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Abstract 

We consider the classic Bin Packing Problem an we generalize it to the 
m-dimensionai case. Then we consider the lower bound on the optimal 
solution value obtained with the continuous relaxation of the problem. We 
show that the asymptotic worst-case performance of this bound is 2-m, thus 
generalizing previous results obtained for m = l and rn = 2. 
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l Introduction 

A well-known problem in Combinatoria! Optimization is the one-dimensional Bin 
Packing Problern (BPP) in which we are given an unlimited number of bins with 
unit-capacity, a sequence J = (a1 , a2 , ... , an) of items, each with a given size 
s(ai) E (0, 1], and we are asked to pack all the items in the minimum number of 
bins (i.e. we are asked to partition the items into a minimum number b of subsets 
B1 , B2 , ... , Bb such that L,aiEBj s(ai) ~ l, for j = l, ... , b). BPP is know to be 
unary NP-hard (see Garey and Johnson 1979) and has been intensively studied. 
The chapter devoted to BPP, in the book by Martello and Toth (1990), is the more 
complete reference for lower bounds and exact algorithms for the problem, whereas 
the status of the art on the approximability of BPP is summarized in the excellent 
survey of Coffman, Garey and Johnson (1996). 

In this paper we study the simple lower bound L 0 obtained by solving the 
relaxed version of BPP in which any item is allowed to be splitted in pieces which 
can be packed into different bins. In any optimal solution to this problem all the 
bins, but the last one, are completely filled with the items. Allowing an item to 
be splitted is equivalent to remove the integrality constraint from a mathematical 
model of BPP, so giving the continuous relaxation of the problem. If we call z* the 
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value of the optimal solution to the continuous relaxation, then Lo= f z*l, where 
r a l denotes the minimum integer greater or equal to a 

Given an instance I of a minimization problem P, Iet L(I) be a lower bound 
value for the optimal solution value OPT(I) of I. The absolute worst-case per­
formance ratio of the procedure producing L(I) is defined as the maximum real 
number p such that 

L(I) 
OPT(I)2:p for each instance I of P 

If the the bound p is achieved only when the nurnber of iterns is sufficiently large 
we speak of asymptotic worst-case performance. 

It is known that the absolute worst-case performance ratio of Lo is ~ (see 
Johnson 1973). 

BPP is a basic packing problem: immediate generalizations are the Two­
Dimensional Bin Packing Problern (2D-BPP) and the Thr-ee-Dirnensional Bin Pack­
ing Problern (3D-BPP). In 2D-BPP we are given rectangular iterns, each with a 
given height and width, that rnust be packed into the rninirnum nurnber of iden­
tica! rectangular bins. In 3D-BPP the iterns are "srnall" boxes to be packed into 
the minimum nurnber of "large" identica! boxes. For 2D-BPP and 3D-BPP two 
clifferent versions can be consiclerecl: in the first one the orientation of every itern 
is fixed, whereas in the second one 90° rotations of the items are allowed. Other 
variants ask to obtain the n iterns by cutting standardized stock pieces. In this 
case we have additional constraints due to technological restrictions, for example 
the so called guigliottine-cut constraint (see e.g. Dowsland and Dowsland, 1992; 
Dyckhoff and Finke, 1992 and Dyckoff, Scheithauer and Terno, 1997, for recent 
surveys). 

Extending the clefinition of BPP to a vectorial space Rm (with m 2: l and 
integer) we obtain the m-dimensionai BPP (mD-BPP). We are interestecl to study 
mD-BPP with possible rotation of the iterns and no additional restrictions. In 
particular we will study the asyrnptotic worst-case performance ratio of the lower 
bound L0 , applied to mD-BPP. The value of this ratio is known from more than 
twenty years, for m = l, whereas for m = 2 it has been studiecl only recently 
by Martello and Vigo (1996). To our knowledge no result exists for the generai 
problem. 

In the next Section 2 we forrnally clescribe mD-BPP, and we briefiy surnmarize 
the results previously obtainecl. In the next Section 3 we give an heuristic algorithm 
which is used to show that the asymptotic worst-case performance of L 0 is 2-rn. 
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2 The Problem and Previous Results 

The multi-dimensionai BPP can be formulated as follows. Given is an unlimited set 
ofunitary hypercubes, and a sequence J = {a1 , a2 , ... , an} ofitems each ofwhich is 
characterized by an m-dimensionai vector ofsizes s(aj) = (s 1(aj), s2(aj), ... , sm(aj)), 
for j =l, ... , n, with si(aj) E (0, 1]. The problem is to pack the items in the mini­
muro number of hypercubes, in such a way that no two items assigned to the same 
hypercube intersect and the total size of the items assigned to the hypercube, is 
smaller or equal to one, for each dimension. We first consider the version of the 
problem in which no rotation of the items is allowed. At the end of our discussion 
we will generalize our results to the case with rotations. 

In the following we call m-hypercube an hypercube in the m-dimensionai space 
(Rm), but we continue to use the word bin to indicate a 1-hypercube, and we use 
the word square to denote a 2-hypercube. 

In order to have a mathematical model of the problem we can associate to an 
unitary hypercube the convex set: E= {x E nm :O::; xi ::; l, fori= l, ... , m}. 
Since the items cannot be rotated the position of an item a1 packed into E is 
completely defined by giving the coordinates of the vertex of a1 closest to the origin, 
i.e. the vertex y = (y1(a1), y2 (a1), ... , Ym(aj)) with minimum euclidean norm. It 
follows that item a1 coincides with the convex set I1 ={x E nm: Yi(a1) ::; xi ::; 
Yi(aj)+si(aj), fori=l, ... ,m}. 

