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Description 

Method and apparatus for computer-aided pipette 
selection for a placement head of an automatic 

5 placement machine, and for allocation of components to 

the pipette types provided in a pipette selection 

The invention relates to computer-aided pipette 
selection for a placement head of an automatic 

10 placement machine, and to the allocation of components 

for the pipette types predetermined in a pipette 
selection. 

automatic placement machine places 
components, for example electrical resistors, 

15 transistors, capaeitors, etc., on a printed circuit 
board, at predetermined posi tio:ns within the printed 
circuit board. This is done by using a placement head 
to transport the components from a component store to 
the respective position above tbe printed circuit 

20 board, and then to place them in position. 
Various types of placement heads are normally 

used. One such placement head is, for exp:m.ple, the so­
called SP head {§.'peed flacer-head), by means of which a 
nUitlber of components can be picked up from the 

25 component store, tra..~sported and successively placed on 
the printed circuit board. 

An SP placement head has a nlllilhe~ of segments, 
(norm.ally 6 or 12 segments), to each of which a pipette 
can be fitted. The pipettes allow components to be 

30 picked up and placed in position. There a:re various 
pipette types by means of each of which dif!erent types 
of components can be placed in position. The process oF 
populating a printed circuit board with components by 

means of an SP placement head nox:mally takes place in a 
35 nmnbe.r of iterations (cycies), in each of which the 

placement head first of all picks up as a maximum the 
number of c::omponents. which can be processed and then 
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places them. down on the printed circuit board in the 
same 
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sequence in which it picked them up. The time which is 
required for one cycle depends only to a minor extent 
on the number of components picked up and placed in 

5 position in this cycle, so that the smallest possible 
number of cycles for the placement process is the most 
time-critical criterion relating to the population 
process. 

It is thus desirable to pick up a.nd place in 
10 position as many components as possible in the 

individual cycles, that is to say to avoid "gaps" in 
the placement process, in association thus to minimize 
the number of cycles required to place all the 
components in position. 

15 A method for checking the so-called eonsecutive 
ones characteristic, is described in riJ. If the 
consecutive ones characteristic is presant, then the 
method from [1] implicitly provides all the permissible 
associations to component types. 

20 A method for checking the so-called acyclic 

25 

hype:rgraph characteristic, which has a linear 
complexity, is known from. [2J. 

A method for solving a flow problem is known 
from [3] • 

A so-called branch and cut m.ethod tor optimum. 
solution of an integer linear program is known in (4). 

The invention is based on the problem, for a 
placement head and a predetermined set of components to 
be placed in position by it, of specifying a method and 

30 an apparatus for selection of the pipettes to be fitted 
to the placement head and for allocation of the 
components to tha pipette types which are included in 
the pipette selection, by means of ~hich method and 
apparatus a printed board is populated with the 

35 predetermined components in as small a number of cycles 
as possible .. 
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The problem is solved by the methods having the 
features as claimed in the independent patent elaims 
and by the apparatuses having the features as claimed 

5 in the independent patent claims. 
One method for computer-aided pipette selection 

for a placement head of an automatic placentent machine 
and for allocation of components to the pipette types 
predetermined in a pipette selection, 

1 
for a given 

10 number of cycles z, comprises the following step: 
using 

a stored component type list B with a respectively 
associated number of components of the component 

type to be placed, 

15 a component type association based on the 
component types, 
a stored pipette type list P o! available pipette 
types and an allocation list E which indicates 
which component types can be placed using what 

20 pipette types, 
and based on the component type association for the 
pipette types p e P, a pipette type association is 
formed in such a manner that: 
pl :S: p2 => (1 (pl) <1 (p2)} V ( (1 (pl) ~l (p2)) A f:(pl) ~f (p2))), 

25 where 

pl, p2 e P denote different pipette types, 
l(p), p e P, is defined by 
1 (p) = :max {b E B l {b, p) e E} / 
f(p}, p e P, is defined by 

30 f (p) = min {b e B I (b, p} e E}, 
in which the components are successi ve1¥ allocated to 
the pipette types, in a sequence which results from the 
component type association, in the following manner: 
if, for a component type, pipette types e&ist to which 

35 any given multiple of the number of cycles z of large 
n'Ultlbers of components 
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are not already allocated, then these pipetta typas are 
first of all allocated to components on the basis of 

the pipette type association, in such a manner that the 
number of allocated components is rounded up where 

5 possible to the next multiple of the nultlher of cycles 
z; 
if any components of this component type remain, then 
these are allocated to the last possible pipette type 
based on the pipette type association and, 

10 in which the number of components allocated to one 
pipette type is used to determine the number of 

pipettes of that pipette type to be selected. 
A further method for computer-aided pipette 

selection for a placement head of an automatic 
15 placement machine and for allocation of components to 

the pipette types predetermined in a pipette selection, 
with a given nu:mber of cycles z, comprises the 
following step: 
using 

20 a stored component type list B with a respectively 
associated nl.mlber of components of the component 
type to be placed, 
a stored pipette type list P or available pipatte 
types and an allocation list E which indicates 

25 which component types can be placed using what 
pipette types, 

a check is carried out to determine whether a 
permissible component type association exists, that is 
to say whether: 

30 {bl, p} E E, {b2, p) e E, bl ~ b s b2 => (b, p) e E, 

where 
-- bl, b2, b components in the component type list B 

are denoted, 
(b, p} e E, b e B, p e P, denotes· the situation 

35 where a component of component type b can be placed 

using a pipette of pipette type p, 
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based on tne permissible component type association for 

tbe pipette types p e P, a pipette type association is 
formed in such a manner that: 
pl~ p2 => (l(pl)<l{p2)) V ({l{pl}=l(p2)) A f(pl}~(p2))) 1 

5 where 
pl, p2 ~ P denote differant pipette types, 
l(p), p e P, is defined by 

1 (p) = max {b e · B I (b, p} E E}, 

f(p), p e P, is defined by 

l O f (p) • min {b e B ! (b, p) e E} , 

the components are successively allocated to the 
pipette types, in a sequence which results from the 
component type association, in the following manner; 
if, for a component type, pipette types exist to which 

15 any given multiple of the number of cycles z of large 
numbers of components are not already allocated, then 

these pipette types are first of all allocated to 

components on the basis of the pipette type 
association, in such a manner that the number of 

20 allocated components is rounded up where possible to 
the next multiple of the number of cycles:z; 
if any components of this component type remain, then 
these are allocated to the last possible pipette type 

based.on the pipette type association and, 
25 the number of components allocated to one pipette type 

is used to determine the number of pipettes of that 
pipette type to be selected. 

