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Chapter 11

THE THEORY OF CONSTRAINTS
CHAPTER INDEX
CONCEPT 
THROUGHPUT ACCOUNTING
MEASURES OF TOC
SYNCHRONOUS MANUFACTURING
THEORETICAL QUESTIONS  
11.1 CONCEPT 
The Theory of Constraints (TOC) is an overall management philosophy that has its basis in the manufacturing environment. The theory was first described by Dr. Elijah in his novel, The Goal. TOC recognizes that organizations exist to achieve a goal. Using the TOC philosophy the managers can achieve the best results in given set up.
 A factor that limits a company’s ability to achieve more is referred to as a "constraint." The theory recognizes the fact that the constraints prevent organizations from achieving better performance. Constraints are also referred as ‘bottleneck resources’/bottlenecks.
TOC focuses on improving the performance of the constraint. The theory suggests that the road to improvement is never ending and hence, improvement is an on-going process.
For example, let’s say that an organization has market demand of 60,000 units for a product that goes through three processes: pressing, stretching and rolling. The total time required in each process for each product and the total hours available are:
	Process
	Pressing 
	Stretching 
	Rolling

	Hrs per unit 
	2.50
	4
	          3.60

	Total hours available 
	1,25,000
	1,60,000
	1,98,000


The total time required to make 60,000 units of the product can be calculated and compared to the time available in order to identify the bottleneck.
	Process
	Pressing
	Stretching
	Rolling

	Capacity to produce
	125000/2.50                   = 50,000
	160000/4                                = 40,000
	1,98,000/3/60           = 55,000


It is clear that the stretching process is the constraint (also referred as bottleneck resource). The organization will able to produce only 40,000 units in the given set up. (Though the other departments have the capacity to produce more, but the production and sale will be restricted to 40,000 units).
Example A:
Damodar Co Ltd makes a product using three machines: 1, 2 and 3. The capacity of each machine is as follows:

	Machine 
	1
	2
	3

	Capacity per day 
	900
	700
	400



The demand for the product is 1,500 units per day. For every additional unit sold per day, the contribution increases by Rs.13000 p.a. for five years. The Co is considering the following possible alternatives (they are not mutually exclusive):
Alternative 1: Repair machine 1 at a one- time cost of Rs.65L. This will increase capacity by 20%.

Alternative 2: Upgrade machine 2 at a one- time cost of Rs.70,00,000. This will increase capacity by 40%.

Alternative 3: Replace machine 3 at a cost of Rs.80,00,000, thereby increasing capacity by 180%.

Suggest. (Assume cost of capital to be 10%)

Solution:
The bottleneck resource is the capacity of machine 3.

First step: 
Replace machine 3. This will raise the capacity of machine 3 to 1120. Now the production will be restricted to 700 units as machine 2 will become bottleneck resource.

Cost Benefit Analysis of the first step:
	
	Cost 
	Benefit 

	Cost of machine
	80,00,000
	

	PV of contribution 
	
	300x13000x3.791 = 1,47,84,900


The first step may be taken as the present value of its contribution is more than the cost of the machine.
Second step: 
Upgrade machine 2. This will raise the capacity of machine 2 to 980. Now the production will be restricted to 900 units as machine 1 will become bottleneck resource.

Cost Benefit Analysis of the second step:
	
	Cost 
	Benefit 

	Cost of machine
	70,00,000
	

	PV of contribution 
	
	200x13000x3.791 = 98,56,600


The second step may be taken as the present value of its contribution is more than the cost of the machine.
Third step: 
Upgrade machine 1. This will raise the capacity of machine 1 to 1080. Now the production will be restricted to 980 units as machine 2 will become bottleneck resource.