An item a1 is entirely contained in hypercube E if 

Two items a1 and ak assigned to the same hypercube E do not overlap iff: 

Let Vj = TI~~ 1 si(aj) denote the volume of item a']. Using the lower bound from 
continuous relaxation the minimum number of hypercubes necessary to pack the 
n items is 

(l) 

We have already recalled that when m= l the worst-case performance of L 0 is ~-
Recently Martello and Vigo (1996) have determined the asymptotic worst-case 

performance ratio of L 0 , for m = 2. Their proof utilizes a new and not trivial 
heuristic algorithm which consists of two phases. In the first phase the algorithm 
packs all the items into a strip of heigh one (and infinity length), in such a way 
that the total occupied area before a certain length x is no less than x/2. The 
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second phase derives a feasible bin solution dividing the strip in slices of length 
one. For each slice k two squares are createci and the items entirely contained in 
slice k or assigned across the boundary between slices k and k + l are feasibly 
packed in the two new squares. When ali the items above have been packed, at 
most two additional squares are used to pack some items assigned after x. It is 
proved that the total number of squares used is not larger than 4L0 +2, so giving 
the asymptotic worst-case performance ratio i. 

3 The Worst-Case Performance Ratio of L 0 

In this section we give an heuristic algorithm for the solution of mD-BPP, and 
we show that the number of hypercubes used by this aigorithm never exceeds 
2m L 0 +2m-l + 2m-2 - l, so proving that the asymptotic worst-case performance 
ratio of the continuous reiaxation is 2-m. 

\Ve cali m_FF our aigorithm, since it uses the First-Fit aigorithm (FF) devei­
oped for BPP. First-Fit is a greedy aigorithm that considers the items by increasing 
indices and assigns each one to the first bin in which it can be feasibiy packed. 

Aigorithm m_FF is a recursive procedure which receives as input the number 
d of dimensions of the space we want to consider and a set J' of items to be 
packed. It gives as output a packing of the items into a number of d-dimensionai 
hypercubes. To soive an instance of mD-BPP we run m_FF giving it as input 
d = m and J' = J. 

If m_FF is run with d = l i t simpiy applies the First Fit algorithm. If otherwise 
d > l then the algorithm starts by considering the Iast dimension, d, and partitions 
the items into classes, according to their sizes, in this dimension. For each class 
of items the aigorithm call itseif, or aigorithm First Fit, to pack the items of the 
class, aiong the previous d- l dimensions. More preciseiy, given an integer c ?:: O 
and a dimension index d, Iet 

(2) 

denote the c-th class of items, for the d-th dimension. Moreover Iet i( d) = 

max{ c : Jd f O} be the index of the class containing the smallest items, in 
the d-th dimension. Aigorithm m_FF partitions the item set J' into classes 
J~, .!J, ... , .!J(d). The items of each class are projected to the (d- l) -dimensionai 
space and are packed into (d - l)-hypercubes. Then the items packed into each 
(d - l)-hypercube are lifted to Rd and assigned to a singie slice having the first 
d- l sizes equai to one and the d-th size equai to 2-c. When all the classes have 
been considered, then we have a feasibie packing of all the items into siices which 
differ only in the last size ( the first d- l sizes being equai to one). But the possible 



values assumed by the last sizes are the discrete values l, 2-1,2-2 , ... , 2-"Y(d) (see 
(2)), therefore we can pack these slices into a number, say b(d), of d-hypercubes 
such that all hypercubes, but possibly one, are completely filled along the d-th di­
mension (simply order the slices by non-increasing sizes in the d-th dimension and 
apply the First-Fit algorithm). Remembering (2) we can easily see that the total 
volume occupied by the items in the first b(d)-1 d-hypercubes is Hb(d)-l)V(d-1) 
where V(d- l) denotes the minimum volume occupied in any (d- 1)-hypercube. 
It follows that if we ha ve an algorithm which packs the (d- l) -dimensionai items 
in such a way that V(d-1) 2: 2-(d-1), then the total volume occupied by the items 
in Rd is at least (b(d) -1)/2-d. Since m_FF packs the items into b(d) hypercubes, 
then the claimed asymptotic worst-case holds. 

Unfortunately our algorithm for packing the items in a space nd-1 has worst­
case 2-(d- 1) as asymptotic value, and not as absolute value. This means that not 
all the hypercubes are correctly filled, but there are some hypercubes with a total 
item's volume smaller than 2-(d-l). W e call residual these hypercubes whilst we 
call norrnal the hypercubes in which there are packed items with total volume 
not smaller than 2-(d-l). If we lift items packed into normal (d- 1)-hypercubes, 
then \Ve obtain nor·rnal slices, in nct, if insteacl we lift items packed into residual 
(d - l)-hypercubes, then we obtain residual slices. Let us call residual also the 
items packecl in a resiclual hypercube. 

In the following we describe how to manage the residual hypercubes ancl we 
prove that, in the final packing, the number of such hypercubes is independent of 
n, thus it has no influence when n is sufficiently large. 

