage for preservation of 
library materials is explained. It is further shown that while library preservation is 
the primary objective of the project, the characteristics of digital optical disk pro­
vide simultaneous advantages in online reference retrieval. The project plan is 
described; it calls for scanning and storing one million pages of text over a two-year 
period. The new system is compared to the library's existing digital optical disk 
system for demand printing of catalog cards. The future of digital optical disks in 
libraries is then discussed. 
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INTRODUCTION 

The deterioration of library materials has by now brought 
about a crisis in all large research libraries. A significant frac­
tion of such libraries' collections of print on paper, over 25 
percent by some estimates, are exhibiting the symptoms of 
terminal acidic decay: turning brown, becoming brittle, and 
ultimately crumbling into flakes and dust. The cause is well 
known: the increase in demand for printed matter in the last 
half of the nineteenth century caused paper manufacturers to 
make paper from wood pulp and sizing materials that to­
gether, by acidic hydrolysis, ultimately form sulfuric acid, 
which in turn breaks up the normally long and flexible cellu­
lose polymers of the paper. To combat this problem, the Li­
brary of Congress has initiated two programs. 

The first program, which is proving very successful, is that 
of gaseous deacidification of large groups of books placed in 
large vacuum chambers. By this means, books that are in good 
condition can have their life expectancies extended another 
400 to 600 years. A cooperative program with NASA is cur­
rently showing the way to achieve deacidification in 
5,OOO-book lots. The second program, the one we address 
here, will use the high-density digital optical storage of page 
images as an alternative means of library preservation. A 
development contract has been awarded to Teknekron Con­
trols Incorporated of Berkeley, California, for'a system that 
will scan and digitize text pages, store them on digital optical 
disks, and under access control of the library'S central com­
puter system will retrieve desired page images for bigh­
resolution display and printout. The digital disk medium itself 
has a life expectancy of only 10 to 20 years, which is a mere 
instant in preservationists' thinking; but by the well-estab­
lished techniques of error detection and correction, early signs 
of increased soft errors can be detected in time to make a 
perfect copy on a fresh disk of the same technology or on a 
future digital medium of a newer technology. By this process, 
the page images may thus be preserved indefinitely, or for as 
long as they are believed to be useful. 

A second problem of large libraries, of somewhat lesser 
severity, is that of document delivery to the library patron. 
With contemporary online computer retrieval systems, such 
as the Library of Congress' LOCIS system, patrons can find 
citations of desired items and their call numbers almost in­
stantly. But the time from a patron's request for a work until 
it is manually searched for in the stacks and delivered can too 
often exceed an hour. The online accessibility of page-image 
material on digital optical disks can reduce this document­
delivery time to seconds for materials available on optical 
disks. Greater integrity of the collection is also achieved, 
avoiding the too common "not-on-shelf' problem. 
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In the classical library environment, the dual objectives of 
preservation of materials and providing of frequent public 
access to them are opposed to each other. Preservation gener­
ally means a strictly controlled physical environment, watch­
ful custodial care, and limited public usage. High public usage 
generally means accelerated wear and deterioration. But page 
images preserved on digital optical disk can now meet both 
objectives without conflict, since no wear results from the 
low-power laser beam reflecting data from the disks. 

DENSITY CHARACTERISTICS OF DITIGAL 
OPTICAL DISK AND PAGE-STORAGE CAPACITY 

The primary attribute of digital optical disks is extremely high 
recording density: Bit areas are generally of the same order of 
magnitude as the wavelength of the laser light used to record 
them; that is, in the order of 1 micron or less. Typical numbers 
for a single-sided 12-inch disk and single-sided 14-inch disk 
are 1010 bits and 5 x 1010 bits, respectively. The general range 
is within a factor of two of these numbers. The 12-inch 
ThomsonlCSF disk that will be used in the library's applica­
tion 'W'ill initially have 0.5 x 1010 user bits, and will later be 
raised to 1010 user bits. We will use the latter number in our 
library storage examples. On a per-surface basis, the capacity 
of an optical disk is thus about 150 times that of a magnetic 
disk. 

