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Editorial Note 
Regrettably this is the last issue of Question es Informatica to appear in its current format. There are a number of 
reasons for terminating the production of QI in printed form. Firstly, the cost of publication has tripled over the last 
couple of years. Secondly, the interest in the journal has dwindled to the point where one may question the need for 
a South Arican publication on the more academic aspects of computing: the readership has not expanded but, more 
seriously, despite many appeals no contributions are submitted. At present I have only one paper in the pipeline. It 
appears that the only supply of papers comes from the two-yearly Computer Science Symposium, and this is not suffi
cient to justify the expense of publishing QI in its present form. 

Nevertheless, both the Computer Society and the Institute of Computer Scientists feel that a vehicle for publishing 
the results of research in the field of information technology is required for this country. We propose to continue QI 
in a format similar to that used by Questions Informatica. In other words we shall use a photo-reproduction process 
and a printed cover to continue the publication of QI, but at greatly reduced costs. This puts the onus of delivering 
reproducible copy of the authors, but relieves the printers from the problems experienced with unusual 
symbols, diagrams, computer printouts, etc. 

The journal will continue to accept only papers which have been referred. In fact, we shall try to satisfy all the re
quirements for being regarded as a publication acceptable under the rules for obtaining university subsidies. It is also 
intended to guarantee quick publication, say not more than three months after acceptance of a paper. However, the 
journal can only continue to exist if it receives enough contributions of sufficiently high standard. 

Again, I would like to appeal to all engaged in research and development in computer related areas, to consider 
publishing your results in QI. 

Finally, it is my pleasure to thank Dick White, of Thomson Publications, for all he has done to produce this journal 
in its current form. 
G WIECHERS, 
Editor 



Specification and Performance Prediction of Fourth 
Generation Language Run Units 

S. Wulf 
Comcon (Pty) Limited, Johannesburg 

Abstract 
Fourth generation languages offer substantial productivity benefits to data processing departments. Major problems 
associated with their use include the inability of conventional project management systems to control systems develop
ment when they are used and possible future performance problems when large volumes are implemented. A process 
graphing technique is presented for specifying run units in this environment. It can be used in a prototyping environ
ment and also provides the necessary data for building models to predict eventual performance. 

1. Introduction 
During the structured system design phase fl I, all required 

business processes and computer run units are identified. The 
term "run unit" is used to describe stand-alone programs or 
transactions which must be implemented as part of the required 
system. In traditional systems development, the next phase in
cludes program specification, design and coding. Fourth genera
tion languages (eg [21) have been developed to enhance both 
specification and programming productivity. The major pro
blem associated with their use is that if the controls of tradi
tional project management systems are adopted, techniques such 
as user prototyping cannot be used. (Project management 
systems require signed off user specifications). Alternatively, 
organisations which abandon conventional project control find 
that they lose control of quality during programming. The ADM 
methodology has been developed using fourth generation 
languages in an integrated database environment. It includes 
the creation of process graphs for every required run unit. These 
process graphs become run unit specifications for later im
plementation and also provide the necessary parameters for 
building prediction models l31. The predictions of performance 
when full volumes are implemented on the computer system 
become the primary control tool for arriving at a physical 

· database design which not only satisfies performance constraints 
but also models as closely as possible the underlying concep
tual schema [4) of the enterprise. In this paper, process graph 
construction is described and the required steps to build a predic
tion model when direct access files [51 are used for database 
management are defined. 

2. Process graph construction 
The process graph structure is a functional description of the 

run unit using top-down decomposition techniques. The struc
ture is hierarchical with the root node describing the function 
of the run unit. We call the lines between parent and child nodes, 
arcs. The root node is sub-divided into its logical sub-functions 
and these in turn are decomposed in sufficient detail to be able 
to specify database and other device access requests. Every resul
tant arc is assigned arc-values which specify probability of selec
tion and frequency of execution. Thereafter, database and 
device accesses are filled in on those nodes where they occur. 
A logic narrative is produced for every node on the process 
graph. 

2.1 Arc values 
Every process graph element consists of a node and the arc 

to its parent node as follows: 

a/b 

description 

The arc values a/b are associated with each arc. The first value 
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a is such at o <a~ 1 and represents the probability that the node 
and its sub-tree is :,elected during processing. The second value 
b > o represents the number of times that the node is executed I 
when selected. Since most arc values on a typical process graph 
are such that a= I, b = 1, we assume a default arc-value of 1/1 
if the parameters are omitted. 