A possible pseudo-pascal description of algorithm m_FF follows, the only clif­
ference with the previous description being the separation of normal and residual 
slices. The normal slices are packecl as above, whereas the resiclual slices are packed 
as shown in the next two theorems. The packing of resiclual slices produce, in any 
case, residual hypercubes. 
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Algorithm m_FF( d, J, P) 
input: d= dimension of the space; l=set of items; 
output: a feasible packing P; 
begin 

if d= l then 
apply algorithm First Fit giving the packing P'; 
mark as "residua!" a possible bin with less than ~ units assigned; 

else 
S := 0; R := 0; 
for c:= O to ì(d) do 

project each item of l:J to nd-l and run m_FF(d- l, l:J, P') 
lift the items to Rd; 

for each normal (d - l)-hypercu be define the corresponding normal 
slice and put this slice into set S; 

for each residual (d - l)-hypercube define the corresponding residual 
slice and put this slice into set R; 

endfor; 
determine the packing P as follows: 

pack the normal slices of S into d-hypercubes; mark as "residual" 
the possible hypercube with total items volume smaller than 2-d; 
pack the residual slices of R into additional d-hypercubes (see the proof 
of Theorem 3.1 an d 3.2 below) an d mark these hypercubes as "residual"; 

endif 
end. 

Theorem 3.1 The number of residua[ squares in a two-dimensional packing is at 
most two. 

Proof. Using the First Fit algorithm each bin is filled with at least ~ units, with 
the possible exception of the last bin (a residua! bin). VVhen we run m_FF to pack 
items in R 2

, then for each class c there could be at most one residual bin, so at 
most one residual slice can be generateci, when the items of the residual bin are 
lifted to R 2 . In each of these slices the first dimension is used less than ~ units, so 
it is possible to pack all the items of the residual slices into a single unitary square 
as follows (see Figure l). W e pack all the items of the residua! bin associateci 
with class Jg in the first half of the square, cutting the square a t ~, along the first 
dimension. All the other items can be packed in the remaining half square with 
an iterative technique: at each iteration k we cut the remaining of the square in 
two identica! parts, along the second dimension, then we pack in the first part the 
items of J~ assigned to a residual bin. So a single residual square is necessary to 
pack all the items of the residual bins generateci by the First-Fit algorithm. 
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A second possible residual square could be defined when m_FF packs the normal 
slices. D 

... 
J~ 

1/ 2 
Ji 

JD 
2 

J1 2 

Figure l: Packing of the residual items in R 2 

Theorem 3.2 The maximum number of residual hypercubes generated by m_FF when 
it packs items in Rd, with d 2: 2, it is r(d) = 2d-l + 2d-2 - 1. 

Proof. If d = 2 then from Theorem 3.1 we have r(2) = 2 and the thesis holds. 
If instead d > 2 then we know that the first residua! hypercube could be gener­
ated by packing the normal slices. Let r(d- l) denote the maximum number of 
residua! (d- 1)-hypercubes which can be generated by packing the items of any 
class Jd,, projected on nd-l. The items of J~ associated with a single residual 
(d- 1)-hypercube, require a d-hypercube to be packed. Instead, remembering 
(2) one can see that we can pack into a single d-hypercube the items associated 

with a residua! (d- 1)-hypercube for each class JJ, Jb, ... , JJ(d). So we need 
r(d- l) d-hypercubes for the residua! items from class J~ and other r(d- l) 
d- hypercubes for the residual items from the other classes, and the total number 
of residual d-hypercubes is r(d) = l+ 2r(d -l). Using this recursion and the fact 
that r(2) = 2 it is easy to obtain the thesis. D 

From the above Theorem 3.2 it immediately descend that the number of normal 
m-hypercubes generated by m_FF, when it packs items in nm is b(m)- 2m-l -
2m-2 + l. Reminding that in each normal hypercube we have packed items with 
total volume not less than 2-m, we obtain 

Lo(I) 12-m(b(m)- 2m-l -2m-2+ l)l 
--~~ > ~--~~--------------~ 
OPT(I) b(m) 
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The above ratio is arbitrarily close to 2-m for n sufficiently large. We have thus 
proved our main result. 

Theorem 3.3 The asymptotic worst-case performance ratio of the continuous re­
laxation of an m- dimensional bin packing problem is 2-m. 

We can also prove that the above worst-case performance is tight. It is sufficient 
to consider an instance with si(aj) = ~+E, fori= l, ... , m, j = l, ... , n, where 
c is a small positive constant. It is easy to see that m_FF packs the items into n 
normal m-hypercubes, but the total volume is V= n(~ +t::)m, so the performance 
ratio can be arbitrarily close to 2-m. 

Finally note that the above example also shows that the same performance 
ratio holds when the rotation of the items is allowed. 

References 

COFFMAN E. G., M.R. GARY, AND D.S. JOHNSON, "Approximation Algorithms for Bin 
Packing: A Survey", in D. Hochbaum (Ed.), Approximation Algorithms far NP-Hard 
Problems, PWS Publishing Company, Boston, 1996. 

DowSLAND K.A., AND W.B. DowsLAND, "Packing Problems", European J. Oper. Res., 
56 (1992), 2-14. 

DYCKHOFF H, AND U. FINKE, Cutting and Packing in Production and Distribution, 
Physica Verlag, Heidelberg, 1992. 

DYCKHOFF H, G. SCHEITHAUER, AND J. TERNO, "CuttingandPacking (C&P)", in M. 
Dell'Amico, F. Maffioli, S. Martello (Eds.), Annotated Bibliographies in Combinato­
riai Optimization, John Wiley & Sons, Chichester, 1997. 

GAREY M.R. AND D.S. JOHNSON, Computer and Intractability: A Guide to the Theory 
of NP-Completeness, Fì·eeman, San Francisco, 1979. 

J OHNSON D. S., N ear- Opti mal Bi n Packing Algorithms, PhD thesis, Massachussetts In­
stitute of Technology, Department of Mathematics, Cambridge (1973). 

MARTELLO S., AND P. TOTH, K napsack Problems: Algorithms an d Computer Imple­
mentation, John Wiley & Sons, Chichester, 1990. 

