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Abstract. TPC-C is widely used in evaluating transaction processing
systems, due to its versatility and reasonable complexity to test di�erent
aspects of the database system. However, due to its age, it's questionable
whether its workload still represents today's e-commerce applications.
We compare the design of TPC-C with that of three popular online
shopping applications. We observe a few key di�erences, including con-
tention levels, use of complicated queries, imbalanced data and tra�c,
etc. Based on the study, we propose a few changes to TPC-C to better
capture the performance characteristics of modern OLTP applications.
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1 Introduction

Since its introduction in 1992, TPC-C [4] has become the de facto benchmark
for online transaction processing (OLTP) systems, probably due to its versatility
and reasonable complexity to test di�erent aspects of the system. Despite the
introduction of later OLTP benchmarks, such as TPC-E [5], SmallBank [10],
YCSB+T [14], etc., TPC-C remains one of the most popular benchmarks for
OLTP systems. Examples of works using TPC-C for evaluation include both
research prototypes [11, 16�19, 21, 22, 25] and industrial systems [23, 26, 27].

As a result, TPC-C is guiding research in this �eld to some extent, since a
corresponding work has to address the bottlenecks in TPC-C to demonstrate its
bene�ts. Such an important role is also a source of concern, especially considering
the age of TPC-C: If the characteristics of TPC-C deviate from the applications
it represents, it may misguide us to address problems that are not prevalent or
miss real problems.

This paper compares TPC-C with three popular online shopping applications.
On the one hand, we �nd that, at a high level, these applications provide simi-
lar functions as the ones simulated by TPC-C, including creating orders, making
payments, browsing histories, etc. On the other hand, we observe that, compared
to TPC-C, these applications have made a few di�erent design choices, leading
to di�erent performance characteristics. These include using shorter transac-
tions and relying on application-speci�c logic or administrator's e�ort to ad-
dress atomicity and isolation issues, reducing contention levels with optimized
implementations, using complicated OLAP-like queries in certain scenarios, etc.
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Motivated by such observations, we have proposed changes to TPC-C so that
it can better represent modern e-commerce applications.

2 Background of TPC-C

TPC-C simulates the database of a wholesale company, with a con�gurable num-
ber of warehouses. Each warehouse has 100,000 items to sell, and covers 10 dis-
tricts each with 3,000 customers. It consists of nine tables (WAREHOUSE, DIS-
TRICT, CUSTOMER, HISTORY, ORDER, NEW-ORDER, ORDER-LINE,
STOCK, and ITEM) and �ve types of transactions:

TRANSACTION BEGIN
-- fetch customer data
1 SELECT c_discount ,... FROM customer WHERE c_w_id =? AND c_d_id =? AND c_id =?;
-- fetch warehouse data
2 SELECT w_tax FROM warehouse WHERE w_id =?;
-- fetch district d_next_o_id for update
3 SELECT d_next_o_id ,... FROM district WHERE d_w_id =? AND d_id=? FOR UPDATE;
-- increment d_next_o_id by one
4 UPDATE district SET d_next_o_id=d_next_o_id +1 WHERE d_w_id =? AND d_id =?;
-- insert order and new_order record
5 INSERT INTO oorder (o_w_id , o_d_id , o_id ,...) VALUES (?,?,?,...);
6 INSERT INTO new_order (no_w_id , no_d_id , no_o_id) VALUES (?,?,?);
-- execute for each order_line item
for each order_line item:

-- fetch item data
7 SELECT i_price , i_name , i_data FROM item WHERE i_id =?;

-- fetch stock data
8 SELECT s_quantity ,... FROM stock WHERE s_w_id =? AND s_i_id =? FOR UPDATE;

-- insert order_line record
9 INSERT INTO order_line (ol_w_id ,ol_d_id ,ol_o_id ,...) VALUES (?,?,?,...);

-- update stock
10 UPDATE stock SET s_quantity = ?, ... WHERE s_w_id =? AND s_i_id =?;
TRANSACTION COMMIT

Fig. 1: TPC-C new-order Transaction.

New-Order (Figure 1). It simulates the procedure of a customer creating an
order. A new-order transaction randomly selects a district from a warehouse,
selects 5 to 15 items based on an uneven distribution (some items have a higher
probability of being selected), and randomly selects a quantity between one and
ten for each item. It creates an order that includes all the selected items.

