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ABSTRACT 

This paper addresses the problem of lack of 
visualization most managers face when using 
computer-based project control systems: although 
highly relevant information is generated, usually 
no graphical output is produced. This paper 
presents a system called UniPert that 
automatically produces high quality drawings 
showing all activities present in a project and 
the relationship among them. A detailed 
description of UniPert's major components and 
algorithms is presented as well as examples of 
its actual use. The main contribution of this 
paper is the integration of many different 
techniques and concepts that led to the 
deve lopment of the UniPert system. 

RESLME 

Cet art ic le se rapporte au probleme du manque de 
visualization que la plupart des entrepeneurs 
r encontrent l o r s de l'usage de systemes de 
cont r o l e de proje t assiste par ordinateur: bien 
que des informations de haute importance sont 
f ou rnies , no rmalment aucunne sortie graphique est 
prevue. Cet article prese nt e l e systeme denomme 
UniPe rt qui produit automatiquement des 
diagrammes indiquan t t out es les activites prenant 
pa rt d'un proje t et l e ur s correspondantes 
r e lati on s . No us prese ntons ainsi une description 
de t ai l1 ee de l'UniPe rt suivant ses principaux 
elemen t s et r es pec t if s algori thmes , de me me que 
quelques examples de son emp1 0 i r eel . La 
principa l e contribution de ce t arti c le consiste 
de l' in t eg r a ti on de plusieurs theorie s e t 
t ec hniques qui me ner ent au deve loppement du 
sys tc,m c: UniPert. 

KEYWORDS: business g r a phi cs , project ma na geme nt, 
pars in g , data struct ur es . 

I NTRODUCT I ON 

The last twent y 
growth in the 
control systems. 
such systems is 
facts: 

years have seen a tremendous 
use of computer-based project 
The increased availability of 

mainly due to the f o ll owing 

• The expanding familiarity of proj ect 
management personnel with this tool; 

• The pressure to complete work quickl y bef o r e 
inflation takes a large share of the budge t; 

• Management hope that an investment i n 
computerized project tracking will shorten 
project time and decrease costs. 

A project control system consists o f comput e r 
programs that analyze the activities present in a 
project, as well as the topological relati onshi p 
among them. Inside the computer, a project is 
represented as a network comp osed of activ ities 
that have to be completed and a set of 
rel a tionship s that have t o be obse r ved . 

The two most common t ypes of netwo rk no t a ti ons 
are: 

• ACTIVITY ON NODE or PRECEDENCE NOTATION 

In this 
conside r ed 

notation, each ac tiv ity lS 

t o be a node i n th e ne t work and 
r e lationships be tween two activities are 
called precede nc e s and represe nt ed as edges 
connec t i ng the nodes associat e d t o t he 
activities. Different t y pes of precede nces 
are allowed and, for each t ype , a minimum 
time span (referred t o as a 1ag) must 
sepa rate the beg inning o r the completion of 
both ac tivities ( r e f e rred t o as predecessor 
and su ccesso r). 
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• ACTIVITY ON ARROW or ARROW DIAGRAM 

In this notation, each activity is 
designated in the network by an edge (arrow) 
that starts at a predecessor node and ends 
at a successor node; both nodes are called 
events and have time values associated with 
them. 

Project control systems using any of the above 
notations will calculate start and finish dates 
for all activities, indicate how long each 
activity can be delayed (referred to as float) 
without delaying the whole project and highlight 
the set of activities with critical float values. 

In spite of the power and extended usage of 
project control systems, even today project 
management is sometimes considered to be an art 
which involves skills for dealing with a great 
number of concurrent and resource sharing 
activities. This is due to the fact that those 
involved in this sort of activity often rely on 
their own previous experience and intuition 
rather than on objective conclusions. 