Although this results in many obvious applications of digital 
optical disk as a computer-room peripheral for mass storage 
of conventional character-encoded data, it is this observer's 
view that the highest potential applications are those involving 
digitized image storage. For the first time, a practical non­
contact medium of extremely high density exists to make such 
image applications cost-feasible. 

THE LIBRARY OF CONGRESS PILOT PROJECT 

In order to establish a firm and cost-justified basis for the 
digital-storage approach to library preservation, the Library 
of Congress has established a pilot project using digital optical 
storage technology. 

The object of the pilot project is to establish a production 
environment in which both capital costs and operating costs 
can be determined, so that decisions on expansion can be 
made. It was determined that scanning and storing 500,000 
pages per year would constitute a project of sufficient size. 
Other questions to be resolved include the depth of indexing 
and abstracting required when full text rather than citations 
only are available. Of high importance as well will be life 
testing, both in real time and in accelerated time, of the digital 
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optical media and the establishment of test criteria for deter­
mining when a disk is beginning to degrade so that replication 
can be effected before correctable errors become noncorrect­
able ones. Since library preservation is the primary objective 
of this program, determining the best procedures to achieve 
this aim will be a major contribution of this pilot project. 

SYSTEM CONFIGURATION 

The specified configuration of the Library of Congress digital 
optical disk system is shown in Figure 1. The core of the 
system is a Video System Controller that directs all systems 
input/output activities and provides the functions of video­
crosspoint switch and compressor/expander for the digitized 
images. Two optical disk units are shown, one of which will 
incorporate a 100-disk jukebox. Two magnetic disks serve as 
image buffers for materials being accessed by the display clus­
ters and for materials being scanned by either the document­
page scanner or the microfiche scanner. The Video Image 
Controller, a high-speed laser printer (a Xerox 5700), the 
scanners and a two-terminal cluster will be housed in a com­
puter room in the library's James Madison building and will 
service two-terminal clusters in three library reading rooms, 
one in each ofthe library's three buildings. The initial reading­
room configuration will have two user retrieval stations, each 
consisting of a high-resolution CRT terminal for query entry 
and for display of full pages of text and an associated medium­
speed printer for page-image printout. The Video System 
Controller is also interfaced to the library'S Computer Service 
Center and uses the library's LOCIS online information-
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Figure I-The configuration of the digital optical disk system 

retrieval system for locating citations to page-image material 
available on digital optical disk. 

RELATION TO THE LIBRARY OF CONGRESS'S 
EXISTING OPTICAL DISK SYSTEM 

The library's Cataloging Distribution Service is now using 
digital optical disk for storage of images of 3" x 5" catalog 
cards in its DEMAND system for high-speed demand printing 
of catalog cards. This system was developed for the library by 
Xerox Electro-Optical Systems and was placed in production 
in August 1982. An exceptionally high resolution system, it 
laser-scans and laser-reproduces cards at 480 lines per inch. 
Output is by a specially adapted Xerox 9700 laser printer that 
produces 12 cards per second. More than 200,000 images of 
master catalog cards can be stored on one side of the Xerox 
14-inch digital optical disk. This is the equivalent of 140 card 
catalog drawers. The cards output from this system are used 
to fulfill orders from libraries all over the world, and the 
DEMAND system has made this operation faster and more 
cost effective. The success of this first-in-production digital 
optical disk system has given us confidence that digital optical 
disk is eminently practical for the storage and retrieval of 
textual page-images as well as for catalog cards. 

THE FUTURE OF DIGITAL OPTICAL DISKS IN 
LIBRARIES 

We expect many future applications in libraries as digital op­
tical disk technology is further refined and lowered in cost. In 
addition to benefits in preservation and reference retrieval, 
there are significant benefits in storage space and space is an 
increasing problem in all major research libraries. Today's 
optical disks offer a shelf-space advantage of about 200X, and 
we expect a lOOOX advantage in a few years. As a second 
future development, we expect a rapid decrease in the cost of 
disk players that, in turn, will lead to decentralized use of 
these devices on a stand-alone basis for special collections, 
individual reading rooms, and in smaller libraries. The next 
improvements in greater densities will, in addition, permit the 
cost-effective storage and retrieval of halftone images and 
color plates. A particular challenge to be met in the future is 
that of effectively scanning and encoding pages of mixed ma­
terial, such as art books that may mix black and white text, 
halftone graphics and color plates on one page. When this 
problem is solved, we will have achieved true electronic fac­
similes of the printed book. 
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PERSONAL COMPUTERS 