MARTELLO S., AND D. VIGO, "Exact Solution of the Two-Dimensional Finite Bin Pack­
ing Problem", Technical report, DEIS, University of Bologna, (1996) (to appear on 
Management Sci.). 

8 



l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

Il. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Maria Cristina Marcuzzo [1985] "Yoan Viole! Robinson (1903-
!983)", pp. 134 

Sergio Lugaresi [1986] "Le imposte nelle teorie del sovrappiù", pp. 
26 

Massimo D' Angelillo e Leonardo Paggi [1986] 
socialdemocrazie europee. Quale riforrnismo?", pp. !58 

"PCI e 

Gian Paolo Caselli e Gabriele Pastrello [!986] "Un suggerimento 
hobsoniano su terziario ed occupazione: il caso degli Stati Uniti 
1960/1983", pp. 52 

Paolo Bosi e Paolo Silvestri [1986] "La distribuzione per aree 
disciplinari dei fondi destinati ai Dipartimenti, Istituti e Centri 
dell'Università di Modena: !llla proposta di riforma", pp. 25 

Marco Lippi [1986] "Aggregations and Dynamic in One-Equation 
Econometrie Models", pp. 64 

Paolo Silvestri [1986] "Le tasse scolastiche e !llliversitarie nella 
Legge Finanziaria 1986", pp. 41 

Mario Forni [1986] "Storie familiari e storie di proprietà. Itinerari 
sociali nell'agricoltura italiana del dopoguerra", pp. 165 

Sergio Paba [1986 ] "Gruppi strategici e concentrazione 
nell'industria europea degli elettrodomestici bianchi", pp. 56 

Nerio Naldi [1986] "L'efficienza marginale del capitale nel breve 
periodo", pp. 54 

Femando Vianello [1986] "Labour Theory of Value", pp. 31 

Piero Ganugi [1986] "Risparmio forzato e politica monetaria negli 
economisti italiani tra le due guerre", pp. 40 

Maria Cristina Marcuzzo e Annalisa Rosselli [1986] "The Theory 
ofthe Gold Standard and Ricardo's Standard Comodity", pp. 30 

Giovanni Solinas [1986] "Mercati del lavoro locali e carriere di 
lavoro giovanili", pp. 66 

Giovanni Bonifati [1986] "Saggio dell'interesse e domanda 
effettiva. Osservazioni sul cap. 17 della Genera! Theory'", pp. 42 

Marina Mura! [1986] "Betwin old and new classica! 
macroeconomics: notes on Lejonhufvud's notion of full information 
equilibriurn", pp. 20 

Sebastiano Brusco e Giovanni Solinas [1986] "Mobilità 
occupazionale e disoccupazione in Emilia Romagna", pp. 48 

Mario Forni [1986] "Aggregazione ed esogeneità", pp. 13 

Sergio Lugaresi [1987] "Redistribuzione del reddito, consumi e 
occupazione", pp. 17 

Fiorenzo Sperotto [1987] "L'immagine neopopu!ista di mercato 
debole nel primo dibattito sovietico sulla pianificazione", pp. 34 

M. Cecilia Guerra [1987] "Benefici tributari nel regime misto per i 
dividendi proposto dalla commissione Sarcinelli: una nota critica", 
pp.9 

Leonardo Paggi [1987] "Contemporary Europe and Modero 
America: Theories of Modernity in Comparative Perspective", pp. 
38 

Femando Vianello [1987] "A Critique of Professar Goodwin's 
'Critique ofSraffa"', pp. 12 

Fernando Vianello [1987] "Effective Demand and the Rate of 
Profits. Some Thoughts on Marx, Kalecki an d Sraffa", pp. 41 

Anna Maria Sala [1987] "Banche e territorio. Approccio ad un tema 
geografico-economico", pp. 40 

Enzo Mingione e Giovanni Mottura 
trasformazione e nuovi profili sociali 
qualche elemento di discussione", pp. 36 

[1987] "Fattori di 
nell'agricoltura italiana: 

Giovanna Procacci [1988] "The State and Social Contro! in Italy 
DuringtheFirstWorldWar", pp.!8 

Massimo Matteuzzi e Annamaria Simonazzi [1988] "Il debito 
pubblico", pp. 62 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

Maria Cristina Marcuzzo (a cura di) [1988] "Richard F. Kahn. A 
discipline ofKeynes", pp. 118 

Paolo Basi [1988] "MICROMOD. Un modello dell'economia 
italiana per la didattica della politica fiscale", pp. 34 

Paolo Basi [1988] "Indicatori della politica fiscale. Una rassegna e 
un confronto con l'aiuto di MICROMOD", pp. 25 

Giovanna Procacci [1988] "Protesta popolare e agitazioni operaie in 
Italia 1915-1918", pp. 45 

Margherita Russo (1988] "Distretto Industriale e servizi. Uno studio 
dei trasporti nella produzione e nella vendita delle piastrelle", pp. 
!57 

Margherita Russo (!988] "The effect of technical change on skill 
requirements: an empirica! analysis", pp. 28 

Carlo Grillenzoni (1988] "Identification, estimations ofmultivariate 
transfer functions", pp. 33 

Nerio Naldi [1988] '"Keynes' concept of capitai", pp. 40 

AndreaGinzburg (1988] "locomotiva Italia?", pp. 30 

Giovanni Mottura [1988] "La 'persistenza' secolare. Appunti su 
agricoltura contadina ed agricoltura familiare nelle società 
industriali", pp. 40 