Part of the problem is caused by the project 
control systems available in the market today. In 
spite of being widely used, these systems usually 
provide users with just lengthy user-specified 
printed reports. To overcome this lack of 
visualization and also to enhance comprehension, 
several companies started offering systems that 
provided users with graphical output more suited 
to their needs. Another solution that is also 
available in the market today acts as a 
post-processor to existent project control 
systems and generates the desired drawings. 

Both approaches were not readily available in 
Brazil in 1982, a time when several companies 
started looking for this kind of graphical 
output . Due to the restrictions posed by the 
Brazilian government for companies to import 
software, it was felt that a locally developed 
system acting as a post-processor to available 
project control systems should be the solution. 
That was the start of the research that led to 
the development of the UniPert system. 

THE UNIPERT SYSTEM 

The UniPe rt sy s tem comprises a control program 
that acc e pt s us e r input parameters, reads in 
pro ject data and produces th e de sired drawings. 
UniPe rt can be i nterfaced to proj ect control 
sys t ems us ing th e pre cede nc e notation for 
ne t wo rk s and wi 11 produce bo th precedenc e 
di ag rams with ac ti viti e s so rt ed in topo l ogi cal o r 
chrono l ogical ord e r and Cannt barc ha rts . 

UniPert was developed 
objectives in mind: 

with the following 

• Drawings produced by the system should have 
the same quality as those produced by 
draftsmen; 

• System portability and graphics device 
independence should be enforced; 

• The system should expend as little computer 
resources as possible; 

• The system should be user oriented, 
requiring neither extensive training nor 
excessive data input. 

These objectives were attained by designing 
UniPert as shown in (Fig. 1). As it can be seen, 
UniPert can be divided into five major components 
or subsystems, each one comprising several 
routines: 

• CONTROL PROGRAM 

• 

• 

• 

This subsystem coordinates the proper 
operation of UniPert's remaining subsystems 
while ensuring correct data flow . 

DATA ACQUISITION 

This subsystem is responsible for 
interfacing UniPert to various project 
control systems such as PROJACS, CIPREC or 
MAPPS. This interface consists of a fil e 
produced by the project control system 
containing all activities and precedence 
information present in the network used for 
project analysis. 

COMMAND INTERPRETER 

This subsystem is responsible f o r r eading 
and parsing all free-f orm commands prov ided 
by users . These commands are keyword 
oriented, can be abbreviated or writt e n in 
full and their syntax is extremel y fle x ibl e . 
Parsing is accomplished by a non-r ecursive 
top-down command syntax anal ysis, error 
reporting and by calling action routine s 
associated with the commands . 

GRAPHICAL OUTPUT 

This subsystem is responsibl e for drawing 
all charts produced by UniPert and it 
consists of a suite of routines patt e rned 
after the GKS standard ( s tri c t adh e ren ce t o 
GKS 1S not enforced, but all important 
concept s and fun c ti ons are pr esen t) . 
Although the list of a vailabl e dev i ce 
drive rs inc lud e s both ra s t e r t ermi na l s and 
pe n plott e r s , onl y th e l a tter are use d by 
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• 

UniPert; the reason is that users usuall y 
take copies of the drawings for distribution 
and further anal ysis. 

ALGORITHMS AND DATA STRUCTURES 

The algorithms and data structures employed 
play a v ital role in UniPert: both are 
responsible for enhancing system overall 
performance. From holding project data to 
positioning activities and routing 
precedences accross the network, these are 
only a few examples of algorithm and data 
structure usage in UniPert. 

=;> =;> 
l....-__ ---.J <= l....-__ ---.J 

FIG. I 

Al mo st a ll UniPe rt's rout i nes were coded 1n 
BLOKFOR, a struc tur ed language based up on 
FORTRAN-7 7 ; the only exce ptions t o this rul e are 
some l ow le vel r outine s f o r address manipulation 
tha t in some ma ch i ne s (e .g . IBM) have to be code d 
1n as sembl y l anguage . 