An apparatus for computer-a!ded pipette 
selection for a placement head of an automatic 

30 placement machine and for allocation of components to 

the pipette types predetermined in a pipette selection, 
for a predetermined number of cycles z, includes 

a melil.ory for storing a component type list B, a 
pipette type list B and an allocation list E, 
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a processor which is coupled to the memory and is 
set up in such a manner that the following steps can be 
carried out: 
using 

5 the stored component type list B with the 
respectively associated number of components of 
the component type to be placed, 
a component type association tor the component 
types, 

10 the stored pipette type list P ot available 
pipette types and the allocation list E which 
indicates which component types can be placed by 

what pipette types, 
and based on the component type association for the 

15 pipette types p e P, a pipette type association is 
formed in such a manner that: 
pl s p2 => (l(pl}<l(p2)) v ((l(pl)=l(p2}} ~ f(pl}~f(p2))), 
where 

pl, p2 e P denote different pipette types, 
20 1 {p), p E P, is defined by 

1 (p) ::s max {b e B I Cb, p) e E}, 

f(p}, p E P, is defined by 

f (p) = min {b E B I (b, p} e E} , 

in which the co:m.ponents are successively allocated to 
25 the pipette types, in a sequence which results !rom the 

component type association, in the following manner: 
if, for a component type, pipette types exist to which 
any given multiple of the number of cycles z of large 
numbers of components are not already allocated, then 

30 these pipette types are first of all allocated to 
components on the basis of the pipette type 
association, in such a manner that the number of 
allocated components is rounded up where possible to 
the next multiple of the number of cycles z; 

35 if any components of this component type remain, then 

these are allocated to the last possible pipette type 
based on the pipette type association and, 
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in which the number of components allocated to one 
pipette type is used to determine the number of 
pipettes of that· pipette type to be selected. 

A further apparatus for computer-aided pipette 
5 selection .. for a placement head of an automatic 

placement machine and for allocation of components ·to 
the pipette.types predetermined in a pipette selection, 
for a qiven number of cycles z, includes 

a memory for storing a component type list B, a 
10 pipette type list B and an allocation list E, 

a processor which is coupled to the memory and is 
set up in such a manner that the following steps can be 
carried out: 
using 

15 a stored component type list B with the 
respectively associated number of cOll\ponents of 
the component type to be placed, 
a stored pipette type list P of available pipette 
types and an allocation list E which indicates 

20 which component types can be placed by what 
pipette types, 

a check is carried out to determine whether a 
permissible component type association exists, that is 
to say whether: 

2 5 ( b 1, p} e E, (b2 , p) e E, b1 :S b s b2 => (b, p} e E, 

where 
-- bl, b2, b components in the component type list B 

are denoted, 
-- (b, p) E E, b E :s, p E P, denotes the situation 

30 where a component of component type b can be placed 

using a pipette of pipette type p, 
in which, based on the permissible component type 
association for the pipette types p e P, a pipette type 
association is formed in such a manner that: 

35 pl ~ p2 ~ (1 (pl) <l (p2)} V ( (1 (pl}=l {p2)) A f (pl)~f (p2))), 
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where 
pl, p2 e P denote different pipette type~~ 
l(p}, p E P1 is defined by 
1 (p} - m.ax {b E :s t {b, p) E E}, 

5 f(p}, p e P, is defined by 

f (p) = min {b e B I (b, p) e E} / 
in which the components are successively allocated to 
the pipette types, in a sequence which results from the 
component type association, in the following manner: 

10 if, for a component type, pipette types exist to which 
any given multiple of the number of cycles z of large 
numbers of components are not already allocated, then 
these pipette types are first of all allocated to 
com.ponents on the basis of the pipette type 

15 association, in such a manner that the number of 
allocated components is rounded up where possible to 
the next multiple of the number of cycles z; 
if any components of this component type remain, then 
these are allocated to the last possible pipette type 

20 based on the·· pipette type association and, 
in which the number of components allocated to one 
pipette type is used to determine the nllltlber of 
pipettes or that pipette type to be selected. 

The invention is distinguished in that the 
25 process of populating a printed circuit board with. 

predetermined components can be carried out in as small 
a number of cycles as possible, in some cases even in 
an optimum number of cycles, which leads to the 
population process being speeded up considerably. 

30 The method as claimed in patent claim 2 checks 
the so-called consecutive ones cha::r:acte·:ristic of the 
possible allocations of the components to the 
respective predetennined pipette types, that is to say 
it investigates the question as to whether a 

35 permissible component type association exists. 
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Preferred developments of the invention result 

from the dependent claims. 

If the consecutive ones characteristic is not 

:satisfied, then, in a development, it is advantageous 

5 to reduce the size of the set E of possible allocations 

of component types to pipette types: based on the 

component types and the pipette types, as many 

components as possible are allocated successively for 

each pipette type to the respective pipette type so 

10 that a component type association to the component 

types exists for the resultant allocation list E in 
such a manner that: 

(bl, p) e E, (b2, p) e E, bl s b ~ b2 ~ {b, p} e E. 
For the pipette types p E P, a pipette type 

15 association is formed for the purposes of this 

development in such a manner that: 
pl S p2:::) {l(pl)<l(p2)) V ((l{pl)=l(p2}) A f(pl)~f{p2))), 

and the components are allocated to the pipette types in a 
sequence which results from the component type 

20 association,· in the following manner: 
if I for a COJXl.pOnent type, pipette types exist .to Which 

any given multiple of the number of cycles z of large 
numbers of components are not already allocated, then 

these. pipette types are first of all allocated to 
25 components on the basis of the pipette type 

association, in such a manner that the number of 

allocated components is rounded up whe:r:e possible to 

the next multiple of the nUIDber of cycles z; 

if any components of this component type remain, then 

30 these are allocated to the last possible pipette type 

based on the pipette type association. The number of 
components allocated to one pipette type is used to 

determine the number of pipettes of that pipette type 

to be selected. 

-
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This development, which admittedly no longer 
guarantees an optimum. solution, has been found to 
produce very good results in practice. 

Furthermore, in the situation where no 
5 permissible component type as5ociatiott exists, the 

solution to be determined can be found by solving a 
sequence of flow problems. 

In the situation where no permissible component 
type association exists, a check is carried out to 

10 determine whether a set of trees with the pipette types 
as nodes of the trees can be determined for possible 
allocations of the component types to the· pipette types 
in accordance with the allocation list E, so that each 
sub-graph, which is induced from a set of pipette types 

15 P(b) which can place a component b, in the set ot trees 
is cohesive, and if such a set of trees can be 
determined, the pipette types can then be topologically 
sorted, and the solution to be determined is !ound by 

solving a sequence of flow problems. 
20 This refinement results in the population 

process being carried out with a minimum number of 
required cycles. 