Since their invention over 49 years ago, electronic computing machines have 
touched the lives of nearly every person on the face of the earth. This has 
never been more true than now, as we enter the age of personal computers. 
A personal computer is a dedicated resource, relating one-to-one with its user/ 
master. Whether a production-enhancing tool at one's work, a mind-expand­
ing diversion in the home, or a companion on the road between, a personal 
computer enriches the lives of those who use them. 

For this year's NCC, 24 industry observers and leaders combine in eight 
sessions to present the 1983 picture of pertinent issues in the personal com­
puter marketplace. Topics range from crucial industry concerns such as soft­
ware transportability between processors to new-technology methods of pro­
tection against program pirates. Included also are practical how-to seminars 
on business planning with microcomputers and applications for the new gener­
ation of mobile carry-along processors. One of the sessions is dedicated to the 
computer designer's view of the microprocessor that has all but dominated 
new product introductions since last year's NCC-the 16/32-bit 68000 dual­
processor chip. 

The most quickly evolving of all computer types deserves special attention 
to the future, and several of this year's sessions concentrate on the personal 
computers of tomorrow and their continuing impact on our society. Portia 
Isaacson has again assembled a panel of experts to look into the future of 
microcomputing. Industry maker Adam Osborne and seer Jerry Pournelle will 
project the ways in which personal computers will continue to alter our lives 
during the rest of this decade. 
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Software maintenance objectives* 

by NED CHAPIN 
InfaSci, Inc. 
Menlo Park, California 

ABSTRACT 

Recent survey work indicates that the objectives held by managers of maintenance 
for application software are partially out of step with the managers' own perceptions 
of the demands on them. This is a possible cause of maintenance difficulties, to the 
extent that maintenance managers do guide their behavior by their professed objec­
tives. It is a likely cause of maintenance difficulties if software maintenance is 
regarded as a service function in an organization, which the survey indicates is the 
case. 

*This paper was presented at the 1982 National Computer Conference, but it was mistakenly omitted from the 1982 
Proceedings and thus appears in this year's Proceedings. It was not presented as part of a 1983 NCC session. AFIPS 
appreciates Dr. Chapin's contribution to NCC 1982 and regrets the omission of the paper from last year's publication. 
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INTRODUCTION 

The management of software maintenance for application 
software affects what maintenance is done, when it is done, 
and how it is done. Software maintenance is managed by 
supervisors, team leaders, project leaders, programming 
managers, maintenance managers, and sometimes even by 
programmers.4 For convenience and briefness in wording, the 
term maintenance manager is used here for any person, what­
ever his or her job title, who manages software maintenance. 

By software maintenance is meant work performed on exist­
ing computer programs and systems to correct their perfor­
mance (for example, to restore to operation after an abort), 
to adapt them to changed operating environments (for exam­
ple, to fit with a change in the operating system), to enhance 
or perfect their performance, to include new or different func­
tions, or to delete functions (for example, to add a new output 
report).3 The most important influence on this definition of 
maintenance is the administrative judgment of how large an 
enhancement must be to be classified as new development 
instead of maintenance. 2 

As the total amount of maintenance to be done gradually 
grows, so also grows the effect of the way that the mainte­
nance work is managed. The swelling backlog of work waiting 
to be done, the reiativeiy high cost of maintenance, and the 
lag from request to completion, have all been pointed to as 
evidence of increasing problems in managing maintenance.2

-
5 

As part of a study of the causes of maintenance problems, 
15 managers from 12 organizations were surveyed about the 
demands on them and their objectives in managing mainte­
nance work. The report that follows describes the character of 
the response, and discusses its implications. This study is a 
companion to one reported previously at the 1981 National 
Computer Conference. 1 

RESPONSES 

The respondents (maintenance managers) were asked two 
questions. The first question was what their objectives were in 
managing maintenance work. Later on the same day, a second 
question was put: What were the demands made on them in 
managing maintenance work? Both questions sought open­
ended responses and gave the respondents freedom to frame, 
organize, and order their responses as they saw fit. Essays 
were not expected but were acceptable, and multiple-choice 
and true/false responses were neither asked nor encouraged. 