The BLOKFO R language ca n its e lf be trans l a t ed 
in t o mac hine code by a two-pass proc edure : the 
f ir s t pa s s genera t es an i ntermediate prog r am by 
t r ans lat ing each BLOKFOR s tat ement i nt o 
equ i va l ent FORT RAN -77 st a t ement (s) and the seco nd 
pa s s in puts thi s int e r me d ia t e pr ogr am t o the 
FORTRAN-77 comp i l e r. 

Un iPe rt can be run on comput e r s providing virtua l 
memo r y a ll oca ti on t ha t can be d i rec tl y contro ll ed 
by an app lic a tion pr og r am. At pr e s ent the r e a r e 
t wo UniPe rt r e l ease s runn ing on I BM comput e r s 
unde r OS/VS 1, eNS and CMS and on VAX compute r s 
un de r VMS . Al though t here a r e some mi no r 
d iff e r ences he t ween bo t h ve r s ions , source code 
ma na gement i s ea s il y ha nd l ed by the BLOKFOR 
compil e r i t se l f. 

The fo ll owin g sec ti ons will pr ovide r eade r s with 
ad iti ona l inf o rmati on ab out the pre cedi ng 
subsystems . 

THE DATA ACQUISITION SUBSYSTEM 

UniPert can be inte rfaced to var10US project 
control systems by means of a fil e conta i ning 
selected activ ities and precedences comprising a 
network. 

Although the format of this interface f il e ma y 
change according to the sy stem 1n use, its 
structure must remain the same: activ itie s have 
to be sorted in lex icographic order and after 
each activity there must be a list (p ossibly 
empty ) of its precedences. Besides act iv ity and 
precedence data, an interface file conta i ns 
several header records that a llow Un i Pert t o 
identify the incoming network, its work bre akdown 
structure or run date; this general informat ion 
is used afterwards to properl y pla ce legend s in 
the charts to be drawn . 

The format of the interfa ce file t o be used by 
UniPert can be found in a master file which 
des c ribes the attributes associa t e d wi th 
activities and pre cedences. For activ itie s, the 
minimum set of attributes includes i dentif i cation 
code, float and a start date; f o r prec edences, 
the minimum set i ncludes preceding ac t ivi t y code , 
precedence t y pe and lag . In addition t o a 
flex ibl e int e rfa ce file f or ma t, us e r s may speci f y 
which information will be di splayed in th e cha rts 
produced by UniPe rt; this option a ll ows use r s t o 
effectivel y tay l or Un i Pe rt's output to suit t hei r 
needs. 

Since inte r f ac e fil e s may contain se ve ral 
networks, each one wi th an unknown number of 
a c tivities and precedence s, data acqui s it ion i s 
performed by a t wo-pass procedure r epea ted f o r 
each net work pre se nt: th e f i rst pa s s wr i t es t he 
nex t ne two r k i n the i nt e rface fi l e in t o an 
intermedia t e f il e and a ll oca t es enough v i rtua l 
memor y t o ho l d all ac t ivi t ies and pr e cede nc es; 
the second pa s s compl e t es th e process by r ead i ng 
the int e rmedia t e f i l e a nd s t o ring ac t i v i t i e s and 
prec ede nces int o th e v irtual memor y da t a 
s truc tures . 