A further preferred refinement provides that, 
in t~e situation where no permissible association 

25 exists / a check is carried out to determine whether a 
set of t:ree.s with the pipette types as nodes of the 
trees can be determined for possible allocations of the 
component types to the pipette types in accordance with 
the allocation list, so that each sub-graph, which is 

30 induced by a set of pipette types P(b) which can place 
a component b, in the set of trees is cohesive. If 
such a set of trees cannot be determined, elements are· 
deleted from the allocation list E until such a set of 
trees can be determined. The solution to be determined 

35 is found by solving a sequence or flow problems. 

-
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This development, which admittedly no longer 
ensures an optimum solution, has been found to produce 
very qood results in practice. 

The flow problem can be tormed in accordance 
5 with the following rules: 

-~ 

Lxi,p 
p:(b,p)eE 

--

L Xbp :.:; Cp 
p:(b,p)eE 

where 
a number of n1::1 indicates 

10 component type b e B to be placed, 

eB 

rt p e P 

components of 

Cp1 p E l? denotes a window which can 
predetermined and which is varied in association 
form the sequence of flow problems, 

the 

be· 
to 

·a first solution variable X1:>p indic::ates ho\tl many 
15 components of the component type b e E are placed by a 

pipette of the pipette type p e P. 
In the situation where no permissible 

association exists, a check can be carried out to 
deter.mine whether a set of trees with the pipette types 

20 as nodes of the trees can be dete:rrnined for possible 
allocations of the component types to the pipette types 
in accordance with the allocation list, so that each 
sub-graph, which is induced by a set of pipette types 
P(b} which can place a component b, in the set of trees 

25 is cohesive. !f such a set of trees cannot be 
deter~ined, the solution to be determined can be found 
by solving a linear program. 
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The linear program can be fonned in accordance 
with the following rules: 
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Lxbp = nb 
p:(b,p)eE 

\:/be B 

L Xbp ~ Yp. z 
p:(b,p)eE 

where 
nb indicates a number of components of the 

5 component type b e B to be placed, 
a. first solution variable xbp indicates how many 
components of the component type b e B a.re placed· 
by_a pipette of the pipette type p e P. 
a second solution variable yp indicates how many 

10 .pipettes of the pipette type p E P are salected, 
k denotes a mllnber of segments of the placement 
head, and 

x,y ~ O is an integer. 
This development. once again ensures that the 

15 population process can be carried out with the optimum 
number of cycles. 

The developlnents apply both to the method and 
to the apparatuses, with the processor in each case 
being set up in such a manner that the methods can be 

20 carried out according to the development. 

of the 

detail 

The figures illustrate an exemplary embodiment 
invention, which will be 
in the following text. 

explained 
ln the 

in more 
:!igures: 
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Fi9ure 1 shows a flow chart which illustrates the 
method steps for the exemplary embodiment; 

Figure 2 shows a sketch of an automatic placement 
machine; 

,: 
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Fiqures 3a and 3b show a sketch of possible allocations 
of components .to pipette types, which satisfy 
the consecutives ones characteristic; 

5 Figures 4a and 4b show a sketch of possible allocations 
of_ components and pipette types before and 
after the sorting of the pipette types; 

Figures Sa and Sb show a sketch of possible allocations 
10 which satisfy the acyclic hypergraph 

characteristic. 

Fiaure 2 shows an automatic placement machine 
201 with a feed region 202, which contains feed devices 

15 with component stores. The component stores contain 
components which are placed at predetermined placement 
positions 204 on a printed circuit board 203 by means 
of the auto~atic placement machine 201. The components 
205 are picked up by a placement head - an SP head or 

2 o an IC head, - are transported to the placement 
positions1 and are placed at the respective placement 
position on the printed circuit board 203. 

The placement head has segments for holding 
pipettes of different pipette types p e P by means of 

25 which different components can be 
transported and placed in position. 

picked UP1 

Di:fferent component types which can each be 
placed in position using the same set of pipette types 
can be combined to form so-called component classes and 

30 can all be handled as if they were one component type. 
It can thus be said that two components belong 

to the sain.e component class if they can be placed in 
position using precisely the saroe pipette types. 
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The automatic placeme~t machine 201 has an 

apparatus 206, having a memory 207 and a processor 208, 
which is connected to the memory 207. 

The !ollowing lists are stored in the me?nory 

5 207: 

a component type list B in which the component 
types which .. ·are intended to· be placed on the printed 

circuit board 203 are stored, together with the 
respective number of components. 

10 A pipette type list P, in which the available 

pipette types are stored. 

An allocation list E which states which component 
types c:an be placed in position using what pipette 

types. 
15 According to the method described in the 

following text, the pipettes to be fitted to the SP 
placement head for populatin9 the printed circuit board 
203 are determined. The placement head is fitted with 
the pipettes of the appropriate pipette types, and the 

20 printed circuit board 203 has the component 205 placed 
on it in accordance with the predetermined population 
plan and the-;predetermined placement positions 204. 

In order to make it easier to understand, the 
allocation list E can be represented in the form of a 

25 bipartite graph (see Figura 3a and Figure 3b). 
Nodes on the left-hand side of the graph (see 

Figure 3a) denote component types, and nodes on the 
right-hand side of the bipartite graph denote pipette 

types. Links between the nodes 'on the left and right-

30 hand sides of the graph indicate that a component of 
the respective component type can be placed in position 
using a pipette of the respective pipette type. 
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The method whose method steps are illustrated 
in Figure 1 is carried out in association to allocate 
the components to the pipettes, and thus in association 
to select the pipettes from various pipette types for 

5 population of the printed circuit board 203. 
A placement operation is carried out in at 

least one cycle, with a cycle in each case denoting a 
sequence in '.Which the placement head picks up a nmnber 
of components which can be predetermined, as a maximum 

10 its capacity o! components, transports them and places 
them at the appropriate, predetermined placement 
position 204 on the printed circuit board 203. 

The aim. is to keep the number of cycles 
required for a placement process as· low as possible. 

15 The method described in the fo l'lowing te:xt is carried 
out iteratively for at least a number of cycles which 
can be predetermined. 

The followinq procedure is chosen in this case, 
by means of which a solution to the pipette selection 

20 problem, which will be explained in the following text, 
for the predetermined number of cycles, it is found or 
determined .. that no such solution exists for that 
predetermined number of cycles. 

If a solution exists, then the method is ended, 
25 while if no solution is determined, then the number of 

cycles is increased, and the ~ethod for solving the 
pipette selection problem is 'carried out, until a 
number or cycles has been determined for which a 
solution exists. 

30 This procedure can, obviously, be formulated as 
follows. A trivial lower limit us and an upper limit os 
are specified for the minimum nU!tlber z of cycles. 

The method comprises the following steps: 

35 1. Set z = us. 
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2. Find a pe:rmissible solution for the pipette 
.selection problem. If no pennissible solution exists 
and the upper limit as for the nUl:Illoer z of cycles has 
not yet been reached, set z = z + l and repeat step 2. 