In making their responses, the managers had the oppor­
tunity to discuss their possible responses with one or two other 
maintenance managers, and they were encouraged to do so. 
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The responses were also sometimes orally commented on by 
still other maintenance managers; the respondent was allowed 
to reply orally but not to change the response. In general, 
nearly all maintenance managers spoke of their jobs just as 
they saw them, and were respected for that by the other 
maintenance managers. 

The responses fell predominantly into five categories, but 
with some notable exceptions as described later. Which cate­
gory a response fell into depended partly on how the response 
was expressed, partly on its implications. Some responses fell 
into more than one category. 

The first category focused on the managers' supervisors. 
The objectives here were to secure recognition of accomplish­
ment. The demands seen from this source were to use re­
sources well and make do with existing conditions. 

A second category focused on the organization. The objec­
tives of maintenance managers here were to exercise control 
to keep systems running. The demands seen from this source 
involved schedules and budgets, and keeping up communica­
tions. 

A third category of response focused on the user commu­
nity. The objectives here were aimed at keeping the user 
satisfied or even happy. The demands seen from this source 
mostly concerned how maintenance service was provided. 

A fourth category focused on the managers' subordinates. 
The objectives here dealt with providing acceptable work con­
ditions. The demands involved morale. 

A fifth category focused on closely related organizational 
units, such as computer operations, systems, and procedures, 
EDP auditing, and data entry. The objectives here dealt with 
avoiding difficulties. The demands seen involved performance 
aspects of the software. 

Table I lists some representative objectives, and Table II 
lists some representative demands. For convenience in read­
ing, the table entries shown have been classified by category. 
Note that the numbering assigned to the categories is arbi­
trary, though reflective of general management thinking. The 
ordering of the items within each category, however, is totally 
without significance and entirely arbitrary. 

FINDINGS 

The findings here, as in many other studies, depend in part on 
the manner of collecting the responses. The objectives and 
demands were separately solicited without first pointing out to 
the respondents any connection or relationship between 
them. Both sets of responses were solicited from the same 
respondents in the context of examining management prac­
tices affecting maintenance. 
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TABLE I-Representative held objectives identified by 
maintenance managers 

Category 1. Toward supervisors 
Do maintenance effectively 
Reduce costs for work accomplished 
Get recognition for job done 
Use resources effectively 
Keep within estimates 

Category 2. Toward the organization 
Keep systems running 
Act to fit plan, do not react 
Keep control over maintenance 

Category 3. Toward the user community 
Improve communication with users 
Keep users happy 
Provide good estimates promptly 
Satisfy users' requests 
Provide a smooth transition from development 
Get recognition for a good job done 
Increase users' involvement 
Reduce problem areas 
Make changes in a timely fashion 
Prevent users from moving the target 

Category 4. Toward subordinates 
Improve morale 
Keep people motivated 
Provide growth potential 
Make maintenance work desirable 
Keep subordinates happy 
Provide training 

Category 5. Toward related organizational units 
Use less computer time 
Do less testing 
Satisfy EDP audit requirements 
Analyze production problems 

Unclassified 

Before being asked for held objectives and seen demands, 
the respondents were each asked to what extent they believed 
that in their organizations the unit charged with doing mainte­
nance work on application software was a "service unit." All 
of the respondents indicated that they regarded themselves as 
working in service units. By a "service unit" was meant a unit 
whose mission, function, and task is to support the func­
tioning of other organizational units of the same parent 
organization-not, for example, to operate as a profit center 
selling software maintenance in the open market to any cus­
tomer. Most maintenance units (but not all) also had software 
development responsibilities. 

The findings from the survey showed much variation in the 
degree of correspondence between managers' held objectives 
and seen demands. Some managers displayed a close match. 
Others displayed large discrepancies. The results reported 
here are for the aggregate; hence they are not necessarily fully 
applicable as a picture of the way anyone particular mainte­
nance manager sees himself or herself. 