THE COMMAND INTERPRETER 

The conulland i nt e r pr e ter used by UniPe r t can be 
c l assi fie d as a ' one- symbol -l ookahe ad wi t hou t 
back track ing t op- down pa r se r' [ WI RT76 ) , [WIRT77 ) . 
The pa r se r i s s i mila r to ' a r ec ur s ive - de s ce nt 
pa r s ~ r exce pt tha t r ecu r sion is r emoved by us ing 
an lnt e rna l s t a c k . Gr amma r s acce pt ed by t he 
comma nd i nt e rpre t e r a r c o f c l a ss LL( l ) [L EW I 76 ) 
and t hey a r e r epre s e nt ed i ns i de t he pa r se r as a 
syn t ax g r a ph . TIli s s yn t ax g raph cons i sts o f nodes 
tha t co rrespond t o t he t e rminal and non-t e r mina l 
symbo l s pres e nt in t he g r3mmar t o be pa r sed . 
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Command parsing is performed by traversing the 
syntax graph in response to the tokens recognized 
by a scanner. The scanner recognizes identifiers, 
keywords, l i terals, numbers (both integer and 
real), symbols, indirect command files [DED080] 
and passes these tokens to the parser that will 
compare them to the syntax graph node contents. 
Graph traverse is aided by a stack which holds 
pointers to the nodes that have yet to be 
recognized. A pointer to the successor of a node 
is pushed-down into the stack whenever this node 
corresponds to a non-terminal symbol. Upon a 
non-terminal symbol identification, a pointer is 
popped-up from the stack and the analysis 
proceeds with the pointed node. 

Every node in the syntax graph has attached to it 
the number of a 'semantic' routine that 
corresponds to the action one has to take upon 
node recognition; this scheme provides great 
flexibilit y since it allows for a complet e 
separation of syntax and semantics [SETZ79] . 

To make interaction with UniPert easier, the 
command interpreter allows users to input 
commands with keywords in abbreviated form or 
with extra words to improv e readability . (Fig. 2) 
give s an example of a command used by UniPe rt t o 
identif y the company which is running the system; 
(a ) shows the command definition, (b ) shows how 
th e command is represented in the syntax graph 
and (c) shows some alternate forms of its use . 

aJ 

bJ 

c ) 

fIG. 2 

Commond De fin i t ion: 

COMP ANY _ COMMA ND = 'COMP.ANY' ' $lITERA L'. 

I COMP ANY _COMMAND I! I 

I COMP.A~~ 
/ 1 C2L2J 

COMPANY ' ACME ENGINEERING CO' 

COMP ArlY NAME IS ' ACME ENGINEERING CO' 

(O fAP = 'ACME ENGINEERING CO' 

COMP 'ACME ENGin EERING CO' 

GRAPHICAL OUTPUT PRODUCED BY UNIPERT 

UniPert produces two t y pes of graphical output: 
precedence di agrams with activ ities sort ed i n 
topological (Fig. 3) or chronolog ical (Fig. 4) 
order and Gannt barcharts . 

The main difference between both prec edence 
diagrams is how the activities are placed: in the 
topological order, activities are sorted s o that 
each activity is placed to the right of all i t s 
preceding activities; in the chronolog ical order, 
activities are sorted so that all activit i es t o 
the left have lower start date values than tho se 
to the right. Another way of showing t he 
difference between both placement method s is t o 
notice that in topological order precede nce fl ow 
is always to the right; in chronological or de r 
some precedences may turn back, thus fl owing t o 
the left . 

Gannt barcharts show no precedence inf or mat ion a t 
all but clearl y indicate how l ong each act iv ity 
will take to be completed or how f a st is wo r k 
being done. Si nce drawing barchart s do no t pose 
many challenges to UniPert, thi s pa pe r wi ll 
concentra t e just upon preced ence d iag r ams. 

When drawing pre c edence diagr ams, ac t ivi t y 
placement play s a trull y i mpor tant r o l e: it 
dete rmine s how aesthe tic the fina l cha rt will be 
and how long it wi ll take t o r oute pr ecedences 
through the se t of rows and co lumns ac t ivi t ies 
had been plac ed i nto. As i t can be seen i n 
(Fif ' 5), activ it i es are plac ed as boxes in to t he 
rows and columns of a ma tr ix . Th e distance 
betwe en r ows is c ons t ant, a ll owing up to six 
horizontal precede nce se gments t o be r outed 
through. Th e distanc e be t wee n co lumn s , on t he 
contrary , i s no t fi xed a nd va ries accord ing t o 
the number of acti vi t ie s pl aced int o t hem; t h i s 
s cheme ga r ant e es that no t wo ve rt ica l precede nce 
segme nt s will ove rlap each ot he r. 