5 It has been !ound that, generally, the optimum 
number of cycles results from the lower limit us itself 
or from us + 1, so that, generally, one or two 
iterations of the method axe sufficient to determine a 
solution to the pipette selection problem. 

10 In each iteration, that is to say for a 
predetermined number of cycles in each case, the method 
described in the following text is carried out to 
detennine the allocation of the components to the 
pipettes. 

15 In a first step (step 101), a check is carried 
out for the possible allocations of the component types 
to the various pipette types to determine whether the 

consecutives ones characteristic is satisfied. 
The consecutive ones cilaracteristic is 

20 satisfied if: 
a component type association in the set of 

component types can be defined such that: 
(bl, p) e E, (b2, p) e E, bl s b ~ b2 => (b, p) e E, 
where. 

25 bl, b2, b denote components in the component type 
list B, 

Cb, p) e E, b e B, p e P, denotes the situation 
where a component of component type b can be placed in 
position using a pipette of pipett~ type p, 
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such a component type association is referred to in the 
following text as a permissible component type 
association. 

Figure 3a and Figure 3b illustrate an example 
5 of one possible. allocation which satisfies the 

consecutive ones characteristic. 
The two bipartite graphs (Figure 3a, ~qure 3b} 

illustrate the component types bj (j = 1, ._, m) the 
pipette types (P1 (i = 1, ... , n) and the set of possible 

10 allocations of component types to the pipette types. 
In the graphs in Figure 3b, the component types 

are arranged in such a manner that those component 
types which can be placed in position using a pipette 
of the respective pipette type p e P follow one another 

15 directly tor all the pipette types p e P. The 
consecutive ones characteristic is accordingly 
satis::fied. 

The :method described in [l) is used to check 
the consecutive ones characteristic, using which method 

20 a data :record can be checked w~th a linear delay time 
for the consecutive ones , characteristic. If the 
consecutive 'ones characteristic is satisfied, then the 
method from (lJ implicitly supp~ies all the permissible 
associations to the component types. 

25 When an instance of the pipette selection 
problem. with a consecutive ones characteristic occurs, 
then, in a second step (step 102), a method is carried 
out which is referred to in the following te&t as the 
inverse qreedy method and whose method steps are 

30 explained in detail. 

The inverse greedy method is used to find, for 
a predetermined number of cycles z, a minimum number cf 
pipettes which are required to place in position all 
those components which are to be placed in position, 

35 with z cycles. At the same time, the corresponding 
allocations of the components to the pipettes of the 
various pipette types and the number of pipettes of the 
respective pipette type p E P are deter!tlined. ,. ,,. 
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Provided the number of pipettes required is not 
greater than the number of segments on the placement 
head, then a solution to the pipette selection problem 
tor z cycles has been found, otherwise no such solution 

5 exists. 
Before the method is carried out, a pipette 

type association for the pipette types is formed in 

such a manner that: 
pl~ p2 ~ (l(pl)<1(p2)) V ((1(pl)=l(p2)) A f(pl}~f(p2})), 

10 where 

pl 1 p2 e P denote different pipette types, 
l(p), p e P, is defined by 

1 (p) • max {b e B I {b, p) E E} , 

f(p), p E P, is defined by 
15 f(p) =min {b e B I (b, p) e E}, 

trigure 4a and Figure 4b show the example of 

pipette type association started in Figure 3a and 
Fiqore. 3b. In addition to the component types, the 

pipette types are also arranged in a suitable manner in 
2 o the graph in Figure 4b. 

In tha inverse greedy method (step 102), the 
components are successively allocated to the pipette 

types in a sequence which is governed by the component 

type association, in the following manner: 
25 • if, for a component type, pipette types exist to 

which any given multiple of the numbe~ of cycles z of 
large numbers of components are not already 
allocated, then these pipette types are first of all 
allocated to components on the basis of the pipette 

30 type association, in such a manner that the number of 
allocated components is rounded up where possible to 
the next multiple of the number of cycles z; 



c;==.:· -- ..... .,. 

GR 98 P 2400 

- 19 -

• if any components of this component type remain, then 

these are allocated to the last possible pipette type 

based on the pipette type association . 

. ·~ 
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'the following- program routine shows one 

possible ilnplementation of the inverse greedy method in 
the form of a computer proqra?n. in the proqramminq 

language C. 
A first solution variable Xbp, a second solution 

variable Yp 1 parameters nb, tb, etc., are referred to by 

x[bpJ, y[p).1 n[b], t[bJ etc., in the program routine. 

In this case, tb is defined by 

tb = max {p E ? I {b, p) E E 

for (j • 11 j S tPJ; j~+} 

{ 

tor fi ~ f(p[jJJJ i ~ l[pfjJJ; i++) 
{ 

if ( p(jl = t(b{iJl ) 

( 

xtb{il, ~[j)J = n[b[iJJ; 
~rptj]) +~ X(b[iJ, p[j]J; 

n[b(ilJ -= x[b(i], p[jJJ; 

} 

else 
break; 

t 
while ( (is IBl) && tm[p(jJJ mod z !- 0) ) 

{ 

~ap = z - (m{~[jll mod z}; 

x[b[i), p[j]] - min{n[b[i]], qap}; 
m[p[jJJ +~ X[b{i], p[j)]; 
n[b[iJJ -~ xfb[iJ, p[j]J; 

i - i + 1; 
} 

y [p (j l J = f m [p rJ J J I z. l; 
} 

' .. 
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Fi2!1re 6a illustrates the inverse greedy method 
and the allocation resulting from this, in the form. of 
a graph, for a further simple example. The following 
initial situation is assUl'lled. 

5 A nUillber of components (indicated by a figure) 

10 

15 

which are to be placed on the printed circuit board 203 
is stated for each of the five component types. This 
means that, in this example, the following components 
of the respective component type must be placed in 
position: 

first component type: 20 co~onents; 

second component type: 10 components; 
third component type: 15 components; 
fourth component type: 7 components; 
fifth component type: 20 components~ 

Three different pipette types are available for 
the placement process. The number of nodes used to 

20 denote the pipette types in each case . indicates the 
numl::>er YP .(second solution variable) of pipettes of the. 
respective pipette type determined by the method. 

25 

This thus results in the following distribution 
ot p~pettes to the various pipette types: 

first pipette type: 
second pipette type: 
third pipette type: 

4 pipettes; 
l pip~tte; 

7 pipettes. 

30 In this example, an allocation is deterlnined 
for 6 cycles. 

The components of the first component type can 
be placed in position only by using pipettes of the 
first pipette type, as is illustrated by the link 

35 between the two nodes in the graph. 
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The components of the second component type can 
be placed in position by pipettes of either the first 
or second pipette type. 