Cost Benefit Analysis of the third step:
	
	Cost 
	Benefit 

	Cost of machine
	65,00,000
	

	PV of contribution 
	
	80x13000x3.791 = 39,42,640


The third step may not be taken as the present value of its contribution is less than the cost of the machine.
Recommendation: Replace machine 3 and upgrade machine 2. Increase the production from 400 to 900 units.
Cost                                                                 1,50,00,000                                                                                                                                                           Benefit 500 x 13000 x 3.791                   2,46,41,500
11.2 THROUGHPUT ACCOUNTING (also referred as Throughput Costing)  
The concept of TA has been developed from theory of constraints. It aims at getting the best out of that bottleneck resource. It is very suitable for such companies where labour costs and overheads are fixed costs. Highly automated assembly-lines and continuous processes meet this criterion. In high tech environment, the direct labour disappears. Generally, a few engineers operate the plant.
In this approach, only material costs are assumed to be variable. All other costs are treated as fixed costs. Contribution under this approach is referred as throughput or throughput contribution. Finished stock is valued at its material cost. (See example B)
Throughput contribution = sales value – direct material cost. (The technique is also referred as super variable costing approach.)
Most business houses produce more than one type of product (or supply more than one type of service). The analysis is used for working out the optimum production plan.  

The process of working out the optimum production plan begins with identification of bottleneck resource. Having done this, there two methods of working out the optimum production plan:
(i) Rank the various products on the basis of throughput per unit of bottleneck resource. Higher throughput per unit of bottleneck resource is preferred. (See Example C)
(ii) Rank the various products on the basis of throughput accounting ratio. (Higher ratio is preferred)

Throughput accounting ratio: T contribution per unit of constraint/conversion cost per unit of   constraint. The ratio is calculated for each product. Higher the ratio, better it is. (See example D)

(Teaching Note: If the maximum demand of the products is given either of the two methods can be applied; otherwise the second method is applied)

Example B: 
 ABC Ltd uses throughput costing, Budgeted and actual production for the year 2011 is 45,000 units. Actual sale is 35000 units @ Rs.100. The cost data for the year is given below:
	
	Rs.

	Direct materials (per unit)
	40

	Conversion cost : 
	

	Direct Labour 
Variable Manufacturing Overheads
Fixed Manufacturing overheads 
	2,00,000

	
	3,50,000

	
	5,00,000

	
	

	Selling and Administrative Overhead:
	

	Variable (per unit)
Fixed
	10

	
	2,00,000



Find the value of inventory. Prepare income statement for the year 2011.

Solution: 
Value of finished inventory: 10000x40 = 4,00,000 
Income Statement for the year ended on 31st Dec. 2011
	Sales     35000x100
	Rs.35,00,000

	Material                   : 45,000 x 40
Less Finished stock  : 10,000 x 40
                                      35000x40
Labour                        
V. Manufacturing O.     
Fixed M.O.                  
Selling Overheads(V)   
Selling Overheads(fixed)
Total 
	

14,00,000
2,00,000
4,50,000
5,00,000
3,50,000
2,00,000
Rs.31,00,000

	Profit 
	Rs.4,00,000


Example C: XYZ Co produces 3 products, X, Y and Z, Details are shown below:
	
	X
Rs.
	Y
Rs.
	Z
Rs.

	Selling price per unit
	1205
	1110
	1320

	Direct material cost per unit
	650
	700
	890

	Maximum demand (Units)
	29,000
	26000
	38,000

	Hours per unit of output
	5
	4
	3


There are 3,00,000 hours available each month. Suggest the product-mix.
Solution: 
	Hours required to meet the maximum demand
       29000x5  +26000x4   +38000x3
	
3,63,000

	Hours available 
	3,00,000

	3,00,000 hours are out bottleneck resource


Calculation of throughput per hour for each of the three products
	
	X
Rs.
	Y
Rs.
	Z
Rs.

	Selling price per unit
	1205
	1110
	1310

	Direct material cost per unit
	650
	700
	890

	 Throughput  per Unit
	555
	410
	420

	Hours per unit of output
	5
	4
	3

	Throughput per hour 
	111
	102.50
	140

	Rank
	II
	III
	I



Statement showing the optimal suggested mix
	
	Production 
	Hours 

	Z
	38000
	1,14,000

	X
	29000
	1,45,000

	Y
	10,250
	41,000                                     (balancing figure)

