A REVIEW AND ANAL

YSIS OF HORIZONT ALL Y

INTEGRA

TED HYBRID PRODUCTION CONTROL

STRA

TEGIES

John Geraghty* and Cathal Heavey**

* Department of Manufacturing and Operations Engineering, University of Limerick,

Limerick, Ireland. Tel: +353 - 61 - 213192, Fax: +353 - 6 1 - 202913, Email:

john.geraghty@ul.ie

** Department of Manufacturing and Operations Engineering, University of Limerick,

Limerick, Ireland. Tel: +353 - 61 - 202891, Fax: +353 - 61 - 202913, Email:

cathal.heavey@ul.ie

Abstract:

Traditionally western manufacturin g systems have employed production control strategies that push products through the system based on forecasted customer demands. Such strategies aim to maximise the throughput of the system so as to minimise shortage in supply and tend to result in excess inventory in the system that masks flaws in the system. Japanese manufacturing systems, on the other hand employ production control strategies that pull products through the system based on actual customer demands at the end of the line. Such strategies t end to minimise the inventory in the system and unveil flaws in the system at the risk of failure to satisfy demand. A hybrid production system could be characterised as a production system that combines elements of the two philosophies in order to minimis e inventory and unmask flaws in the system while maintaining the ability of the system to satisfy demand. One of the earliest examples of such a hybrid manufacturing strategy is

Synchro MRP as proposed by Hall, 1983. Synchro MRP proposed utilising push for scheduling but not allowing work to begin unless kanbans are available as well. Such strategies are termed vertically integrated hybrid production control strategies as they involve the integration of push and pull control software for planning and shop f loor control. Horizontally integrated hybrid production control strategies

(HIHPCSs)involve the integration of push and pull control on the shop floor such that each stage employs either push or pull control but not elements of both. This paper provides a review of the literature of HIHPCSs. In addition, the results of preliminary experimental work on the analysis of the likely benefits to a production system from employing a HIHPCS are presented.

Keywords: MRP, JIT, Hybrid Production Control Strategies, Markov Decision Process,

Simulation.

1.0 INTRODUCTION

The advantages and disadvantages of push systems such as MRP and pull systems such as kanban controlled Just - In - Time have been well documented in the literature in recent years (Krajewski, King, Ritzman and Wong, 1987; Lee, 1989; Deleersnyder,

Hodgson, King, O’Grady and Savva, 1992; Spearman and Zazanis, 1992) . A great amount of research effort has been focused on how best to combine JIT and MRP philosophies in order to maximise the benefi ts of pull control in non - repetitive manufacturing environments. A hybrid production systemcould be characterised as a production systemthat combines elements of the two philosophies in order to minimise inventory and unmask flaws in the systemwhile mai ntaining the ability of the systemto satisfy demand.

2.0 LITERA

TURE REVIEW OF HYBRID STRA

TEGIES

Several authors have investigated various methods of integrating push and pull control strategies. Kim(1996) classified these attempts into thre e distinct groups:

1. Approaches that embed JIT into MRP,

2. Vertically Integrated Hybrid Production Control Strategies, and

3. Horizontally Integrated Hybrid Production Control Strategies.

Attempts to embed JIT into MRP can be further sub - classified into two group s:

1. Forecast driven kanban systems, and

2. Requirements driven kanban systems.

Groenevelt and Karamarkar (1988) provide a case study implementation of an embedded JIT - MRP system. Vertically and horizontally integrated hybrid push - pull producti on control strategies are production control strategies based on the integration, as opposed to the embedding, of push type and pull type production control strategies. Vertically integrated hybrid push - pull production control strategies imply that the str ategy consists of two levels. At the first level, push - type production control strategy is implemented to generate the production schedule. At the second level pull - type production control strategy is implemented to ensure that production at a stage is sub ject to the availability of kanbans. One early attempt to implement such a hybrid production control systemis the Yamaha PYMAC system, also known as

Synchro MRP (Hall, 1983) . Kanban control is used to authorise the production at individua l stages and the schedule is released by an MRP system. The main disadvantage of this systemis that MRP is linked into every workstation and is therefore very complex to implement. Horizontally integrated hybrid push - pull production control strategies imp ly that the stages of the production line are not all ordered by one production control strategy but each individual stage will operate under a push or pull control strategy. The bulk of the research on horizontal integration has concerned itself with two issues:

1. Determining the best policy for horizontal integration, i.e. push - pull (where succeeding stages push and proceeding stages pull), pull - push or some other combination of stages pushing and pulling.

