AP Computer Science Principles • Big Idea 4: Computer Systems and Networks	Exercise 1 • 4.3
EXERCISE 1 • LESSON 4.3
Render Farm Dispatcher

Name: __________________________   Period: ______   Date: __________
25 minutes
Also available online (auto-graded): apcsexamprep.com/pages/ap-csp-topic-4-3-exercise-1
You are the dispatcher for an animation studio's render farm — a rack of identical computers ('nodes') that turn scene files into finished video frames. Five jobs are in tonight's queue. For each job you will compute the sequential completion time (one node doing everything), the parallel completion time (the CED model: sequential tasks + the LONGEST parallel task), and the speedup. Part A works the job list; Part B extends the same skills. Everything maps to CB Learning Objectives CSN-2.A and CSN-2.B.
Job Queue: Five Render Jobs Awaiting Dispatch
The farm manager exported tonight's queue with notes on each job. Your job is to schedule it. Read the queue row by row, then answer Part A. Use the three-step method: find the sequential task (the part no node can share), find the longest parallel task (the straggler that sets the finish line), then do the division — speedup is always sequential time divided by parallel time.
	ID
	Render job
	Sequential task (one node only)
	Parallel tasks (each on its own node)
	Manager's note

	1
	title_card.job
	Load fonts and assets: 10 s
	Frame batch A: 20 s · Frame batch B: 30 s
	Small job — a good warm-up for checking your method

	2
	scene_market.job
	None — the frame batches are fully independent (0 s)
	Batch A: 40 s · Batch B: 60 s · Batch C: 20 s
	Three batches, three nodes — the farm's dream job

	3
	scene_finale.job
	Physics simulation pre-pass: 90 s (cannot be split)
	Batch A: 10 s · Batch B: 10 s · Batch C: 10 s
	The pre-pass must finish before any frame batch can start

	4
	credits.job
	Encoder setup: 20 s
	Single credit roll: 40 s (one continuous shot; cannot be subdivided)
	Adding nodes to this job has never helped. Why?

	5
	trailer_4k.job
	— (see note)
	— (see note)
	900 GB of frames: no single farm machine can store the assets, and one node would need weeks to render them. The studio is pricing 500 rented cloud machines.


Jobs adapted from the Day 1 bell ringer and the 'Do the Math' worked table; terminology and EKs follow the College Board AP Computer Science Principles Course and Exam Description (Effective Fall 2023).
	Predict first
Before you answer Part A, write one sentence: which job (1-4) will show the SMALLEST speedup when moved onto the farm, and which single number in its row tells you?



Part A - Work the Queue
Q1  (4 pts)  Job 1 (title_card.job): compute the sequential time, the parallel time on the farm, and the speedup. Show all three pieces of arithmetic, and state which parallel task sets the finish line and why the other one does not matter.



Q2  (5 pts)  Jobs 2 and 3 have IDENTICAL sequential times. Compute both (show the sums), then compute each job's parallel time and speedup — and explain, citing the CED, why two jobs with the same sequential time end up with such different speedups.



Q3  (4 pts)  Job 4 (credits.job): compute the sequential time, the parallel time, and the speedup — then answer the manager's note: why has adding nodes to this job never helped?



Q4  (5 pts)  The manager wants to triple the nodes assigned to Job 3 and promises the director it will finish 'in about 40 seconds.' Assume the 90-s pre-pass can never be split, but the frame batches could be split into arbitrarily many smaller pieces. Compute the best time ANY number of nodes could approach, the maximum possible speedup, and write the one-sentence correction you would send the manager.



Part B - Reflect (AP Exam Application)
Answer in complete sentences using the CED vocabulary. These are the same items available on the site exercise.
Q1  (3 pts)  The studio's producer asks for proof that the farm beats the old single-node workflow. Per the CED, what is the ONE legitimate way to compare the efficiency of the two solutions — and why will the farm's advantage GROW as the studio's films get longer?



Q2  (3 pts)  Job 5 (trailer_4k.job) is different in kind, not just in size. Explain why renting 500 cloud machines makes this a DISTRIBUTED computing solution, and name the TWO single-computer limits from the CED that this job runs into.



Q3  (2 pts)  ENRICHMENT: Suppose every frame batch in Jobs 1-4 could be split into arbitrarily small pieces across unlimited nodes, but the sequential tasks (and Job 4's one-shot credit roll) can never be split. Compute the minimum possible time for each job, then write the single sentence that describes the pattern you found.
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