	Total 
	
	3,00,000


Example D: Company A manufactures product X which has a selling price of Rs.1000 per unit. Material cost per unit for product X is Rs.500 and conversion costs per day are Rs.1600000. The demand for the product is unlimited. The company can operate only for 8 hours a day producing 600 units per hour. Calculate the TAR.                                                                                                                                     
Solution: The bottleneck resource : labour hours.
Throughput per unit = Rs.1000 – Rs.500 = Rs.500. 
Each unit requires 1/600 i.e. 0.001666666 hour
Throughput per hour = Rs.500 per unit/0.001666666 hour per unit = Rs.3,00,000
Conversion cost per hour = Rs.16,00,000/8 hours = Rs.200000. 
TAR = Rs.300000/Rs.200000 = 1.50.
Since TR is more than 1, the product is worthwhile as earning rate is higher than spending rate. If some other product, let’s say Y has TAR of 2, then company A should focus on producing product Y first instead of product X.

Q. No. 11.1: Vinod Ltd produces 4 products using 3 different machines. Machine capacity is limited to 3100 hours per month for each machine. The following information is available for Feb. 2012:
	Products →
	A
	B
	C
	D

	‘Sales minus direct materials’ per unit
	1600
	1100
	1200
	700

	Machine hours required/unit :             
 Machine 1                                                                              Machine 2                                                                               Machine 3
	                          
10                          9                                    11
	
7                   10                     5
	
3              3              0.50
	
1.25   1.50          0.75

	Estimated demand in units 
	200
	300
	400
	500


Allocate the machine hours for maximizing the profit.
Answer: Identification of bottleneck resource
	
	Hours Requirement to meet demand
	Requirement/availability

	
	A
	B
	C
	D
	Total 
	

	Machine 1
	2000
	2100
	1200
	625
	5,925
	5925/3100 = 1.91

	Machine 2
	1800
	3000
	1200
	750
	6,750
	6750/3100 = 2.18

	Machine 3 
	2200
	1500
	 200
	375
	4,275
	4275/3100 = 1.48

	Machine 2 is the bottleneck resource.


Ranking the products
	
	Throughput                       per unit
	Hours of machine-2               per unit
	Throughput per hour of machine-2
	Rank

	A
	1600
	9
	178
	III

	B
	1100
	10
	110
	IV

	C
	1200
	3
	400
	II

	D
	700
	1.50
	467
	I



Statement showing the optimal suggested mix
	
	Production 
	Hours of machine 2 

	D
	500
	750

	C
	400
	1200

	A
	127
	1150  (balancing figure)



Allocation of machine hours
	
	Hours

	
	D
	C
	A
	Total hours used
	Total hours available
	Unutilized hours

	Machine 1
	625
	1200
	1270
	3095
	3100
	5

	Machine 2
	750
	1200
	1143
	3093
	3100
	7

	Machine 3
	375
	600
	1397
	2372
	3100
	728


Q. No. 11.2: A company produces three products A, B and C. The following information is available for a period: 
	
	A
	B
	C

	Contribution (Sales minus direct materials) / unit            Rs.
	30
	25
	15


Machine hours required per unit of production:
	
	Hours
	Throughput accounting ratio

	
	A
	B
	C
	

	Machine 1
	10
	2
	4
	133.33%

	Machine 2
	15
	3
	6
	200%

	Machine 3
	5
	1
	2
	66.67%


Estimated sales demand for A, B and C are 500 units each and machine capacity is limited to 6000 hours each machine. You are required to analyze the above information and apply the theory of constraints process to remove the constraints. How many units of each product will be made? (CA Final Nov. 2008)                                                                                               
Answer                                                                                                                                                                 Identification of bottleneck resource
	
	Hours

	
	A
	B
	C
	Total
	Requirement/availability

	Machine 1
	5000
	1000
	2000
	8000
	8000/6000 = 1.33

	Machine 2
	7500
	1500
	3000
	12,000
	12,000/6000 = 2

	Machine 3 
	2500
	500
	1000
	4000
	4000/6000 = 0.67

	Machine 2  is the bottleneck resource. 