Giovanni Mottura [1988] "L'anticamera dell'esodo. I contadini 
italiani della 'restaurazione contrattuale' fascista alla rifornJa 
fondiaria", pp. 40 

Leonardo Paggi [1988] "Americanismo e riformismo. La 
socialdemocrazia europea nell'economia mondiale aperta", pp. 120 

Annamaria Simonazzi ( 1988] "Fenomeni di isteresi nella 
spiegazione degli alti tassi di interesse reale", pp. 44 

Antonietta Bassetti [1989] "Analisi dell'andamento e della casualità 
della borsa valori", pp. 12 

Giovanna Procacci [!989] "State coercion and worker solidarity in 
Italy (1915-1918): the mora! and politica! content of social unrest", 
pp. 41 

Carlo Alberto Magni (1989] "Reputazione e credibilità di una 
minaccia in un gioco bargaining", pp. 56 

Giovanni Mottura (1989] "Agricoltura familiare e sistema 
agroalimentare in Italia", pp. 84 

Mario Forni (1989] "Trend, Cycle an d 'Fortuitous cancellation': a 
Note on a Paper by Nelson and Plosser", pp. 4 

Paolo Basi , Roberto Golinelli, Anna Stagni (1989] "Le origini del 
debito pubblico e il costo della stabilizzazione", pp. 26 

Roberto Golinelli [1989] "Note sulla struttura e sull'impiego dei 
modelli macroeconometrici", pp. 21 

Marco Lippi (1989] "A Shorte Note on Cointegration and 
Aggregation", pp. Il 

Gian Paolo Caselli e Gabriele Pastrello [ 1989] "The Linkage 
hetween Tertiary and Industriai Sector in the Italian Economy: 1951-
1988. From an External Dependence to an Intemational One", pp. 
40 

Gabriele Pastrello (1989] "Francois quesnay: dal Tableau Zig-zag 
al Tableau Fornmle: una ricostruzione", pp. 48 

Paolo Silvestri [1989] "Il bilancio dello stato", pp. 34 

Ti m Mason ( 1990] "Tre seminari di storia sociale contemporanea", 
pp. 26 

Michele Lalla (1990] "The Aggregate Escape Rate Analysed 
throught the Queueing Mode!", pp. 23 

Paolo Silvestri (1990] "Sull'autonomia finanziaria dell'università", 
pp. Il 

Paola Bertolini, Enrico Giovannetti [1990] "Uno studio di 'filiera' 
nell'agroindustria. Il caso del Parmigiano Reggiano", pp. 164 



57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

78. 

Paolo Bosi, Roberto Golinelli, Anna Stagni [1990] "Effetti 
macroeconomici, settoriali e distributivi dell'armonizzazione 
dell'IV A", pp. 24 

Michele Lalla [1990] "Modelling Employment Spells from Emilia 
Labour F o ree Data", pp. 18 

Andrea Ginzburg [ 1990] "Politica Nazionale e commercio 
internazionale", pp. 22 

Andrea Giommi [1990] "La probabilità individuale di risposta nel 
trattamento dei dati mancanti", pp. 13 

Gian Paolo Caselli e Gabriele Pastrello [1990] "The service sector 
in planned economies. Past experiences and future prospectives", 
pp. 32 

Giovanni Solinas [1990] "Competenze, grandi industrie e distretti 
industriali,. Il caso Magneti Marelli", pp. 23 

Andrea Ginzburg [ 1990] "Debito pubblico, teorie monetarie e 
tradizione civica nell'Inghilterra del Settecento", pp. 30 

Mario Fomi [1990] "Incertezza, informazione e mercati 
assicurativi: una rassegna", pp. 37 

Mario Fomi [1990] "Misspecification in Dynamic Models", pp. 19 

Gian Paolo Caselli e Gabriele Pastrello [1990] "Service Sector 
Growth in CPE's: An Unsolved Dilemma", pp. 28 

Paola Bertolini [ 1990] "La situazione agro-alimentare nei paesi ad 
economia avanzata", pp. 20 

Paola Bertolini [1990] "Sistema agro-alimentare in Emilia 
Romagna ed occupazione", pp. 65 

Enrico Giovannetti [1990] "Efficienza ed innovazione: il modello 
"fondi e flussi" applicato ad una filiera agro-industriale", pp. 38 

Margherita Russo [1990] "Cambiamento tecnico e distretto 
industriale: una verifica empirica", pp. 115 

Margherita Russo [1990] "Distretti industriali in teoria e in pratica: 
una raccolta di saggi", pp. 119 

Paolo Silvestri [1990] " La Legge Finanziaria. Voce 
dell'enciclopedia Europea Garzanti", pp. 8 

Rita Paltrinieri (1990] "La popolazione italiana: problemi di oggi e 
di domani", pp. 57 

Enrico Giovannetti [1990] "Illusioni ottiche negli andamenti delle 
Grandezze distributive: la scala mobile e !"appiattimento' delle 
retribuzioni in una ricerca", pp. 120 

Enrico Giovannetti [1990] "Crisi e mercato del lavoro in w1 
distretto industriale: il bacino delle ceramiche. Sez !", pp. 150 

Enrico Giovannetti [1990] " Crisi e mercato del lavoro in un 
distretto industriale: il bacino delle ceramiche. Sez. II", pp. 145 

Antonietta Bassetti e Costanza Torricelli 
riqualificazione dell'approccio bargaining 
portafoglio", pp. 4 

[1990] "Una 
alla selezioni di 

77. Antonietta Bassetti e Costanza Torricelli [1990] "Il portafoglio 
ottimo come soluzione di W1 gioco bargaining", pp. 15 

79. Mario Fomi [1990] "Una nota sull'errore di aggregazione", pp. 6 

80. 