To create a unique order ID for each order, TPC-C maintains a per-district
D_NEXT_O_ID value (i.e., the next available order number) in the DISTRICT
table. new-order retrieves this D_NEXT_O_ID value, uses it as the ID of
the new order, and then increments the D_NEXT_O_ID value so that the next
order can have a di�erent ID (lines 3-4). new-order inserts a new order record
in both the NEW-ORDER table and the ORDER table. Then for each selected
item, it retrieves the price from the ITEM table, updates the item count in the
STOCK table, and inserts a record in the ORDER-LINE table.

In terms of performance characteristics, the per-district D_NEXT_O_ID
value is a major contention point, since all new-order transactions of the same
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district need to retrieve and update the same D_NEXT_O_ID value. The sec-
ond contention point is the item count in the STOCK table when multiple new-
order transactions try to order the same item. As discussed above, TPC-C uses
an uneven distribution to select items to order, so the contention chance is not
small despite that there are 100,000 items.

TRANSACTION BEGIN
1 UPDATE warehouse SET w_ytd = w_ytd + ? WHERE w_id =?;
-- fetch warehouse data
2 SELECT w_street_1 ,... FROM warehouse WHERE w_id =?;
-- update district d_ytd with payment amount
3 UPDATE district SET d_ytd = d_ytd + ? WHERE d_w_id =? AND d_id =?;
-- fetch district data
4 SELECT d_street_1 ,... FROM district WHERE d_w_id =? AND d_id =?;
-- for simplicity , we only show fetch customer by id
5 SELECT c_credit ,... FROM customer WHERE c_w_id =? AND c_d_id =? AND c_id =?;
-- for bad credit customer , fetch c_data and update
if c_credit == "BC":
6 SELECT c_data FROM customer WHERE c_w_id =? AND c_d_id =? AND c_id =?;
7 UPDATE customer SET c_balance = ?, c_data = ?,...

WHERE c_w_id =? AND c_d_id =? AND c_id =?;
-- for good credit customer , update customer balance
else:
8 UPDATE customer SET c_balance = ?,...

WHERE c_w_id =? AND c_d_id =? AND c_id =?;
-- insert history record
9 INSERT INTO history (...) VALUES (...);
TRANSACTION COMMIT

Fig. 2: TPC-C payment Transaction.

Payment (Figure 2). It simulates the procedure of a customer making a pay-
ment. It updates the warehouse and district sales statistics (i.e., year-to-date
amount) (line 1 and line 3). It then updates the customer's balance and pay-
ment values in the corresponding tables.

In terms of performance characteristics, the per-warehouse sales statistics is
a severe contention point, as all payment transactions on the same warehouse
need to update the same value.

TRANSACTION BEGIN
-- fetch the customer , the last order , and order_line data respectively
1 SELECT c_first ,... FROM customer WHERE c_w_id =? AND c_d_id =? AND c_id =?;
2 SELECT o_id , o_carrier_id , o_entry_d FROM oorder

WHERE o_w_id =? AND o_d_id =? AND o_c_id =? ORDER BY o_id DESC LIMIT 1;
3 SELECT ol_i_id , ol_supply_w_id ,... FROM order_line

WHERE ol_w_id =? AND ol_d_id =? AND ol_o_id =?;
TRANSACTION COMMIT

Fig. 3: TPC-C order-status Transaction.

Order-Status (Figure 3). It simulates the procedure of a customer browsing
past orders. It selects the customer's order with the largest order ID in the
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ORDER table (line 4). Then it retrieves item information by selecting rows
from the ORDER-LINE table with the same order ID.

TRANSACTION BEGIN
for each district to deliver:

-- fetch oldest undelivered order
1 SELECT no_o_id FROM new_order WHERE no_w_id =? AND no_d_id =?

ORDER BY no_o_id ASC LIMIT 1 FOR UPDATE;
if no_o_id is not null:

-- delete the new_order record
2 DELETE FROM new_order WHERE no_w_id =? AND no_d_id =? AND no_o_id =?;

-- fetch the customer id for this order
3 SELECT o_c_id FROM oorder WHERE o_w_id =? AND o_d_id =? AND o_id =?;

-- update the order carrier id
4 UPDATE oorder SET o_carrier_id =? WHERE o_w_id =? AND o_d_id =? AND o_id =?;

-- update the order_line delivery date
5 UPDATE order_line SET ol_delivery_d = ?