Ranking the products
	
	Throughput                       per unit
	Hours of machine-2               per unit
	Throughput per hour of machine-2
	Rank

	A
	30
	15
	2
	III

	B
	25
	3
	8.33
	I

	C
	15
	6
	2.50
	II



Statement showing the optimal suggested mix
	
	Production
	Hours of machine 2

	B
	500
	1,500

	C
	500
	3000

	A
	100
	1500                                                (Balancing figure)


Allocation of machine hours
	
	Hours

	
	B
	C
	A
	Total hours used
	Total hours available
	Unutilized hours

	Machine 1
	1000
	2000
	1000
	6000
	6000
	Nil

	Machine 2
	1500
	3000
	1500
	6000
	6000
	Nil 

	Machine 3
	500
	1000
	500
	2000
	6000
	4000 


Q. No. 11.3:  H Ltd manufactures three products. The material cost, selling price and bottleneck resource details per unit are as follows:
	
	Product X
	Product Y
	Product Z

	Selling price (Rs.)
	66
	75
	90

	Materials and other VC (Rs.)
	24
	30
	40

	Bottleneck resource time (Minutes)
	15
	15
	20


Budgeted factory costs for the period are Rs.2,21,600. The bottleneck resources time available is 75120 minutes per period.
Required :
(i) Company adopted throughput accounting and products are ranked according to product return per minute. Select the highest rank product.
(ii) Calculate throughput accounting ratio and comment on it.                                                            (CA Final Nov. 2010)
Answer
The bottleneck resource is time i.e. 75120 minutes.
(i) Calculation of return per minute for each of the three products
	
	Product X
	Product Y
	Product Z

	Selling price (Rs.)
	66
	75
	90

	Materials and other VC (Rs.)
	24
	30
	40

	Throughput per unit
	42
	45
	50

	Bottleneck resource time (Minutes)
	15
	15
	20

	Throughput per minute
	2.80
	3
	2.50

	Rank 
	II
	I
	III




Calculation of throughput accounting ratio for each of three products
	
	Product X
	Product Y
	Product Z

	Throughput per minute
	2.80
	3
	2.50

	FC per minute  2,21,600/75120 = 2.95
	2.95
	2.95
	2.95

	Throughput ratio 
	2.80/2.95  = 0.95
	3/2.95                      = 1.02
	2.50/2.95 = 0.85


Production priorities: I : Y       II : X     III : Z
Q. No. 11.4 TP Ltd. produces a product which passes through two processes – cutting and finishing. The following information is provided:
	
	Cutting 
	Finishing 

	Hours available per annum
	50,000
	60,000

	Hours needed per unit of product
	5
	12

	Fixed operating costs per annum excluding direct materials 
	Rs.10L
	Rs.10L


The selling price of the product is Rs.1000 per unit and the only variable cost per unit is direct material, which costs Rs.400 per unit. There is demand of all the units produced.
Evaluate each of the following proposals independent of each other:
(i) An outside agency is willing to do the finishing operation of any number of units between 5000 and 7000 units @ Rs. 400 per unit.
(ii) An outside agency is willing to do the cutting operation of 2000 units @  Rs.200 per unit
(iii) Additional equipment for cutting can be bought for Rs.10L to increase the cutting facility by 50,000 hours, with annual fixed expenses increased by Rs.2L. [CA Final Nov. 2010)
Answer
Identification of bottleneck resource
	
	Cutting 
	Finishing 

	Hours available per annum
	50,000
	60,000

	Hours needed per unit of product
	5
	12

	Capacity 
	10,000 units
	5,000 units


Capacity of finishing department is Bottleneck resource.
(i) Cost benefit Analysis of outside agency’s Proposal
	Cost 
	5000x400  = 20,00,000

	Benefit (Increase in throughput)
	5000 x 600 = 30,00,000


(ii) There is spare capacity in its own cutting department. Hence, outsourcing is not recommended.
(iii) There is spare capacity in cutting department. Hence, the capacity may not be increased.
Q. No. 11.5 : Z Ltd produces a single product X Which passes through three processes, A,B and C. The output per hour of the three processes is 12, 10, and 15 units of X respectively. The company operates an 8-hours day, 6 days a week, 48 weeks a year. The selling price of X is Rs.150 per unit and its material cost is Rs.30 per unit. Conversion costs are planned to be Rs.24,000 per week.
(i) Determine the throughput accounting (TA) ratio per day
(ii) Calculate how much the company could spend on equipment to improve the throughput of process B if it wishes to recover its cost in the following time periods: (i) 2 years (ii) 12 weeks.
(iii) Calculate the Revised TA ratio if this money is spent.    (ICWA Final Dec. 2005)
Answer (i)
	
	Process A
	Process B
	Process C

	Output per day 
	96
	80
	120

	Bottleneck resource is Process B. The company can produce only 80 units per day.