81. 

82. 

83. 

84. 

Francesca Bergamini [1991] "Alcune considerazioni sulle 
soluzioni di un gioco bargaining", pp. 21 

Michele Grillo e Michele Polo [1991] "Politica! Exchange and the 
allocation of surplus: a Mode! of Two-party competition", pp. 34 

Gian Paolo Caselli e Gabriele Pastrello [1991] "The 1990 Polish 
Recession: a Case ofTruncated Multiplier Process", pp. 26 

Gian Paolo Caselli e Gabriele Pastrello [ 1991] "Polish firms: 
Pricate Vices Pubblis Virtues", pp. 20 

Sebastiano Brusco e Sergio Paba [1991] "Connessioni, competenze 
e capacità concorrenziale nell'industria della Sardegna", pp. 25 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 

100. 

101. 

102. 

103. 

104. 

105. 

106. 

107. 

!08. 

109. 

Claudio Grimaldi, Rony Hamaui, Nicola Rossi [1991] "Non 
Marketable assets and hauseholds' Portfolio Choice: a Case of Study 
of Italy", pp. 38 

Giulio Righi, Massimo Baldini, Alessandra Brambilla [1991] "Le 
misure degli effetti redistributivi delle imposte indirette: confronto 
tra modelli altemativi", pp. 47 

Roberto Fanfani, Luca Lanini [1991] "Innovazione e servizi nello 
sviluppo della meccanizzazione agricola in Italia", pp. 35 

Antonella Caiumi e Roberto Golinelli [1992] "Stima e applicazioni 
di un sistema di domanda Almost Ideai per l'economia italiana", pp. 
34 

Maria Cristina Marcuzzo [1992] "La relazione salari-occupazione 
tra rigidità reali e rigidità nominali", pp. 30 

Mario Biagioli [1992] "Employee financial participation in 
enterprise results in Italy", pp. 50 

Mario Biagio li [ 1992] "W age structure, relative prices and 
international competitiveness", pp. 50 

Paolo Silvestri e Giovanni Solinas [1993] "Abbandoni, esiti e 
carriera scolastica. Uno studio sugli studenti iscritti alla Facoltà di 
Economia e Commercio dell'Università di Modena nell'am10 
accademico I990/1991 ", pp. 30 

Gian Paolo Caselli e Luca Martinelli [1993] "ltalian GPN growth 
1890-1992: a unit root or segmented trend representatin?", pp. 30 

Angela Poli ti [1993] "La rivoluzione fraintesa. I partigiani emiliani 
tra liberazione e guerra fredda, 1945-1955", pp. 55 

Alberto Rinaldi [1993] "Lo sviluppo dell'industria metalmeccanica 
in provincia di Modena: 1945-1990", pp. 70 

Paolo Emilio Mistrulli [1993] "Debito pubblico, intermediari 
finanziari e tassi d'interesse: il caso italiano", pp. 30 

Barbara Pistoresi [1993] "Modelling disaggregate and aggregate 
Jabour demand equations. Cointegration analysis of a labour 
demand function for the Main Sectors ofthe ltalian Economy: 1950-
1990", pp. 45 

Giovanni Bonifati [1993] "Progresso tecnico e accumulazione di 
conoscenza nella teoria neoclassica della crescita endogena. Una 
analisi critica del modello di Romer", pp. 50 

Marcello D'Amato e Barbara Pistoresi [1994] "The relationship(s) 
among Wages, Prices, Unemployment and Productivity in Italy", pp. 
30 

Mario Fomi [1994] "Consumption Volatility and Income 
Persistence in the Permanent Income Mode!", pp. 30 

Barbara Pistoresi [ 1994] "Using a VECM to characterise the 
relative importance ofpem1anent and transitority components", pp. 
28 

Gian Paolo Caselli and Gabriele Pastrello [1994] "Polish recovery 
fom1 the slump to an old dilemma", pp. 20 

Sergio Paba [1994] "Imprese visibili, accesso al mercato e 
organizzazione della produzione", pp. 20 

Giovanni Bonifati [1994] "Progresso tecnico, investimenti e 
capacità produttiva", pp. 30 

Giuseppe Marotta [1994] "Credit view and !rade credit: evidence 
from Italy", pp. 20 

Margherita Russo [1994] "Uni t of investigation far !oca! economie 
development policies", pp. 25 

Luigi Brighi [ 1995] "Monotonicity an d the demand theory of the 
weak axioms", pp. 20 

Mario Fomi e Lucrezia Reichlin [1995] "Modelling the impact of 
technological change across sectors and over time in manufactoring", 
pp. 25 

Marcello D'Amato and Barbara Pistoresi [1995] "Modelling wage 
growth dynamics in ltaly: 1960-1990", pp. 38 

11 O. Massimo Baldini [1995] "INDIMOD. Un modello di 
microsimulazione per lo studio delle imposte indirette", pp. 37 



Il l. 

112. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 

123. 

124. 

125. 

126. 

127. 

128. 

129. 

130. 

131. 

132. 

133. 

134. 

135. 