As soc iated with eve r y ac tiv it y , t he r e a r e t wo 
po int s ca ll ed l eading (t o the l eft) and t ra i l i ng 
(to th e ri ght) connec t ors. Th ese po int s co ll ect 
a ll precedences so tha t a rri va l s a r e always made 
a t the l eft si de and de pa rtures a r e a l ways made 
f r om the r ight side . This rul e wo r ks pe r fect l y 
f o r ac tivit ies so rted i n t opo l og ical orde r, since 
preceding ac ti vities ar e placed t o the left. For 
chrono l og i cally sor t ed ac ti vi t ies , the r e may be 
some precedences i n whi ch the predecessor 
ac t iv it y comes t o th e ri ght of t he successor one ; 
in this case, t he r eversed precede nce is drawn as 
a dashed li ne (Fig. 6). 

Projec t managemen t allows up to four diff e rent 
t ypes of precedences: 
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D D 

D D D D D 

D D 

D D 
FIG. 5 

- ----- ·r~ - -- - -- -

FIG. 6 

• 

• 

• 

• 

F I NISH TO START (FS) wher e the beginning of 
an a c tivity depends on the completion of its 
predecessor; 

START TO START (SS) where the beginning of 
an activity depends on the beginning of i ts 
predecessor; 

FINISH TO FINISH (FF) where the completion 
of an activity depends on the completion of 
its predecessor; 

START TO FINISH (SF) where the completion 
of an activity depends on the beginning of 
its predecessors . 

To make clear which t y pe of precedence is 
connecting two activities, UniPert draws along 
the precedence's horizontal segment its type and 
lag value. UniPert always draws this inf ormation 
between activi t y co lumns in a position where no 
precedence will ever c ross it (Fig . 7). 

As it was stated before, users can specify which 
information will be posted i n side activity boxes. 
Up t o fifty user-specified formats can be 
accomodated and UniPert provides a default format 
that includes: ac tivi t y code and description, 
earl y start a nd finish dates, du rat ion, float a n d 
a milestone flag (Fig . 8) . 
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--•• ,0--------' rEf-

FIG. 7 IL....-____________ ----J 

ActIvIty Code 

\ r 650 4E 1 OK 11 
FABR/ TR." v 
ASOS (075 / 8 
0) 

Early start/ 
18MAR8J lao 
1 35£T8J I 905 

Early FInIsh 

FIG. 8 

Activi t ies with critical float values are 
properly highlighted so as to reflect their 
importance. Highlighting is accomplished by 
drawing critical activities and precedences with 
a different linewidth (Fig . 9 ). 

FIG. 9 

All chart s produ ced by UniPert are framed inside 
four differen t but s t andard page sizes, ranging 
f r om AO ( 118. 8x84.0cm) to A3 (42.0x29.7cm). When 
c harts are divided i nt o pages, there are some 
precedences which cross page boundaries. UniPert 
interrupts each cross ing precedence and places at 
i nt e rrupt points arrows indicating flow direction 
a nd actlvlty codes giving ' from-to ' information 
(Fig. 10 ) . 

--~ 
"'=============== -_----1= 

FIG. IO L-____________ ~ 

Each page is identified by a legend placed at the 
lower-right corner; this legend gives the name of 
the company using UniPert, display s the structure 
of the network submitted, run date and page 
number and also identifies the fields posted 
inside activity boxes (Fig. 11). 