2. Comparison of hybrid push - pull production control strategies to traditional

MRPII type push production control strategies and JIT pull production control strategies.

2.1 Vertically Integrated Hybrid Production Control Strategies (VIHPCSs)

Grupta and Brennan (1993) developed a model of a real world systemcontrolled by a

VIHPCS . The model utilised expert systems in conjunction with simulation. This method was demonstrated to be an effective method of modeling such complex systems. Deleersnyder et al. (1992) felt that the overal l complexity of Synchro MRP militated against its application by organizations. They believed that if the number of stages controlled by both production strategies was reduced that integrated hybrid strategies would prove an attractive alternative to JIT a nd MRP. Figure 1 below depicts the N - stage hybrid production systemproposed by Deleersnyder et al. (1992 ) .

The manufacturing planner and controller supplies production triggers, A j

(n), to the hybrid workcentres. In a pure Synchro MRP envi ronment the production triggers would be supplied to all workcentres. In the hybrid push/pull scheme proposed by

Deleersnyder et al. (1992 ) only the first stage, MC

1

, is controlled by a hybrid push/pull policy. All succeeding stages are co ntrolled by a pull policy. The hybrid push/pull policy, in calculating the production trigger A i

(n), takes into account the demand (via the end iteminventory) and the work in progress inventories of the succeeding stages. The new hybrid strategy outperfor med pure push, pure pull and

Synchro MRP strategies.

Figure 1 : The N - stage hybrid serial production model proposed by Deleersnyder, Hodgson et al.,

(1992 ) .

2.2 Horizontally Integrated Hybrid Production Control Strateg ies (HIHPCSs)

Takahashi developed and experimented with a mathematical model for HIHPCSs.

The model was developed and presented in three papers published between 1991 and

1996. Takahashi, Hiraki and Soshiroda (1991 ) compared pure push and pure pull

systems with pull - push hybrid systems and found that pull - push hybrid systems would

outperformthe pure systems. Takahashi, Hiraki and Soshiroda (1994 ) compared pure

push and pure pull systems with push - pull hybrid systems. Once again the hybrid

policy outperformed the pure systems. Takahashi and Soshiroda (1996 ) compared the

two hybrid policies with each other. Push - pull integration was demonstrated to yield

better results than pull - push integration. However, the model was over simplistic and

did not account for capacity constraints and machine reliability ( Orth, 1997 ; Kim

1996 ) .

Hirakawa, Hoshino and Katayama (1992); Hirakawa (1996) developed a

mathematical mode l for a hybrid push/pull systemthat allows each production stage

to switch between push and pull control depending on whether demand can be

forecasted reliably or not. The hybrid production rule for stage k with a production

lead - time of L

k

, requires that L

k

+ 1 periods being divided into two parts. One is F

k

periods in which push type control is employed the other part is where the remaining

L

k

˘ F

k

+ 1 periods employ pull type control with a replenishment level of Q(F

k

). F

k is

referred to as the push hor izon and is the period in which demand can be reliably

forecasted. The main conclusions of this work were that:

1. Pull type systems are effective at minimising the variance inventory when the

demand forecast is unreliable and the variance of forecast errors is greater than

the variance of demand.

2. Push type systems become more effective when the variance forecast errors is

less than the variance of demand.

3. Hybrid systems can be more effective than pure push or pure pull systems if

the parameters of the hybrid policy, such as the length of the push horizon, are

optimised.