Paolo Basi [1995] "Regionalismo fiscale e autonomia tributaria: 
l'emersione di un modello di consenso", pp. 38 

Massimo Baldini (1995] "Aggregation Factors and Aggregation 
Bias in Consumer Demand", pp. 33 

Costanza Torricelli (1995] "The information in the term structure of 
interest rates. Can stocastic models help in resolving the puzzle?" 
pp.25 

Margherita Russo [ 1995] "Industriai compie x, pòle de 
développement, distretto industriale. Alcune questioni sulle unità di 
indagine nell'analisi dello sviluppo." pp. 45 

Angelika Moryson (1995] "50 Jahre Deutschland. 1945- 1995" pp. 
21 

Paolo Basi (1995] "Un punto di vista macroeconomico sulle 
caratteristiche di lungo periodo del nuovo sistema pensionistico 
italiano." pp. 32 

Gian Paolo Caselli e Salvatore Curatolo (1995] "Esistono relazioni 
stimabili fra dimensione ed efficienza delle istituzioni e crescita 
produttiva? Un esercizio nello spirito di D.C. North." pp. Il 

Mario Forni e Marco Lippi (1995] "Pem1anent incarne, 
heterogeneity and the error correction mechanism." pp. 21 

Barbara Pistoresi ( 1995] "Co-movements and convergence in 
intemational output. A Dynamic Principal Components Analysis" 
pp. 14 

Mario Forni e Lucrezia Reichlin (1995] "Dynamic common factors 
in large cross-section" pp. 17 

Giuseppe Marotta (1995] "Il credito commerciale in Italia: una nota 
su alcuni aspetti strutturali e sulle implicazioni di politica monetaria" 
pp. 20 

Giovanni Bonifati (1995] "Progresso tecnico, concorrenza e 
decisioni di investimento: una analisi delle determinanti di lungo 
periodo degli investimenti" pp. 25 

Giovanni Bonifati (1995] "Cambiamento tecnico e crescita 
endogena: una valutazione critica delle ipotesi del modello di 
Romer" pp. 21 

Barbara Pistoresi e Marcello D'Amato (1995] "La riservatezza del 
banchiere centrale è un bene o un male? ,Effetti dell'informazione 
incompleta sul benessere in un modello di politica monetaria." pp. 32 

Barbara Pistoresi (1995] "Radici unitarie e persiste112a: l'analisi 
uni variata delle fluttuazioni economiche." pp. 33 

Barbara Pistoresi e Marcello D'Amato (1995] "Co-movements in 
European rea! outputs" pp. 20 

Antonio Ribba (1996] "Ciclo economico, modello lineare-stocastico, 
forma dello spettro delle variabili macroeconomiche" pp. 31 

Carlo Alberto Magni [ 1996] "Repeatable an d una tantum rea l options 
a dynamic programming approach" pp. 23 

Carlo Alberto Magni [1996] "Opzioni reali d'investimento e 
interazione competitiva: programmazione dinamica stocastica in 
optimal stopping" pp. 26 

Carlo Alberto Magni [1996] "Vaghezza e logica fuzzy nella 
valutazione di un'opzione reale" pp. 20 

Giuseppe Marotta (1996] "Does trade credit redistribution thwart 
monetary policy? Evidence from ltaly" pp. 20 

Mauro Dell'Amico e Marco Trubian (1996] "Almost-optimal 
solution of large weighted equicut problems" pp. 30 

Carlo Alberto Magni (1996] "Un esempio di investimento industriale 
con interazione competitiva e avversione al rischio" pp. 20 

Margherita Russo, Peter Biirkey, Emilio Cube!, François Lévèque, 
Francisco Mas (1996] "Local sustainability and competitiveness: the 
case of the cerami c ti! e industry" pp. 66 

Margherita Russo (1996] "Camionetta tecnico e relazioni tra 
imprese" pp. 190 

136. Davi d A vra Lane, lrene Poli, Michele Lalla, Alberto Roverato 
(1996] "Lezioni di probabilità e inferenza statistica" pp. 288 

137. 

138. 

!39. 

140. 

141. 

142. 

143. 

144. 

145. 

146. 

147. 

148. 

149. 

!50. 

151. 

!52. 

!53. 

154. 

!55. 

!56. 

157. 

!58. 

!59. 

160. 

161. 

162. 

David Avra Lane, lrene Poli, Michele Lalla, Alberto Roverato 
(1996] "Lezioni di probabilità e inferenza statistica- Esercizi svolti­
"pp. 302 

Barbara Pistoresi [1996] "ls an Aggregate Error Correction Mode! 
Representative ofDisaggregate Behaviours? An example" pp. 24 

Luisa Malaguti e Costanza Torricelli [1996] "Monetary policy and 
the term structure of interest rates" , pp. 30 

Mauro Dell'Amico, Martine Labbé, Francesco Maffioli (1996] 
"Exact solution of the SO NET Ring Loading Problem", pp. 20 

Mauro Dell'Amico, R.J.M. Vaessens (1996] "Flow and open shop 
scheduling on two machines with transportation times and machine­
independent processing times in NP-hard, pp. l O 

M. Dell'Amico, F. Maffioli, A. Sciomechen (1996] "A Lagrangean 
Henristic for the Pirze Collecting Travelling Salesman Problem", pp. 
14 

Massimo Baldini (1996] "lnequality Decomposition by Income 
Source in ltaly- 1987- 1993", pp. 20 

Graziella Bertocchi [ 1996] "T rade, Wages, and the Persistence of 
Underdevelopment" pp. 20 

Graziella Bertocchi and Fabio Canova (1996] "Did Colonization 
matter far Growth? An Empirica! Exploration into the Historical 
Causes of Africa's Underdevelopment" pp. 32 

Paola Berta lini (1996] "La modemization de l'agricolture italienne et 
le cas de l'Emilie Romagne" pp. 20 

Enrico Giovannetti 
développement !oca!: 
pp. 18 

(1996] "Organisation industrielle et 
le cas de l'agroindutrie in Emilie Romagne" 