Components of the third component type can be 
5 placed in position by pipettes of the first, second or 

third pipette type. 
Components of the rourth component type can be 

placed in position .by pipettes of the second pipette 
type and pipettes of the third pipette typa. 

10 Components of the fifth component type can be 

placed in position only by pipettes of the third 
pipette type. 

The inverse greedy method 102 starts with the 
components of the first component type, for which all 

15 the components are allocated to the pipettes of the 
first pipette type in the six cycles. overall, four 
pipettes of the first pipette type are required in the 
six cycles (6 x 4 - 24) in order to place in position 
all 20 components of the first component type usinq the 

20 pipettes of the first pipette type. The 20 components 
of the first component type are thus allocated to the 
pipettes of the first pipette type. 

The components of the second component type {10 
com~nents} are then allocated to the pipettes. The 

25 pipettes of the first pipette type still have a free 
capacity of four components {24 - 20 • ! components) in 
the six cycles, which can be placed in position by 

pipettes of the first pipette type in the six cycles. 
Four of the 10 components of the second component type 

30 are thus allocated to the pipettes of the first pipette 
type since, if possible, the pipettes are "filled" with 
the components during the allocation process. The 
remaining six components of the second component type 
are allocated to a pipette of the second pipette type, 

35 since a 
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pipette of the second pipette type can place in 
position a total of six components in the six cycles. 

In a further step, the components of the third 
component type {15 components} are allocated to the 

5 pipettes. The pipettes of the first pipette type and 
the second pipette type are already in use, so that the 
15 components of the third component type are allocated 
to pipettes of the third pipette type. Seven pipettes 
of the third pipett~ type are required for this 

10 pul:}:lose. The seven components of the fourth component 
type and the 20 components of the fifth component type 
are likewise allocate~ to· pipettes of the third pipette 
type. O"lterall, 7 x 6 =i 42 components can be placed in 
position usinq the seven pipettes of the third pipette 

15 type. ~his is precisely equal to the number of 
eomponents of the third component type, of the fourth 
component type and of the fifth component type which 
are intended to be placed in position. 

A solution thus exists for the allocation 
20 process in accordance with the inverse g:reedy method 

(step 102} for 6 cycles, and the placement process can. 
continue on ··the basis ot this allocation. The result of 
the method is given by the number of pipettes in the 
resp~~ti~e pipette types which are required, and by the 

25 allocation of the components to the pipette types. 
It should be stressed that the inverse greedy 

method, as is still to be explained in the following 
text, indicates an optimum solution to the pipette 
selection problem in the situation where the 

30 consecutive ones characteristic is satisfied for the 
possible allocations. 

The only situation in which it is no longer 
possible to guarantee that the solution represents an 
optimum solution to the pipette selection problem in 

35 the mathematical sense is that when the consecutive 
ones characteristic is not satisfied. 
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If the consecutive ones characteristic {see 
step 101) is not satisfied, then one of the variants 

(step 103 or step 104}, which are explained in the 

following text, is carried out. 
5 In the course of a first heuristic (step 103), 

and based on a blank q:raph, that is to say a set of 
component types and pipette types but without 
allocations, which from. the trivial point of view 
satisfies the consecutive ones characteristic, the 

10 individual pipette types p E P are considered 
successively and as many edges (p, b} E E as possible 

are added to the graph, without losing the consecutives 
ones characteristic. The inverse greedy method 

described above is now carried out on the resultant 
15 graph, which now contains fewer edges than the original 

graph, but which satisfies the consecutive ones 
characteristic. 

In a further variant of the Inethod, a further 
step (step 104) can also be used to investigate the 

.20 possible allocations for the following characteristic, 

which is :referred to in the following text as the 
aeyclic hyperqraph characteristic: 

a set of trees W {wood W) exists with the 
pipette types P as nodes, so that each sub-graph, which 

25 is induced from a set of pipette types l? (b) which can 

place a component b, in the wood W is cohesive. 
If the acyclic hypergraph characteristic is 

satisfied, then the pipette types are sorted 
topoloqically on the basis of the wood W, that is to 

30 say a linear association is established for the pipette 
types. 

A 

hyperqraph 
method for checking 

characteristic and 
complexity is known from [2] • 

for the 
which? has 

acyclic 
linear 

35 In order to clarify this characteristic, 

Pigu.re Sa and Figu%e Sb firstly show an allocation list 
~ with component types 
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and pipette types (Figure Sa) and a wood with the 
·• 

required characteristics; the numbers define a desired 
linear association (Figure Sb) • 

If the acyclic hypergraph characteristic is 
5 satisfied., then a method which is described in the 

following text as the greedy flow method is carried out 
in a further step (step 105) . The pipette selection 
problem is formulated as a sequence PA.Pc of flow 
problems in accordance with the following rules~ 

10 

15 

20 

Lxbp:; Db 
p:(b,p)eE 

Lxbp s Cp 
p:(b,p) eE 

where 
n1::1 indieates a number of 

component type b e E to be placed, 

Tl b e B 

\/ p e p 

components of 

c;,, p E p denotes a window which can 

predetermined and which is varied in association 
form the sequence of flow problems, 

the 

be 

to 

a first solution variable Xop indicates how many 
components of the component type b E B are placed by a 
pipette of the pipette type p E P. 

The method described in [3] is used to solve 
l 

such a flow problem. 
The computer program which is described in the 

following text and in which a sequence of flow problems 
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ot the above tYPe are solved is used to solve the 

pipette selection problem, with the limits Cp (c(p] in 

the program.) being varied. The linear association of 
the pipette types is given by 

5 Pl S P2 S ... s ti f Pl 
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for ( j • l; j S JPI; j++) 

c(p(j] 1 = f n'des I zl * 7.J 

to~ ( j = 11 j s \Pl; j++) 
for Cc(p[j)J=O; e[p[jl] ~ rnges I zl • %; etp{jJ] -t-.. z} 

if' (is_feasible{PJU'd ) 
( 

y(p{jJl = e(p[jJJ I z; 
break; 

The allocations, that is to say the values for 
Xbp are obtained from the solution of the respective 
last flow problem. 

FUrthermore, ff 

~ Yp > k, 
pe~ 

where 
segments in the placement 
the number of cycles z. 

If the check 

k denotes the number of 

head, no solution exists with 

for the acyclic hyperqraph 
10 characteristic (step 104) gives a negative result, that 

is to say the characteristic is not satisfied, then a 
method is carried out which comprises two possible 

metho4s (step 106 or step 107) which ar~ described in 
the following text. 

15 In a first variant (step 106), a method is 
carried out in the course of a second heuristic in 

which edges have been deleted from the allocation 

graph, so that, in accordance with the method described 
above, a wood W having the acyclic hypergraph 

20 characte.ristic can be fonned. It is advantageous in 

this case to ensure that as few edges as possible are 
deleted. The greedy flow method is then applied to the 
resultant graph. 