Olhanger and Östlund (1990) recommended rules to assist in the integration of push

and pull control philosophies in semi - repetitive manufacturing environments. The

focus of th e discussion on push - pull integration was in relation to the customer order

point, bottleneck resources and the product structure. Olhanger and Östlund (1990 )

applied their methodology to a packaging facility. The reported results for this case

study were that delivery lead - times were reduced, and delivery dependability was

increased. In addition, inventory levels were reduced by as much as 75% and the

flexibility of the systemin responding to changes in market demand had increased

signifi cantly. Huang and Kusiak (1998) expanded upon the work of Olhanger and

Östlund (1990 ) using an IDEF 3 model and identified five categories of stages in a

manufacturing environment:

1. Critical stages (CS) are stages along the critical path, which is the path with

total flow time equal to the flow time of the entire product.

2. Value - adding stages (VAS) are stages that increase the value of the

components or products.

3. Bottleneck stages (BS) are stages utilised the most in the syst em.

4. Batch production stages (BPS) are stages that process parts in batches to

decrease job set - up costs.

5. Assembly stages (AS) are stages that performassembly operations once all the

required parts have arrived.

The AS and BPS stages can be readily identif ied in any manufacturing system.

However, the identification of CS, VAS, and BS stages, often, is not an easy task. An

IDEF 3 model of a manufacturing systemwas proposed and a generalised label -

correcting (LC) algorithmwas developed to determine the labe l for each stage. After

the stages are identified a set of rules are applied to determine the control policies to

be employed at the stages. Huang and Kusiak (1998) presented a case study of their

technique applied to a manufacturing syste mproducing oval - gear flow meters. After

the identification of stages and the application of control strategies to individual

stages, a simulation experiment was conducted with eight scenarios. The reported

results were that horizontal integration would re sult in reduced WIP levels and

associated costs, decreased mean waiting time in buffers and reduced product lead

times.

2.2.1 A Markov Decision Process Model For HIHPCSs

Hodgson and Wang (1991a); Hodgson and Wang (1991b) developed a Markov

Deci sion Process (MDP) model for horizontally integrated hybrid production systems.

The model was solved using both dynamic programming and simulation for several

production strategies, includ ing pure push and pure pull production strategies and

strategies bas ed on the integration of push and pull policies . They initially applied

their research to a four - stage iron and steel works, which was a continuous production

process . However, in order to simplify t he model it was assumed that the production

process wa s a discrete time process, and that demand per period and the amount of

inventory we re integer multiples of a unit size . The second paper extended the work

to a systemwith five production stages with the first two stages in parallel and the remaining stages as serial production stages . For both experiments, a policy that

required stages that input components to the systemto push and all other stages to

pull was demonstrated to result in the lowest average gain (average systemcost).

Hodgson and Wang (1991b) concluded that this policy would be the optimal hybrid

integration policy for a K - stage system.

Figure 2 : Parallel/Serial four stage production system modelled by Hodgson and Wang (1991a).

What follows is a genera lisation of the formulas for the production triggers and

objectives, given in Hodgson and Wang (1991a); Hodgson and Wang (1991b) to a K -

stage parallel/serial production system . The notation used is based on the work of

Pand ey and Khokhajaikiat (1996) . Let A

k

(n) be the production trigger for stage k in

period n, D(n) be the forecasted demand and SS be the desired safety stock level of

the final product . For a push controlled systemthe production trigger for a stage,

during period n, can be developed fromthe following equation:

( ) ( ) ( ) ( ) ( )

K k n C n I SS n D c P Max n A

K

k i k i k k

, , 2 , 1 , 1 1 1 , min

�

� �

,QYHQWRU\�RI�UDZ�PDWHULDOV�ZDV�QRW�LQFOXGHG�ZKHQ�FDOFXODWLQJ�WKH�:,3�OHYHO�RI�WKH�&21:,3�V\VWHP�IRU�

UHOHDVH�RI�SDUWV�$�&21:,3�FDS�RI�ZRXOG�UHVXOW�LQ�WRWDO�ZRUN�LQ�SURFHVV�OHYHO�RI�DSSUR[LPDWHO\�

ZKHQ�UDZ�PDWHULDO �LQYHQWRU\�OHYHOV�DUH�LQFOXGHG� �

5.0 REFERENCES :

Deleersnyder, J. L., T. J. Hodgson, R. E. King, P. J. O’Grady and A. Savva (1992).

^Integrating Kanban Type Pull Systems and MRP type Push Systems: Insights froma

Markovian Model.~ IEE Transactions Vol. 24 (Iss. 3): p p. 43 - 56.