	Throughput per day  120x80
	Rs.9,600

	FC per day         24,000/6  = 4000
	Rs.4000 

	T A ratio          
	9600/4000 = 2.40


(ii) If the bottleneck of process B is improved, the out can to increased by 16 units per day.

· The throughput in 2 years will be Rs.120 per unit x 16 units per day x 6 days a week x 48 weeks a year x 2 years : Rs.11,05,920. If it wishes to recover its cost in 2 years, it could spent maximum Rs.11,05,920 on the equipment.

· The throughput in 12 weeks will be Rs.120 per unit x 16 units per day x 6 days a week x 12 weeks = Rs.1,38,240. If it wishes to recover its cost in 12 weeks, it could spent maximum Rs.1,38,240 on the equipment.
(iii) Revised Throughput Accounting ratio:
	Throughput per day  120x96
	Rs.11520

	FC per day         24,000/6  = 4000
	Rs.4000 

	T A ratio          
	11520/4000 = 2.88



Q. No. 11.6:  A company manufactures two products using its maximum capacity of 30,000 machine hours. The price and cost data relating to the two products are as under:  
	
	Product A
	Product B

	Selling price per unit 
	Rs.400
	Rs.560

	Material Price per unit 
	Rs.160
	Rs.200

	Conversion cost
	Rs.30,00,000
	Rs.18,00,000

	Maximum demand
	75,000 units
	35,000 units

	Output per machine hour
	3.125 units
	2.50 units

	Fixed cost Rs.84L
	
	


Calculate the throughput accounting ratio and rank the products for manufacture. Compute the suggested product mix. Calculate the profit from the product mix that you have suggested. (Adapted ICWA Final June 2008)
Answer: Bottleneck resource : 30000 machine hours 
	
	Product A
	Product B

	Throughput per unit 
	Rs.240
	Rs.360

	Hours per unit 
	0.32
	0.40

	Throughput per hour
	Rs.750
	Rs.900

	FC per hour*
	Rs.440
	Rs.440

	Throughput ratio
	1.70
	2.05

	Rank 
	II
	I


 *Under this method, all costs other than material cost are treated as FC.                                                    FC = 84L + 30L +18L = 132L                                                                                                                                   FC per hour = 132L/30000 = Rs.440
Suggested product mix 
	
	Units 
	Hours 

	Product B
	35,000
	35000 x 0.40 = 14,000

	Product A
	50,000
	16000 ( Balancing figure

	Total 
	
	30,000 hours


Calculation of Profit on Suggested mix:
	
	B
	A
	Total 

	Throughput 
	1,26,00,000
	1,20,00,000
	2,46,00,000

	FC
	
	
	1,32,00,000

	Profit 
	
	
	1,14,00,000


Q. No. 11.7: RB Ltd offers three types of services A, B and C. The company currently rents a premise to run its operations at annual rent of Rs. 260000. The company does have its own premises but it has been never been used as it would cost Rs.18,00,000 to furnish. All the services go through five departments. The company charges Rs.2720, Rs.3530 and Rs.4240 per unit of service A, B and C respectively. The material cost per unit of A, B and C: Rs.750, Rs.875 and Rs.1040. 
There are five departments. Each department operates for 40 hours a week for 48 weeks a year. The departmental costs (exclusive of material costs) are as follows:
	Department 
	Cost per year

	1
	Rs.46,000

	2
	Rs.37,000

	3
	Rs.75,500

	4
	Rs.89,000

	5
	Rs.50,500

	Total 
	Rs.2,98,000


  Maximum annual demand for A, B and C is 650, 750 and 1220 service units.
The time per service unit in the different departments is as follows:
	Departments 
	Service A
	Service B
	Service C