WHERE ol_w_id =? AND ol_d_id =? AND ol_o_id =?;
-- fetch the total amount of this order

6 SELECT SUM(ol_amount) FROM order_line
WHERE ol_w_id =? AND ol_d_id =? AND ol_o_id =?;

-- update the customer balance
7 UPDATE customer SET c_balance = c_balance + ?, c_delivery_cnt =

c_delivery_cnt + 1 WHERE c_w_id =? AND c_d_id =? AND c_id =?;
TRANSACTION COMMIT

Fig. 4: TPC-C delivery Transaction.

Delivery (Figure 4). It simulates the procedure of the administrator making
a delivery for an order. For each district, it selects the oldest order from the
NEW-ORDER table, deletes this row, retrieves detailed information from the
ORDER table, and then updates the ORDER-LINE table. It �nally updates the
balance in the CUSTOMER table.

In terms of performance characteristics, delivery may contend with new-

order, as both may update the NEW-ORDER table. The actual contention rate
may not be high, as new-order adds new orders and delivery retrieves and
deletes the oldest order. Of course, this depends on how the database implements
insert and select.

TRANSACTION BEGIN
-- fetch district next order id
1 SELECT d_next_o_id FROM district WHERE d_w_id =? AND d_id =?;
-- retrieve low -stock items in recent orders
2 SELECT COUNT(DISTINCT(s_i_id)) FROM order_line , stock

WHERE ol_w_id =? AND ol_d_id =? AND ol_o_id <? AND ol_o_id >=?
AND s_w_id =? AND s_i_id=ol_i_id AND s_quantity <?;

TRANSACTION COMMIT

Fig. 5: TPC-C stock-level Transaction.

Stock-Level (Figure 5). It simulates the procedure of the administrator
browsing the recently sold items whose stock level is under a threshold. Given
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a district, it �rst retrieves the D_NEXT_O_ID value from the DISTRICT ta-
ble. It then selects order lines whose order IDs are greater than or equal to
D_NEXT_O_ID - 20 from the ORDER-LINE table. For each item in these
order lines, stock-level checks whether its quantity in the STOCK table is
less than a threshold.

In terms of performance characteristics, stock-level contends with new-

order on D_NEXT_O_ID and maybe also on item quantity.

TPC-C further speci�es the expected distribution of these �ve types of trans-
actions: new-order 45%, payment 43%, order-status 4%, delivery 4%,
and stock-level 4%. As a result, new-order and payment are typically
performance critical though others can get heavier in certain settings.

TPC-C also speci�es a keying time and a think time before each transaction
to simulate the customer's behaviors. However, most research prototypes remove
such time in their evaluation for various reasons [24].

3 Methodology

We select three e-commerce applications to investigate: Spree [2], WooCom-
merce [7], and PrestaShop [1]. These applications are popular open-source e-
commerce platforms with high Github stars (Spree: 15k, WooCommerce: 10k,
PrestaShop: 8.8k as of writing). They are also widely used in the industry and
have a large user base [8, 9], claiming thousands to millions of active stores,
making them suitable candidates for our study. They also represent di�erent
approaches to e-commerce, with Spree built on Ruby on Rails, WooCommerce
as a widely used plugin for WordPress that enables e-commerce functionality,
and PrestaShop built on PHP.

For each application, we create a deployment including the web server run-
ning the corresponding application and a backend database (MySQL in our
experiments). We �rst act as a seller to set up a sample store, then using a
customer account to interact with the store through the webpages. We perform
typical e-commerce operations, such as searching for items, creating orders, mak-
ing payments, and browsing order histories, and then act as the seller again to
con�rm deliveries, browse item stocks, etc.

The development environments for these applications often output logs to
the console, which include application transactions triggered by customer and
seller operations. We can also enable database tracing during the procedure to
record SQL statements issued by each of those actions. We analyze the recorded
SQL traces to understand their intentions. We also cross-check with the appli-
cation source code to understand application-level logic that is not captured by
SQL traces. After analyzing the SQL traces and source code, we summarize the
main functions and their corresponding transactions for each application. As a
result, we collect a set of transactions for above typical operations in e-commerce
applications.
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4 Spree

Spree Commerce is an open-source e-commerce platform built with Ruby on
Rails. It provides a �exible and modular architecture that allows developers to
create custom online stores. Spree supports various features such as product
management, order processing, payment integration, and shipping options.

