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514 Chapeer Ten s Network Flows

<. 1 Determine by inspection the ma: ximum-Hlow from nocle l to node dip the toilbwmo '
v . .} graph (numbels on arcs are capacities 1; ,) o

sopurce

Analysis; Careful examination of the posmbihhes will estabhsh that a maximum flow
sends 80 units from 1 to 4 as follows:

S0UTCE

ExameLr 0.4 BU]LDING EVACUATiON MAXEMUM TLow

Maximumn flow problems arise most often as subpxoblems in more complex oper-
ations research studies, However, they oceur naturally in evaluating the safety of
proposed, bmidmg designs.® Proper design reqires adequate capacity for bu11d1ng
evacuation in'the event of an emergency.

Figure 10.14 shows a small exampie involving a proposed sporis arena. Patrons
in the arena would exit in an emergency through doors on all four sides that can
accommodate 600 persons per minute. Those doors lead into an outer hallway that
cait move 350 persons per minute in each direction, - Bgréss from the hallway is
through four firestairs with capacity 400 persons per minute and a tunnel to the
parking lot accommodating 800 persons per minute. Ol.li interest is in the maximum
rate of evacuation p0531ble with this design. '

Part (b) of Figure 10.14 shows how we reduce this safety analysis to a maximum
flow model. Patron flows originate at source node 1. Outbound arcs model the four
doorways. The flows around the outer hall lead to the four stairways and the tunnel:
Persons exiting by : any of those means pass to sink node 10. Capacities entorce the
flow rates of the various facilities.

We wish to know the maximum flow from 1 to 10 subject to the capacmes
indicated. An optimal flow is provided in the are labels of part (b}, Patrons can
escape at a total rate of 2100 per minute.

3Based in part on L. G. Chalmet, R. L, Frances, and 7. B. Saunders {1982), “Network Models for
Building Evacuation,” Management Science, 28, 8&105 All numencal data and diagrams were made up
b)' the author of this book.
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J . {c) Optimal flow . .

FlGiJRE 10134 ‘Building Evacuation Maximum Flow Examplp ‘

Return Arc Network Flow Formulation of Maximun
Flow Problems L

- As sofar presented, neither the iiny example of Sample Fxercise 10,17 nor thetiarger

one of Figure 10.14(b) is a minimum cost network flow problem. Flow conservation

" Adding a return arc to the maximum flow example of Figure .10.14(3:)) praduces
the following digraph; = ' . T




s all flow reaching sink node.10 and returns it to source node

1, thus resforing flow walance (for net demand by = 0. :
To finish a minimuin cost network flow model, we need only introduce cosis,

Notice that the more the flow inveturn arc (10,13, thé greater the flow from sowrce
fo sink. Thus we complete the model by placing a cost of —1 on fow in the return
arc and taking all other costsas 0. Any mipimum cost flow will necessarily maximize

return arc, and thus sauree to sink flow.

Artificial are (10, 1) take

assures that maximum fiow problems can be solved

jgorithms, even mOre e
he references at the

Although principle
by minimun cost network a
dures have been developed, Seet

fficient special-purpose proce-
nd of this chapier for detdils,

0 i i

corresponding to the maximum flow

evelop a minimum cost network flow model
model of Sanple Bxercise 1017,

Modeling: Following construction
following minimus cost fiow problem

. We add a return are (4,1) to obtain the