It should be stressed that the greedy flow 
25 method can be carried out for any linear association to 

the pipette types P. Only in the general case is there 



---.,--~ 

GR 98 P 2400 

- 26a -

no guarantee that no solution is found using the 
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greedy flow method. Nevertheless, very good rasults are 
also achieved using the greedy flow method. 

As an alternative to the second heuristic {step 
106) / the pipette selection problem can be forit1.Ulated 

5 and solved, _or its unacceptability can be confirmed, as 
an integer linear program.. The linear program PAPz for 
the pipette selection problelll. is formulated in 
accordance with the following rules: 

Lxbp = nb 
p:(b,p)eE 

2: Xbp ~ Yp . z 
p:(b,p}EZ 

10 where· 

"1beB 

nb indicates a number of components of the 
component type b e E to be placed, 
a first solution variable Xop indicates how many 
componants of the component type b E B are placed 

15 by a pipette of the pipette type p E P. 
a second solution variable yp indicates how many 
pipettes of the pipette type p E P are selected, 
k denotes a number of segments of the placelllent 
head, and 

20 x,y ~ 0 is an integer. 
An integer linear program is optilllally deleted 

by the known branch and cut method, as is described in 
[ 4] • 
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If the allocation of the components to the 
pipettes of the various pipette tYPes 1 and thus the 

allocation of the pipettes and pipette tYPes to the 
placement head are determined in accordance with the 
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method described above, then the placement process is 

carried out on the basis of this allocation, using the 
pipettes which have been dete:r::mined. 

The respective method variant is selected as a 

5 function of ·~the· computation time available for carrying 
out the method. 

- ' 

.; 
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Patent Clailns 

1. A method for computer-aided pipette selection 

for a placement head of an automatic placement machine 

5 and fo:r allocation of components to the pipette types 

predeternined'in a pipette selection for a given number 
of. cycles z;<. in which, using 

a stored component type list B with a respectively 
associated number of components of the component 

10 type to be placed, 

a component type association based on the 
component types, 
a stored pipette type list P of available pipette 
types and an allocation list E which indicates 

15 which component types can be placed using what 

pipette types, 
and based on the component type association for the 

pipette types p E P, a pipette type association is 

formed in such a manner that; 
20 pl~ p2 => (l,(P,l)<l{p2ll v ((l.(pl)=l(p2)) /\ !(pl}~(p2))}, 

where 
pl, p2 e P denote different pipette types, 
1(p) 1 p E P, is defined by 

1 {p) = max { b e B l (b, p) e E } , 

25 f (p), p e P, is defined by 

f (p) ... min {b e B I (b, p) E E}, 

in which the components are successively allocated to 
the pipette t:ypes, in a sequence which results from the 
component type association, in the !ollowinq manner: 

30 if, for a component type, pipette types exist to which 
any given multiple of the nUiaber of cycles z of large 
numbers of components are not already allocated, then 

these pipette types are first of all allocated to 
COl'.llPonents on the basis of the pipette type 

35 association, in such a manner that the number o! 
allocated components is .rounded up where possible to 
the next multiple of the number o! cycles z; 
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if any components of this component type remain, then 
these are allocated to the last possible pipette t~e 
based on the pipette type association and, 
in which the number of components allocated to one 

5 pipette type is used to determine the number of 
pipettes of that pipette type to be selected. 
2. A method for computer-aided pipette selection 

for a placement head of an automatic placement machine 
and for allocation of components to the pipette types 

10 predetermined in a pipette selection for a given number 
of cycles z, in which, using 

a stored component type list B with a respectively 

associated number of components of the component 

type to be placed, 
15 a stored pipette type list P of available pipette 

types and an allocation list E which indicates 
which component types can be placed using what 
pipette types, 

a check is carried out to determine whether a 
20 permissible component type association exists, that is 

to say whether: 
{bl, p) E E, (b2, p) E E, bl ~ bS b2 :::::> (b, p) E E, 

where 
-- bl1 b2 1 b components in the component type list B 

25 ara denoted, 
(b, p} e E, b e B, p e P, denotes the situation 

where a component of' component type b can be placed 

using a pipette of pipette type p, 
in which, based on the pennissible component type 

30 association for the pipette types p E P, a pipette type 
association is formed in such a manner that: 
pl S p2 :::::> {l(pl)<l(p2}) V {{l(pl)=l(p2)) A f(pl)~(p2))), 

where 
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pl, p2 e P denote different pipette types, 
l(p), p e P, is defined by 
l (p) ""' max Cb E B 1 (b, p) E El' 
f (p), p e P, is defined by 

5 f (p) "" min {b e B I (b, p) E E}, 
in which the components are success i valy allocated to 

the pipette .. types, in a sequence which results from the 
component type association, in the following manner: 
if, for a component type, pipette types exist to which 

10 any given multiple of the number of cycles z of large 

numbers of components are not already allocated, then 
these pipette types are first of all allocated to 
components on the basis of the pipette type 
association, in such a manner that the number of 

15 allocated components is :.r:oundad up where possible to 
the next multiple of the number of cycles z; 
if any components of this component type remain, then 
these are allocated to the last possible pipette type 

based on the pipette type association and, 
20 in which the nu.ml:>er of components allocated to one 

pipette type is used to determine the nu:ml::>er of 
pipettes of that pipette type to be selected. 
3. The method as claimed in claim 2, 
in w~ich, in the situation where no permissible 

25 component type association exists, the allocation list 

E is reduced in size: based on the component types and 
the pipette types, as many components as possible are 
allocated succassively for each pipette tyPe to the 
respective pipette type so that a component type 

30 association to the component types exists for the 
resultant allocation list E in such a manner that; 
(bl, p) ~ E, {b2, p) e E, bl ~ b ~. h2 => (b, p) e E, 

in which, for the pipette types p E P a pipette 
type association is fanned in such a manner that: 

35 Pl~ P2 => {l(Pl) < 1(P2)} v ((l(Pl) = 1(P2)) A f(Pl}~f(P2))), 
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in which the components are successively allocated 
to the pipette types, in a sequence which results from 
the component type association, in the following 
:manner: 

S if, for a .component type, pipette types exist to which 
any given multiple of the number of cycles z of large 
nul!\bers of components are not already allocated, then 

these pipette types are first of all allocated to 
components on the basis of the pipette type 

10 association, in such a manner that the nUlrlher of 
allocated components is rounded up where possible to 
the next multiple of the number of cycles z; 

if any components of this component type remain, 
then these are allocated to the last possible pipette 

15 type based on the pipette type association and, 
in which the number of components allocated to one 
pipette type is used to determine the nU?nl::ler of 
pipettes of that pipette type to be selected. 
4. The method as claimed in claim 2 