	1
	0.20 hour
	0.25 hour
	0.25 hour

	2
	0.30 hour
	0.30 hour
	0.33 hour

	3
	0.45 hour
	0.30 hour
	0.40 hour

	4
	0.80 hour
	1.00 hour
	1.20 hour

	5
	0.55 hour
	0.65 hour
	0.75 hour


Calculate the optimum product mix using throughput accounting approach. Find the profit per annum as per the optimum product mix.
Can the overall profit be improved by doubling the capacity of the bottleneck department? This will double the cost of the department. The company has to furnish its own premises besides it will continue to the pay the rent of the premises currently in use. (Adapted ACCA June 2011)
Answer:
Identification of bottleneck resource:
	Department 
	Hours required
	Hours available
	Ratio of hours required to  hours available

	
	Service A
	Service B
	Service C
	Total
	
	

	1
	130
	187.50
	305
	622.5
	1,920
	0.32

	2
	195
	225
	402.60
	822.6
	1,920
	0.43

	3
	292.50
	225
	488
	1005.5
	1,920
	0.52

	4
	520
	750
	1440
	2710
	1,920
	1.41

	5
	357.50
	450
	915
	1722.5
	1,920
	0.90

	Capacity of Department-4 is the bottleneck resource.



	
	Service A
	Service B
	Service C

	Throughput per unit 
	1970
	2655
	3200

	Hours of bottleneck resource per unit 
	0.80
	1.00
	1.20

	Throughput per hour
	2462.50
	2655
	2666.67

	FC per hour*
	292.625
	292.625
	292.625

	Throughput ratio
	8.42
	9.07
	9.11


*FC per bottleneck hour = (260,000 + 298000)/1920 = 292.625

Suggested product mix 
	
	Units 
	Hours of Department-4

	Service C
	1220
	1440

	Service B
	480
	480 (Balancing figure

	Total 
	
	1920


Calculation of Profit on Suggested mix:
	
	C
	B
	Total 

	Throughput 
	3200x1220 = 39,04,000
	2655x750 = 19,91,250
	58,95,250

	FC
	
	
	5,58,000

	Profit 
	
	
	53,37,250



DOUBLING THE CAPACITY OF THE BOTTLENECK DEPARTMENT
	Department 
	Hours required
	Hours available 
	Ratio of hours required to  hours available 

	
	Service A
	Service B
	Service C
	Total 
	
	

	1
	130
	187.50
	305
	622.5
	1,920
	0.32

	2
	195
	225
	402.60
	822.6
	1,920
	0.43

	3
	292.50
	225
	488
	1005.5
	1,920
	0.52

	4
	520
	750
	1440
	2710
	3840
	0.71

	5
	357.50
	450
	915
	1722.5
	1,920
	0.90


Cost benefit analysis of the proposal of doubling the capacity
	
	Benefit 
	Cost 

	Additional throughput 
B
A
	
270x2655 = 716,850
650x1970 =12,80,500
	

	Increase in Cost of Department-4
	
	

	Total 
	19,97,350
	89,000

	Net Annual benefit : Rs.19,08,350
One time cost Rs.18,00,000
The capacity may be doubled as the one- time cost will be covered in less than one year.



Q. No 11.8: Shyam Sunderji Ltd produces three products, detail given below;
	Products 
	A
	B
	C

	Maximum demand 
	6000
	6000
	2000

	Selling price per unit
	Rs.50
	Rs.40
	Rs.30

	Material cost per unit
	Rs.21
	Rs.18
	Rs.10.50

	Other variable  cost per unit
	Rs.21
	Rs.18
	Rs.10.50

	Processing time per unit (hours)
	1.50
	2
	2


Fixed cost Rs.1,50,000. The total processing time is 22,000 hours and it can be used for all three products. Following throughput accounting approach, suggest the product mix. (Adapted ICWA Final June 2003)
Answer
	Products 
	A
	B
	C