2.2 Database access primitives 
Access to the conceptual schema is specified using access 

primitives. These have the following format: 

op,rnHon (file oam,-1 [ f IA filo-"'m,-2 )] 

where operation is R 
0 
I 
D 
u 

(read) 
(read owner) 
(insert) 
(delete) 
(update) 

and D is direct or random access 

VIA file-name-2 is access via the owning file-name-2 

S is physically sequential 

The following are examples of access primitives: 

"Get customer record for customer number= 1234" 
R(customer D) 

2 "Add the order to the set for the current customer" 
!(order VIA customer) 

Using these access primitives, the required database access 
operations are specified for each process graph node next to 
the relevant nodes. 

2.3 Access to non-database disks and other devices 
Similar access primitives are used to specify accesses to non

database files and devices. These have the format: 

A(file/ device f no I ) 

where no is the number of physical I0s incurred. The follow
ing are examples of access primitives: 
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"Write 10 lines on the printer" 
A(printer 10) 

"Access the VDU" 
A(VDU I) 



3 "Write 6 !Os to the CICS status file" 
A(CICS 6) 

These access primitives are specified alongside the affected node. 

2.4 Logic narratives 
For each node on the process graph, a logic narrative or 

specification containing processing rules (eg. validation rules) 
is completed. 

Completion of the above components for each process graph 
constitutes process graph specification. 

2.5 A process graph example 

customer 
number 

A(VDU 1) 
A(CICS 1,3) 
R(customer D) 

R(order D) 

1/500 

R(line via 
order) 

1/6 

display 
order 
details 

A(VDU 1) 
A(CICS 1,3) 

We assume a 5 OJo error rate on entering customer numbers, 
6 orders per customer and IO lines per order. This information 
is contained on the conceptual schema. Software-dependent 
parameters are derived separately for each environment. Note 
that all terminal conversations (terminal in-process-terminal out) 
are defined. This is the basic prerequisite for fourth generation 
run unit specification. 

3. Generating physical IOs 
In [41 algorithms are presented to convert database access 

primitives to physical IOs for TOTAL, IMS and VSAM 
database management systems. In [61, automated facilities are 
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provided to perform this operation for the above-mentioned 
systems as well as ADABAS and IDMS. For direct access files, 
[3]presents the following conversion algorithms: 

read random insert and delete A= 1 + (RIB) 
read sequential A= R/0.8B 
~d~e A=i 

where R is second size, B is block size, packing density is 80 % 
and A is the number of physical !Os corresponding to each 
logical IO. 

The hierarchical path to every node consists of the arcs of 
the parent node, grandparent node etc., to the root node of the 
process graph. For each node, we multiply together the a and 
b values of all arcs on its hierarchical path go give the factored 
execution of the node. 

For each node, we multiply the factored execution of the node 
by the calculated number of physical I Os by file and device and 
accumulate for all files and devices. This produces the total !Os 
by file or device for the process graph. 

Based on the total IOs for each file across all process graphs, 
files are allocated to disk devices so as to equalise IO traffic. 
The resultant specification of IOs to each device in the system 
is the information needed to specify a discrete class of the queue
ing network model used for performance prediction (71, 

3.1 Calculating physical /Os of the example 
Assume record sizes of 100 characters and block sizes of 1 000 

characters. 

File/Device 
VDU 
CICS 

Customer 
Order 
Line 

Phycial !Os 
3525.0 
4582.5 

511.5 
3300.0 

33000.0 

If customer, order and line are all on the same disk and CICS 
is on a second disk then disk 1 has 36877,5 !Os and disk 2 has 
4582.5 IOs. 

4. Physical database design 
The prediction model produces response time predictions for 

the run units assuming the ultimate workload planned and that 
the computer system will contain other system workloads which 
run concurrently. These run units which are predicted to run 
unsatisfactorily are then used to determine the parts of the 
database which must be modified to improve performance. The 
iteration continues until a satisfactory design is achieved. 

5. Summary 
A technique to specify the functions of run units has been 
described. It is first used to perform performance predictions 
and subsequent physical database design. Thereafter, the pro
grammer can take the sp~cification directly to the terminal for 
implementation using a fourth generation language. 
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