20 in which, in the situation where no permissible 
component type association exists, the solution to be 
determined is found by solving a sequence of flow 
problems. 
5. The method as claimed in claim 2, 

25 in which, in the situation where no permissible 
component type association exi.sts, a check is carried 

out to determine whether a set of trees with the 
pipette types as nodes of the trees can be determined 
for possible allocations of the component types to the 

30 pipette types in accordance with the allocation list E, 
so that each sub-graph, which is induced from a set of 
pipette types P (b} which can place a colllponent b, in 
the set of trees is cohesive, and 

35 

in which, if such a set of trees 

determined, the solution to be determined is 
solving a sequence of flow problems. 
6. The method as claimed in clai~ 2, 

can be 
found by 
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in which, in the situation where no pennissible 
association exists, a check is carried out to determine 
whether a set of trees with the pipette types as nodes 
of the trees can be determined for possible allocations 

5 of the component types to the pipette types in 
accordance with the allocation list, so that each sub­
graph, which is induced by a set of pipette types P(b) 
which can place a component b, in the set of trees is 
cohesive, 

10 in which, if such a set of trees cannot be 
determined, elements are. deleted from the allocation 
list E until such a set of trees can be determined, and 

in which the solution to be determined is found by 

solvinq a sequence of flow problems. 
15 7. The method a.s claimed in one of claims 4 to 6, 

in which the sequence of flow problams is for.med in 
accordance with the following rules: 

Lxbp 
p:(b,p)eE 

-

L xt>p $ ep 
p:(b,p) EE 

where 

eB 

20 nb indicates a number of components of the 
component type b e E to be placed, 

ep, p e P denotes a window which can be 

predetermined and which is varied in association to 
to.rm the sequence of flow problems, 

25 a first solution variable Xtip indicates how many 
components of the component type b E B are placed by a 
pipette of the pipette type p e P. 
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8. The method as claimed in claim 2, 
in which, in the situation where no permissible 

association exists, a check is carriad out to determine 
whether a set of trees with the pipette types as nodes 

5 of the trees can be determined 
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for possible allocations of the component types to the 
pipette types in accordance with the allocation list, 

I 

so that each sub-graph, which :is induced by a set of . 
pipette types P (b} which can place a component b, in 

the set of trees is cohesive, a~d 
in which, if no such ret of trees can be 

determined, the solution to be;determined is found by 
l 

solving a linear program., 1 

' 
9. The method as claimed iri claim. 8, 

in which the linear progra:m i;s formed in accordance 
I 

with the following rules: ' 

L Xbp =·nb 
p:(b,p)eE 

L Xbp s Yp. z: 
p:(b,p}slt 

~y ~ k 
~ p 

pe.P 
where 

\:/beB 

ng indicates a number 0f components of the 

15 component type b e E to be placed., 

a first solution variable ; X1:>p indicates how many 
components of the componen~ type b G B are placed 
by a pipette of the pipettejtypa p e P. 
a second solution va:t'iable! yp indicates how many 

20 pipettes of the pipette type p E P are selected, 
k denotes a number of segtnents of the placement 

' 
head, and 
x,y ~ O is an integer. 
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10. The method as claimed 

in which the linear program 

and cut method. 

··=--·-

. ... 
. ·t 

' - I ,i .. . 
in claim. 9, 

I 
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i~ solved using a branch 
: 
I 

I 

11. The method as claimed in one of claims 1 to 10, 
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which is carried out a number ~f times for a different 
nmnber of cycles in each case. i 

. I 
12. The ttethod as claimed in one of claims 1 to 11, 

l 

in which the pipettes which have been determined are . . 
allocated to the placement head~ and the components are 

.. , ' 
placed on a. printed circuit bofrd using the placement 
head. I 

I 

13. An apparatus for computer-aided pipette 
selection for a placement :t;iead of an automatic 
placement machine a..'rld for allo~ation of components to 
the pipette types predetermined\ in a pipette selection 
for a given number of cycles z, ! 

. l 
having a memory for storin~ a component type list 

I B, a pipette type list B and an ~llocation list E, 
havinq a processor which is coupled to the memory 

I and is set up in such a manner ~hat the following steps 
' can be carried out! 
i, using , 
I the stored component type list E with the 
i 

respectively associated ntjmber of components of 
I the component type to be plrced, 

a component type association for the component 
types, ! 

i 
the stored pipette type ! list P of available 
pipette types and the a~location list E which 

I 

indicates which component ~ypes can be placed by 
what pipette types, I 

I and based on the component t~e association for the 
pipette types p e P, a pipett~ type association is 
for.med in such a manner that: i 

I pl S p2 ~ {l(pl)<l(p2)) V ((l{pl)=r-(p2}) A f(pl)~{p2))), 

where I 
pl, p2 E P denote different!pipette types, 
1 (p), p e P, is defined by i 
1 (p) ... :max {b e B I (b, p) ~ E}, 

\ 
I 

I 
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·" .. 
f {p), p E P, is defined by. 
f (p) = min {b e B l (b, p) je E},, 

in which the components are successively allocated to 
the pipette types, in a sequenc~ which results from the 

component type association, in ~~e followinq manner; 
if, for a compone~t type, pipet~e types exist to which 
any given multiple of the nUI.nb~r of cycles z of large 
numbers of components are not ~lready allocated, then 

I 
these pipette types are first of all 

·• 
allocated to 

pipette type 

the number of 
components on the basis of 

association, in such a manne~ 
I 

the 

that 
allocated components .is rounde9. up where possible to 

. I 

the next multiple of the numberjof cycles z; 
if any components of this component type remain, 

! 
these are allocated to the last possible pipette 

I 

based on the pipette type assoc~ation and, 
. I 

then 
type 

in which the number of com.poP.ents allocated to one 
I 

pipette type is used to determine the number of 
pipettes of that pipette type ttj be selected. 
14. An apparatus for ~omputer-aided pipette 

1 ' I se ection for a placement pead of an automatic 
placement machine and for allo~ation of components to . 
the pipette types predetermine~ in a pipette selection 

I 

for ~ given number of cycles z, ! 
having a memory for stoririq a component type list 

B, a pipette type list a and anlallocation list E, 
having a processor which ~s coupled to the memory 

and is set up in such a manner ~hat the following steps 
can be carried out: l 

! 
using I 

a stored component type list . B with the 
respectively associated n~er of components of 
the component type to be placed, 

I 
a stored pipette type lis~ P of available pipette 
types and an allocation 'list E which indicates 

which component types c~n be placed by what 
pipette types, I 
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a check is carried out to determine whether a 
permissible component type association exists, that is 
to say whether: 