Maria Elena Bontempi e Roberto Golinelli (1996] "Le detem1inanti 
del leverage delle imprese: una applicazione empirica ai settori 
industriali dell'economia italiana" pp. 31 

Paola Bertolini (1996] "L'agricultnre et la politique agricole 
italienne face aux recents scenarios'', pp. 20 

Enrico Giovannetti (1996] "Il grado di utilizzo della capacità 
produttiva come misura dei costi di transizione. Una rilettura di 
'Nature ofthe Fim1' di R. Coase", pp. 65 

Enrico Giovannetti [1996] "Il 1° ciclo del Diploma Universitario 
Economia e Amministrazione delle Imprese", pp. 25 

Paola Bertolini, Enrico Giovannetti, Giulia Santacaterina ( 1996] "Il 
Settore del Verde Pubblico. Analisi della domanda e valutazione 
economica dei benefici", pp. 35 

Giovanni Solinas (1996] "Sistemi produttivi del Centro-Nord e del 
Mezzogiorno. L'industria delle calzature", pp. 55 

Tindara Addabbo (1996] "Married Women's Labour Supply in Italy 
in a Regional Perspective", pp. 85 

Paolo Silvestri, Giuseppe Catalano, Cristina Bevilacqua (1996] "Le 
tasse universitarie e gli interventi per il diritto allo studio: la prima 
fase di applicazione di una nuova normativa" pp. !59 

Sebastiano Brusco, Paolo Bertassi, Margherita Russo (1996] 
"L'industria dei rifiuti urbani in Italia", pp. 25 

Paolo Silvestri, Giuseppe Catalano (1996] "Le risorse del sistema 
universitario italiano: finanziamento e governo" pp. 400 

Carlo Alberto Magni (1996] "Un semplice modello di opzione di 
differimento e di vendita in ambito discreto", pp. IO 

Tito Pietra, Paolo Siconolfi (1996] "Fully Revealing Equilibria in 
Sequential Economies with Asse! Markets" pp. 17 

Tito Pietra, Paolo Siconolfi (1996] "Extrinsic Uncertainty and the 
lnformational Role of Prices" pp. 42 

Paolo Bertella Fametti (1996] "Il negro e il rosso. Un precedente non 
esplorato dell'integrazione afroamericana negli Stati Uniti" pp. 26 

David Lane [1996] "Is what is good far each best forali? Leaming 
from others in the infommtion contagion mode!" pp. 18 



163. Antonio Ribba [1996] "A note on the equivalence of long-run and 
short-run identitying restrictions in cointegrated systems" pp. l O 

164. Antonio Ribba [1996] "Scomposizioni permanenti-transitorie in 
sistemi cointegrati con nna applicazione a dati italiani" pp. 23 

165. Mario Forni, Sergio Paba [1996] "Economie Growtb, Social 
Cohesion and Crime" pp. 20 

166. Mario Forni, Lucrezia Reichlin [1996] "Let's get rea!: a factor 
analytical approch to disaggregated business cycle dyuamics" pp. 25 

167. Marcello D'Amato e Barbara Pistoresi [1996] "So many Italies: 
Statistica! Evidence on Regional Cohesion" pp. 31 

168. Elena Bonfiglioli, Paolo Bosi, Stefano Toso [1996] "L'equità del 
contributo straordinario per l'Europa" pp. 20 

169. Graziella Bertocchi, Michael Spagat [1996] "Il ruolo dei licei e delle 
scuole tecnico-professionali tra progresso tecnologico, conflitto 
sociale e sviluppo economico" pp. 37 

170. Gianna Boero, Costanza Torricelli [1997] "The Expectations 
Hypothesis of the Tem1 Structure of Interest Rates: Evidence for 
Germany'' pp. 15 

171. Mario Forni, Lucrezia Reichlin [1997] "National Policies and Local 
Economies: Europe and the US" pp. 22 

172. Carlo Alberto Magni [1997] "La trappola del Roe e la 
tridimensionalità del V an in tu1 approccio sistemico", pp. 16 

173. Mauro Dell'Amico [1997] "A Linear Time Algorithm for 
Scheduling Outforests with Commnnication Delays on Two or Three 
Processor"pp 18 

174. Paolo Bosi [1997] "Aumentare l'età pensionabile fa diminuire la 
spesa pensionistica? Ancora sulle caratteristiche di lungo periodo 
della riforma Dini" pp 13 

175. Paolo Basi e Massimo Matteuzzi [1997] "Nuovi strumenti per 
l'assistenza sociale" pp 31 

176. Mauro Dell'Amico, Francesco Maffioli e Marco Trubian [1997] 
"New bounds for optium traffic assignment in satellite 
communication" pp 21 

177. Carlo Alberto Magni [1997] "Paradossi, inverosimiglianze e 
contraddizioni del V an: operazioni certe" pp 9 

178. Barbara Pistoresi e Marcello D'Amato [1997] "Persistence of 
relative lli1emp1oyment rates across italian regions" pp 25 

179. Margherita Russo, Franco Cavedani e Riccardo Pianesani [1997] "Le 
spese ambientali dei Comuni in provincia di Modena, 1993-1995" 
pp. 23 

180. Gabriele Pastrello [1997] "Time and Equilibrium, Two Elisive 
Guests in the Keynes-Hawtrey-Robertson Debate in the Thirties" pp. 
25 

181. Luisa Malaguti e Costanza Torricelli [1997] "The Interaction 
Between Monetary Policy and the Expectation Hypothesis of the 
Term Structure of Interest rates in a N-Period Rational Expectation 
Mode!" pp. 27 