An interesting aspect of the findings was the scant attention 
most maintenance managers gave to ordering either their held 
objectives or seen demands. Apparently, they do not usually 
think of them in terms of a hierarchy of priorities. Rather, 

TABLE II-Representative seen demands identified by 
maintenance managers 

Category 1. From supervisors 
Resolve conflicting demands 
Use available resources effectively 
Build motivation for staff 
Reallocate resources to fit changed workload 
Put up with vague directions 

Category 2. From the organization 
Meet deadlines 
Respect budgets 
Fill out reports 
Participate in meetings 
Adhere to organization's standards 
Take prompt action on abnormal terminations 

Category 3. From user community 
Provide immediate response 
Provide unreasonable amount of testing 
Reduce maintenance backlog 
Give quick and accurate estimates 
Provide assurance that software works 
Reduce time on unproductive work 
Accept changes in priorities 
Justify estimates 
Provide what is asked 
Perform within estimates 

Category 4. From subordinates 
Improve morale 

Category 5. From related organizational units 
Make the work fit expectations 

Unclassified 

maintenance managers think of them as associated, some­
times causally; hence the managers take a linear or sequential 
view of them. Thinking of one objective or demand reminds 
them of another, which in turn calls to mind still another, and 
so on, with scant attention to their relative importance. 

The most significant finding from the survey was of a mis­
match between the managers' objectives, and the demands 
they saw placed on them. Although partial overlap was 
present, both the set of held objectives and the set of seen 
demands covered areas and specific items not covered by the 
other. While a perfect match was not expected, the overall 
magnitude and character of the mismatch was unexpected. 

This mismatch showed the maintenance manager as having 
many objectives and no demands in the category of con­
venience. In fact, this was the largest category of objectives. 
A mismatch was expected here, but not to the major extent 
observed. Examples of some of the convenience objectives 
cited were not to get home late, to have a better qualified staff 
of subordinates, to consolidate related requests, to have time 

I to test completely, to make maintenance work easier to man­
age, and to work on a planned rather than a reactive basis. 
The picture is one of putting self, not the user and not the 
organization, first. 

The user category had the largest number of seen demands, 
and the second largest number of held objectives expressed. 
The tenor of the demands was that the users seemed to be 
acting as though they were buyers of services. Yet the objec-



tives the maintenance managers held were only in part those 
of vendors of services. Rather than being a crisp "provide 
what he wants, when he wants it, and at an agreed price," the 
objectives were diffuse and means oriented, including such 
items as increasing user involvement, providing a smooth 
transition, reducing problem areas, keeping users happy, and 
getting recognition. When such patterns occur in lines of work 
other than computer software, the usual interpretation is that 
the manager is experiencing difficulty in providing per­
formance, either from management incompetence, inappro­
priate resources, or inadequate work methods used by subor­
dinates, or from some combination of them. Whether this 
interpretation also applies to software maintenance, or not, is 
unknown. 

The supervisor category suggests that the maintenance 
managers picture their supervisors as wanting them to make 
do with what they have, yet to adjust to changing require­
ments as well. The managers' held objectives focus on keeping 
within estimates, reducing costs, and getting recognition. The 
match for this category is the closest of all the categories, yet 
it still shows some divergence. 

In contrast, the subordinates category is very divergent. 
The only common seen demand is ill-defined: improve mo­
rale. The held objectives were generally vague, such as to 
keep subordinates happy, to keep them motivated, and to 
make maintenance desirable. The maintenance manager ap­
pears to be out of touch with his or her subordinates. Yet 
subordinates are the means by which the maintenance service 
is accomplished. 

The organization was seen as above average in the number 
of seen demands but low in the number of held objectives. 
The demands were specific and involved administrative pro­
cedures or practices, such as filling out reports or meeting 
deadlines. In contrast, the held objectives were very general, 
such as keeping the systems running and providing control. 
Apparently there are feelings of psychological distance, and 
the maintenance managers do not feel themselves to be part 
of the organizational team. 

Finally, the managers had very few held objectives in the 
related organizational-units category, yet demands were seen 
as present. No convincing interpretation has been found yet 
for this mismatch, other than a reinforcement of the psycho­
logical-distance interpretation noted above. 