Groenevelt, H. and U. S. Karamarkar (1988). ^A Dynamic Kanban SystemCase

Study.~ Production and Inventory Management Journal : pp. 46 - 52.

Grupta, S. M. and L. Brennan (1993). ^A Knowledge Based Systemfor Combined

Just - In - Time and Material Requ irements Planning.~ Computers in Industrial

Engineering Vol. 19 (Iss. 2): pp. 157.

Hall, R. W. (1983). Zero Inventories . Homewood, IL., Dow Jones - Irwin.

Hirakawa, Y. (1996). ^Performance of a Multistage Hybrid Push/Pull Production

Control System.~ Interna tional Journal of Production Research Vol. 44 : pp. 129 - 135.

Hirakawa, Y., K. Hoshino and H. Katayama (1992). ^A Hybrid Push/Pull Production

Control Systemfor Multistage Manufacturing Processes.~ International Journal of

Operations and Production Manageme nt Vol. 12 (Iss. 4): pp. 69 - 81.

Hodgson, T. J. and D. Wang (1991a). ^Optimal Hybrid Push/Pull Control Strategies for a Parallel Multi - Stage System: Part I.~ International Journal of Production

Research Vol. 29 (Iss. 6): pp. 1279 - 1287.

Hodgson, T. J. and D. Wang (1991b). ^Optimal Hybrid Push/Pull Control Strategies for a Parallel Multi - Stage System: Part II.~ International Journal of Production

Research Vol. 29 (Iss. 7): pp. 1453 - 1460.

Huang, C. - C. and A. Kusiak (1998). ^Manufacturing Control With a Push - Pul l

Approach.~ International Journal of Production Research Vol. 36 (Iss. 1): pp. 251 - 275.

Kim, S. - S. (1996). Determining the Optimal Number Point and Inventory Levels in

Hybrid Push/Pull Production Systems Using Simulated Annealing, Arizona State

University .

Krajewski, L. J., B. E. King, L. P. Ritzman and D. S. Wong (1987). ^Kanban, MRP, and Shaping the Manufacturing Environment.~ Management Science Vol. 33 (No. 1):

pp. 39 - 57.

Lee, L. C. (1989). ^A Comparative Study of the Push and Pull Productions Systems. ~

International Journal of Operations and Production Management Vol. 9 (Iss. 4): pp. 5 -

18.

Olhanger, J. and B. Östlund (1990). ^An Integrated Push - Pull Manufacturing

Strategy.~ European Journal of Operations Research Vol. 445 (Iss 2 - 3): pp. 135.

Orth, M. ( 1997). A Comparison of Push/Pull Hybrid Manufacturing Control

Strategies. Department of Mechanical and Industrial Engineering . Urbana -

Champaign, university of Illinois at Urbana - Champaign.

Pandey, P. C. and P. Khokhajaikiat (1996). ^Performance Modelling of Multistage

Production Systems Operating Under Hybrid Push/Pull Control.~ International

Journal of Production Economics Vol. 43 (Iss. 1): pp. 17 - 28.

Spearman, M. L. and M. A. Zazanis (1992). ^Push and Pull Production Systems:

Issues and Comparisions.~ Op erations Research Vol. 40 (No. 3): pp. 521 - 532.

Takahashi, K., S. Hiraki and M. Soshiroda (1991). Integration of Push Type and Pull

Type Production Ordering Systems . In Proceedings of 1st China - Japan International

Symposiumon Industrial Management, Beijin g, China.

Takahashi, K., S. Hiraki and M. Soshiroda (1994). ^Push - Pull Integration in

Production Ordering Systems.~ International Journal of Production Economics Vol.

33 (Iss. 1 - 3): pp. 155.

Takahashi, K. and M. Soshiroda (1996). ^Comparing Integration St rategies in

Production Ordering Systems.~ International Journal of Production Economics Vol.

44 (Iss. 1 - 2): pp. 83 - 89.

Wang, D. and C. - C. Xu (1997). ^Hybrid Push/Pull Production Control Strategy

Simulation and its Applications.~ Production Planning and Con trol Vol. 8 (Iss. 2): pp.

142 - 151.