Legend DescrIbIng ActIvIty Box Contents 

r-·:cl ~iHE!l~i! Iff~·.J.~= .• -::Ir:I_ .... _ 
!l : ~ E:'iJIlI I"·· .. ~~-:T.I 

~ .--

FIG. II 

~ CC ~ ._--- -- ~IIC"'" 

Legend DescrIbIng Company and 
Network Data 

S I ST(HA UNIFiE RT 

ALGORITHMS AND DATA STRUCTURES 

~ 
I4..U'ICIC'" All 

The main data structures used by UniPert comprise 
a table for storing activities, a queue to be 
used f o r sorting activities in topological order 
and several linked list s for storing p r ecedences 
a nd also for precedence routing. All these data 
structures are conside r ed to be ·dynamic since 
they only ex i s t in v irtual memory at r un time. 
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As it was seen before, activities are placed as 
boxes into the rows and columns of a matrix. 
Column placing is accomplished by first sorting 
activities in topological or chronological order; 
this new ordering will be used afterwards to 
assign activities to the columns in a 
left-to-right process. It may happen that some 
rows have no enough space to accomodate all 
assigned activities; in this case, the extra 
activities are transferred to next columns until 
all columns are properly filled. 

Row assignment is accomplished by distributing 
activities so that for each activity the sum of 
the vertical distances to all preceding 
activ~t~es is minimized. Activities sharing the 
same predecessors will be placed into the same 
row; to avoid this collision, activ~tles are 
evenly spread around their assigned rows. 

Precedences are routed through channels placed 
like a grid over the drawing; grid dimension is 
set to 0.2Scm (about 1/10in) and users hav e no 
control about it. To easy the routing process, 
activity boxes with leading and trailing 
connectors are transformed into channel obstacles 
(Fig . 12); using this approach, the router's only 
task is t o find pathes that avoid channel 
obs t ac les and join activity connectors. 

000 
DD 

FIG. 12 L-_____________ ----I 

Path finding is accomplished by extending two 
vertica l line s through both connectors and b y 
searching fo r an horizontal segment that goes 
from one line to the o ther without hitting any 
channel obstacles (Fig. 13). If such segment is 
ever found, lt lS inser t ed into the list of 
channel obstacles with a tag identi fyi n g it as 
being part of a pr ecedence . 

FInal SolutIon 

-Uo 
SuccessIve TrIes 

FIG. /3 L-____________ --1 

After the routing process finishes, tagge4 
channel obstacles and their associated vertica~ 
lines are drawn thus completing the algorithm. 
Precedences not routed by this procedure are 
printed in a report and left to be completed by 
hand; except for just one extremel y dense 
network, where it attained a score of 97%, 
UniPert never failed to route all precedences . 

The algorithm used for precedence routing is ve r y 
efficient and although routing t ime accounts for 
up to 40% of total running time, overall 
performance is very high. A network generated by 
PROJACS consisting of 77 activities, 110 
precedences took 23s of CPU time to be completed 
in an IBM 4341 running under MVS; running time 
was observed to be roughly proportional to both 
the number o f activities and precedences. 

EXAMPLES OF UNIPERT'S USAGE 

UniPert has been used for the l as t t wo years by 
several companies as an aid to solve their 
project management problems. Among these 
companies one can find: 

• A major civil construction company 
UniPert to manage the building 
inte rnat ional airpo rt in Brazil; 

tha t used 
of an 

• A s t ate railroad company that used UniPert 
to manage its expansion pr og ram; 
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• An engineering company that used UniPert to 
manage the construction of a chemical 
processing plant. 

Almost all companies employing 
PROJACS as their project control 
company uses CIPREC and another one 
using MAPPS. 

UniPert use 
system, one 
will start 

CONCLUDING REMARKS 

This paper presented the UniPert system for 
drawing charts that complement the output 
produced by current project control systems. The 
precedence diagrams and Gannt barcharts produced 
by UniPert enhance project comprehension and 
provide users with a new tool for project 
analysis . 

Looking at the software modules that comprise 
UniPert, one can see the fusion of several 
computer science techniques that led to the 
production of a system that is not onl y modular 
in nature but also easy to use, understand and 
modif y . 
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