In summary, the message that emerges is that the objectives 
held by the maintenance managers do not focus closely on the 
demands that they perceive. Apparently the managers see 
themselves, except as regards their relations with superiors, as 
concerned with trying to keep afloat and with side issues 
rather than directly with providing service to the user commu­
nity. This is consistent with the findings of another survey. 2 

A hint of confirmation is available from informal con­
versations with user representatives. About a third of the user 
organizations contacted complained that they were not being 
adequately serviced. Their maintenance needs were not being 
attended to at a level commensurate, they believed, with their 
financial contribution (implicit or explicit) to paying for the 
maintenance effort. They believed that they were paying for 
more service than they were getting; the most frequent culprit 
they saw was the maintenance managers' "misdirected ef-
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forts." It would be interesting to compare the maintenance 
managers' held objectives with what the users and others in 
their organizations regard as their claims upon the mainte­
nance managers. 

DISCUSSION 

The most probable causes of a self-view of the sort just noted 
are the maintenance managers' choices of objectives, the em­
phasis they give to achieving them, and the constraints that are 
beyond their abilities to affect. Let us look at each cause. 

The constraints on the managers in the very near term (such 
as this week) are real and intractable. The code is what it 
is, the subordinates' skills are what they are, and the com­
puter programs to be run are mostly set. In the face of this 
fixity, bugs appear unpredictably, changes requiring unpre­
dictable amounts of effort are to be made in the software, and 
other work may take away from the available staff and com­
puter time, according to the maintenance managers. Many 
maintenance managers appear to set as their objectives what 
will let them live with these constraints from day to day, 
indefinitely.l,5 

Many of the constraints on the managers in the longer term, 
say a year from now, are tractable. For example, in a year's 
time subordinates' skills and work practices can be drastically 
changed, code can be made more maintainable, and user 
needs can be in part anticipated and deliberately scheduled 
for satisfaction-if the maintenance managers so choose. 
However, informal conversation indicates that many mainte­
nance managers believe themselves to be powerless or their 
hands to be tied-"Who's going to pay for it?" and "They 
won't let me do it," they say. In other lines of management 
work, such views are often regarded as focusing on the prob­
lem rather than on the opportunity, a sign of weakness in 
management. Whether or not this is also true in software 
maintenance has not been established. 

Managers always give more emphasis or attention in their 
performance to meeting some objectives than to others. The 
choices managers make reflect personal preferences, person­
ality, and the mix of skills, as well as a conflict between lip­
service and performance. It is just human nature for managers 
to emphasize what they are comfortable with and what they 
like to do. The element of job security also affects the empha­
sis too. The old saw about programmers creating job security 
by documenting nothing and writing opaque code seems also 
to apply to some maintenance managers. Keeping a big back­
log of unsatisfied user demands is apparently seen by a few 
maintenance managers as not only ensuring job security but 
also strengthening requests for increases in the manager's pay 
and status. 

Managers' choices of objectives are really statements of the 
terms in which the managers see their jobs. Managers can 
express these in any way they like. Managers may elect to 
ignore nearly all of the demands they see and to concentrate 
objectives on other matters. Or at the other extreme, manag­
ers can match, nearly one-for-one, objectives against de­
mands. Managers set their own objectives, because other 
objectives-such as those they hear their bosses pushing-are 
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by definition not the managers' objectives but rather just 
some more demands upon them. The critical factor is the 
extent to which their behavior is guided by the held objec­
tives. Managers who profess one thing and then do something 
inconsistent with it usually get unfavorable attention from 
their supervisors and associates. Whether or not this is also 
true for maintenance managers has not been established. 

CONCLUSION 

The survey reported here has highlighted a discrepancy be­
tween the objectives and the demands that maintenance man­
agers see as defining their jobs. The reality that the managers 
live with is the reality they see-the seen demands, and their 
choices of objectives. In a service organization, the held ob­
,jectives and the seen demands should match fairly closely, if 
objectives direct or guide performance. The survey reported 

here found a mismatch, with differences in the type, number, 
and quality of the held objectives and those of the seen de­
mands. Under the assumption just noted, this mismatch is a 
significant cause of difficulty in managing maintenance. 
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