	Throughput per unit (sale – material cost)
	29
	22
	19.50

	Hours per unit
	1.50
	2
	2

	Throughput per hour
	19.33
	11
	9.75

	Rank 
	I
	II
	III



Statement showing suggested product mix
	Products
	Production
	Hours

	A
	6,000
	9,000

	B
	6000
	12,000

	C
	500
	1,000 (Balancing figure)

	Total 
	12,500
	22,000



11.3 THREE MEASUREMENTS OF TOC
The three measurements in the theory of constraints are:
(I) Throughput contribution : Sales minus Direct materials
(II) Operating costs : all operating costs (other than direct materials) incurred to earn
                   throughput contribution.
(III) Investments in R&D, inventories and other productive assets

11.4   SYNCHRONOUS MANUFACTURING
Synchronous means ‘harmonized’. Synchronous manufacturing refers to the entire production process working together in harmony to achieve the goals of the firm. 

Suppose a company produces Product K, the production is carried through three departments A, B, and C. Market is not the key factor for K. The output of A is transferred to B, that of B to C and the output of C is the final product. 

Consider the following data: A company produces a product through three departments. Output of A is input for B and output of B is input for C. A can produce 140 units per hour, B can produce 70 units per hour and C can produce 280 units per hour.

At what rate the company should produce? The maximum rate at which the production can be carried out is 70 units per hour. Synchronous Manufacturing recommends that all the three departments should produce at the rate of 70 units per hour. This will maintain flow of work. The output of A will move to B and that of B to C without waiting and without being held up as Work in Process. What will happen if all the three departments operate at 100% capacity? Inventory shall pile up at the entry of B while C shall be waiting for items to come from Machinery B. 

The Principles of Synchronous Manufacturing:
1. Do not focus on balancing capacities, focus on synchronizing the flow. As in the above example, we should not try to achieve 100% capacity in different departments; we should produce 70 units per hour so that the flow (from A to B, from B to C and from C to customer) is maintained.
2. The value of time at a bottleneck resource is equal to the throughput rate of the products processed by the bottleneck. Suppose the throughput (Sale minus Direct materials) per unit of Product K, in the above example, is Rs.100. If one hour of department B is lost, the company’s throughput will be down by Rs.7000; consequentially the net profit before down will be down by Rs.7000.
3. The value of time at a non-bottleneck resource tends to zero. Suppose 30 minutes of Department C  remain idle, there won’t be any loss of throughput as the production target can be achieved through increasing the production rate of Department C (from 70 units per hour) for some time. 
4. The level of utilization of a non-bottleneck resource is controlled by other constraints within the system. In the above example, B is the bottleneck resource. Level of utilization of other departments will depend up on the level of utilization of B. For example, if B shall be working at 100% capacity, A shall be working at 50% of its capacity, C shall be working at 25 % of its capacity.
5. Resources must be utilized, not simply activated. In the above example if we produce at higher rate (than 70 units per hour), we shall not be utilized all the output of A, we shall be simply activating them.
6. The transfer batch need no equal the process batch. Suppose Goods are produced in Department A in the batches of 5 units, it is not necessary that the transfer batch should also be that 5 units. 
7. A process batch may be variable both along its route. For example, if the process batch of A is 5 units, it not necessary that that of B should also be 5 units. 


THEORETICAL QUESTIONS
Q. No.11.1T Explain the theory of constraints. (CA Final Nov.2004)
Answer : Please refer to paragraph 11.1
Q. No.11.2T Classify the following items under the three measures used in the TOC:
(i) Research and Development costs (ii) rent/utilities (iii) Raw materials used in production (iv) Depreciation (v) Labour cost (vi) Stock of raw materials (vii) Sales (viii)  cost of Equipments and buildings.

Answer
	Measurements 
	Items 

	Throughput 
	Sales, Raw material used in production

	Operating costs 
	Labour, Depreciation, rent/Utilities 

	Investments 
	R & D, Stock of raw materials, Cost of equipment and buildings




Q. No.11.3T Brief the principles associated with synchronous manufacturing. 
(CA Final May 2010, Nov. 2012)
Answer : Please refer to paragraph 11.4.