(bl, p) e E, {b2, p) e E, bl ~ b~ b2 ~ {b, p} e E, 

5 where 
-- bl, b2 1 b components in the component type list B 

are denoted, 
-- (b, p) e E, b e B, p E :e, denotes the situation 

where a component of component type b can be placed 
10 using a pipette of pipette type p, 

in which, based on the pennissible component type 

association for the pipette types p e P, a pipette type 
association is formed in such a manner that: 
pl~ p2 ~ {l(pl}<l(p2)) V ((l(pl)Ql(p2)) A f(pl)~f(p2))), 

15 where 

pl, p2 e P denote different pipette types, 

l(p), p e P, is defined by 
1 (p) ""' max {b e B I (b, p) e E}, 

f(p), p e P, is defined by 
20 f{p) -=,min {b e B I (b, p) e E:}, 

in which the components a.re successively allocated to 
the pipette types, in a sequence which results from the 
component type association, in the following manner; 
if, for a component type, pipette types exist to which 

25 any given multiple of the number of cycles z of large 
nu."tlbers of components are not already allocated, then 
these pipette types a~e first of all allocated to 
components on the basis of the pipette type 
association, in such a manner that the number of 

30 allocated components is rounded up where possible to 
the next multiple of the number of cycles z; 
if any components of this component type remain, then 

these are allocated to the last possible pipette type 
based on the pipette type association and, 
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in which the nrnnber of components allocated to one 
pipette type is used to determine the number of 
pipettes of that pipette tYPe to be selected. 
15. The apparatus as claimed in claim 14, 

5 in which the processor is set up in such a manner that 
in the situation where no permissible component 

type association exists, the allocation list E is 
reduced in size: based on the component types and the 
pipette types, as many components as possible are 

10 allocated . successively for each pipette. type to the 

respective pipette type so that a component type 
association to the component types exists for the 
resultant allocation list E in such a manner that: 
(bl, p) E E, (b2, p) e E, bl ~ b S b2 => (b, p) E E, 

15 in which, fo:r the pipette types p e P a pipette 
type association is fo:r::med in such a manner that;· 
Pl S ?2 => (l(Pl) < l(P2)) v ((l(Pl) = l(P2)) A f(Pl)~(P2))), 

the components a.re successively allocated to the 
pipette types, in a sequence which results from the 

20 component type association, in the following manner: 

if, for a component type, pipette· types exist to which 
any given multiple of the number of cycles z of larqe 
numbers of components a.re not already allocated, then 

these. pipette types are first of all allocated to 
25 components on the basis of the ,pipette type 

association, in such a manner that the number of 
allocated components is rounded up where possible to 

the next multiple of the nu.."'llber of cycles z; 
if any components of this co:tnponent type remain, then 

30 these are allocated to the last possible pipette type 
based on the pipette type association and, 

the number of components allocated to one pipette 
type is used to determine the nmnber of pipettes of 
that pipette tYPe to be selected. 
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16. The apparatus as claimed in claim 14, 
in which the processor is set up in such a manner that 
in the situation where no permissible component type 
association exists, the solution to be determined is 

5 found by solving a sequence of flow problems. 
17. The apparatus as claimed in claim 14, 
in which the processor is set up in such a manner that 

in the situation where no permissible component 
type association exists, a check is carried out to 

10 determine whether a set of trees with the pipette types 
as nodes of the trees can be deter.mined for possible 
allocations of the component types to the pipette types 
in· accordance with the allocation list E, so that each 
sub-graph, which is induced from a set of pipette types 

15 P(b) which can place a component b, in the set of trees 
is cohesive, and 

if such a set of trees can be determined, the 
solution to be determined is round by solving a 
sequence of flow problems. 

20 18. The apparatus as claimed in claixn 14, 
in which the processor is set up in such a manner that 

in the situatio.n where no permissible association. 
exists, a check is carried out to deterln.ine whether a 
set oft trees with the pipette types as nodes of the 

25 trees can be deterID.ined for possible allocations of the 
component tYPes to the pipette types in accordance with 
the allocation list, so that each sub-graph, which is 
induced by a set of pipette types P(b) which can place 
a component b, in the set of trees is cohesive, 

30 if such a set of trees cannot be determined, 
elements are deleted from the allocation list E until 
such a set of trees can be determined, and 

the solution to be determined is found by solving 
a sequence of flow problems. 

35 19. The apparatus as claimed in one of claims 16 to 
18, 



C777- = --=~~-.. -. ~-·--=---. 

GR 98 P 2400 11111111111111 llllJ lllfl 111111 
* C L M S * 

- 41 -

in which the processor is set up in such a manner that 
the sequenc~ of flow problems is formed in accordance 
with the followinq rules~ 

Lxbp 
p:(b,p)eE 

--

L "hp .s: ep 
p:(b,p)EE 

eB 

~Pe P 

5 where 

10 

n'b indicates a number of components of the 
component type b e·E to be placed, 

ep, p e p denotes a window which can be 
predetermined and which is varied in association to 
form the sequence of flow problems, 

a first solution variable X1:tp indicates how many· 
components of the component type b e B are placed by a 
pipette of the pipette type p e P. 
20. The apparatus as claimed in claim 14, 

15 in which the processor is set up in such a manner that 
in the situation where no permissible association 

e:xists, a. check is carrie,d out to determine whether a 
set of trees with the pipette types as nodes of the 
trees can be detennined for possible allocations of the 

20 component types to the pipette types in accordance with 
the allocation list, so that each sub-graph, which is 
induced by a set of pipette types P{b) which can place 
a component b, in the set of trees is cohesive, and 

if such a set of trees cannot be determined, the 
25 solution to be determined is found by solving a 
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linear program as the (lacuna] the possible allocations 
are formulated. 
21. The apparatus as claimed in claim 14, 
in which the processor is set up in such a manner that 

5 the linear program is formed in accordance with the 
following rules: 
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Lxbp = ~ 
p:(b,p)eE 

L Xbp ~ Yp . z 
p:(b,p)eE 

where 
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nb indicates a nUIOber of components of the 
5 component type b e E to be placed, 

10 

22. 

a first solution variable . Xbp indicates how many 

components of the componen~ type b e B are placed. 
by a pipette of the pipette type p e P. 

a second solution variable· yp indicates how many 
.pipettes of the pipette type p e P are selected, 

k denotes a number of se~ents of the placement 
head, and 
x,y ~ O is an integer. 

The apparatus as clai~ed in claim 21, 
15 in which the processor is set up in such a manner that 

the linear program is solved usinq a branch and cut 
method. 

23. The apparatus as claimed, in one of claims 13 to 
22, 

20 in which the processor is set up in such a manner that 
the method is carried out for ·a different number of 
cycles in each case. 
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24. An automatic placement machine having an 
• 

apparatus as claimed in one ot claims 13 to 23, 
I 

having a component memory tor th~ component, 
havinq a placement head for pick~ng up pipettes, 

5 havinq at least one pipette for yickinq up components, 
having a placement device for plrcinq the eomponents on 
a printad circuit. · 
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