A Spree deployment can include a number of �stores�, which are similar to,
but not exactly the same as, warehouses in TPC-C. A Spree store maps to a
seller on online shopping websites like Amazon and Alibaba. As a result, di�erent
stores can have a vastly di�erent number of items to sell and highly skewed tra�c.
In TPC-C, each warehouse has the same number of items and incoming tra�c.
The deployment has three roles: customer, seller (i.e., a store owner), and admin
of the whole website. This study covers the customer and the seller, as their
activities are similar to those in TPC-C.

Spree provides similar functions as TPC-C: A customer can create orders,
make payments, browse past orders, etc. A seller can make deliveries, check stock
levels, etc. However, Spree implements those functions in di�erent ways.

4.1 Create Order

A customer in Spree can create orders with a new-order and multiple add-
item transactions. In other words, a new-order transaction in TPC-C maps
to a new-order and multiple add-item transactions in Spree.

TRANSACTION BEGIN
-- validation and load information
SELECT 1 AS one FROM spree_orders

WHERE spree_orders.number = 'R005887550 ' LIMIT 1;
SELECT 1 AS one FROM spree_orders

WHERE spree_orders.number = CAST('R005887550 ' AS BINARY) LIMIT 1;
SELECT spree_users .* FROM spree_users WHERE spree_users.id = 2 LIMIT 1;
-- insert order record
INSERT INTO spree_orders (number , ......) VALUES ('R005887550 ', ......);
TRANSACTION COMMIT

Fig. 6: Spree new-order Transaction.

Spree new-order. This transaction creates a new order record for a customer
when the customer adds her �rst item to her shopping cart. This order begins in
the �cart� state and will hold all the items the customer adds until the customer
either decides to checkout or to cancel the order.

Figure 6 shows the steps involved in creating a new order. Spree �rst gen-
erates a random order number (R005887550 in this example) and checks if an
order with this exact number already exists in the spree_orders table. The sec-
ond query performs a case-sensitive comparison to ensure the number is unique.
If the order number is unique, it proceeds to the third query, which retrieves the
customer information, particularly the customer's user ID, from the spree_users
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table. Spree will regenerate the order number until there is no same number ex-
isting. The �nal statement inserts a record for the new order in the spree_orders
table. Compared to TPC-C new-order, which generates a unique order ID by
incrementing D_NEXT_O_ID, Spree's approach incurs almost no contention.

TRANSACTION BEGIN
-- load information
SELECT * FROM spree_prices WHERE ......;
SELECT * FROM spree_line_items WHERE ......;
......
-- compute item count
SELECT SUM(spree_stock_items.count_on_hand) FROM spree_stock_items

INNER JOIN spree_stock_locations ON spree_stock_locations.deleted_at IS
NULL AND spree_stock_locations.id = spree_stock_items.stock_location_id

WHERE spree_stock_items.deleted_at IS NULL AND spree_stock_items.variant_id
= 142 AND spree_stock_locations.deleted_at IS NULL AND

spree_stock_locations.active = TRUE;
-- create line item
INSERT INTO spree_line_items (......);
-- set initial price
UPDATE spree_line_items SET pre_tax_amount = 71.99 WHERE id = 26;
-- compute adjusted price including tax , shipment , promo , etc.
SELECT SUM(quantity) FROM spree_line_items WHERE order_id = 4;
......
-- update order
UPDATE spree_orders SET ...... WHERE id = 4;
TRANSACTION COMMIT

Fig. 7: Spree add-item Transaction.

Spree add-item. The add-item transaction in Spree adds an item to an
existing order when a customer adds an item to her shopping cart.

Figure 7 shows the steps of add-item. It �rst gathers the necessary infor-
mation and performs a series of checks. Then, it retrieves the item information
and runs a sum query on spree_stock_items table to ensure the product is in
stock and available for purchase before adding it to the cart. Here, Spree uses
the sum query to count items in all stock locations. If the product is available,
it proceeds to create a new line item in the spree_line_items table thus adding
the item to the cart. It then computes the order's total price by including each
item's original price and adjusted cost such as tax, shipment, promo, etc. Finally,
it updates the order information.

Compared to TPC-C new-order, Spree add-item does not update the item
count, which is updated during checkout and discussed later. This means that
di�erent add-item transactions do not contend, but add-item may contend
with checkout.

4.2 Checkout

The checkout process in Spree, which maps to payment in TPC-C, involves
multiple transactions that handle various aspects of completing an order, such
as addressing, delivery, payment, and order �nalization. We will focus on the
payment and order �nalization transactions. These transactions include creating
a payment record, updating the stock levels, and �nalizing the order.
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Separating them into multiple transactions may violate atomicity: A failure
may cause payment to be made but stock level is not updated. Spree (or Ruby
on Rails) has application-level logic to (help the seller) detect such incomplete
checkout and resume the un�nished checkout, by logging necessary information.
In other words, Ruby on Rails is implementing a redo log by itself. Prior studies
have shown that real-world applications often use such �ad-hoc� transactions to
improve performance at the cost of more complicated error handling [12, 20].

TRANSACTION BEGIN
-- load information and validate
SELECT * FROM spree_payments WHERE ......;
SELECT * FROM spree_users WHERE ......;
......
SELECT spree_stores.id FROM spree_stores INNER JOIN

spree_payment_methods_stores ON spree_stores.id =
spree_payment_methods_stores.store_id WHERE spree_stores.deleted_at IS
NULL AND spree_payment_methods_stores.payment_method_id = 3 ORDER BY
spree_stores.created_at ASC;

-- create payment records
INSERT INTO spree_payments (..., state , ...) VALUES (..., 'checkout ', ...);
......
TRANSACTION COMMIT

Fig. 8: Spree payment Transaction.

Spree payment. This transaction creates a payment record for the order when
a customer selects a payment method during checkout. Note that the payment
is actually processed later.

Figure 8 shows the steps of the payment transaction. It begins with a series
of select queries to load and validate data, including the customer's account,
her addresses, and the payment method she chose. Then it inserts a new payment
record in the spree_payments table. The record's initial state is set to 'checkout',
indicating that the payment has been created but not yet processed.

TRANSACTION BEGIN
-- load information and validate
SELECT 1 AS one FROM spree_variants LEFT OUTER JOIN spree_stock_items ON ...

AND spree_stock_items.variant_id = spree_variants.id WHERE ......;
......
-- create movement record
INSERT INTO spree_stock_movements ......;
-- load and update stock item
SELECT * FROM spree_stock_items WHERE ...... FOR UPDATE;
UPDATE spree_stock_items SET count_on_hand = 99, ..... WHERE id = 142;
TRANSACTION COMMIT

Fig. 9: Spree update-stock Transaction.

Spree update-stock. It creates a stock movement record and decreases the
item count for the purchased item.

Figure 9 shows the main steps in update-stock. This transaction includes
several validation steps to ensure that the product variant is available for pur-
chase. It checks if the variant exists, retrieves product information, and veri�es



Examining TPC-C Characteristics on Modern E-Commerce Applications 9

stock availability (omitting due to space). Note that Spree's model of items is
more complicated than that in TPC-C. In Spree, each item can have multiple
�variants�, often due to their di�erences in colors, sizes, etc., and variant informa-
tion is stored in a separate table. As a result, related queries often need to join
the item and the variant tables. Then, update-stock creates an audit record
in the spree_stock_movements table, which logs the quantity change applied to
the stock item. Afterwards, it updates the item count (count_on_hand) in the
spree_stock_items table (from 100 to 99 in this example). The update �rst uses
select for update to retrieve current item count and lock the item count to
prevent concurrent updates.

Compared to TPC-C payment, Spree update-stock does not update sales
statistics like year-to-date amount in TPC-C. As a result, Spree update-stock
transactions do not have heavy contentions like TPC-C payment, unless they
target the same item. If a Spree seller wants to view sales statistics, she will
incur transactions to compute the sum of all orders, which will contend with
update-stock. Considering update-stock is probably more frequent than
viewing statistics, we believe this is a reasonable design choice to reduce con-
tentions.

TRANSACTION BEGIN
-- load information
SELECT 1 AS one FROM spree_orders WHERE ......;
-- update order states
UPDATE spree_orders SET shipment_state = 'pending ', payment_state = '

balance_due ', updated_at = '...' WHERE id = 4;
TRANSACTION COMMIT

Fig. 10: Spree Finalize-Order Transaction.

Spree finalize-order. It �nalizes the order by updating its state related to
shipment and payment.

This �nal simple transaction updates the overall status of the order, moving
it to the next step in the checkout process. Figure 10 shows the statements
involved in �nalizing the order. The update statement sets the shipment state
to 'pending' and the payment state to 'balance_due'. This indicates that the
inventory has been allocated for the order, but the item is not yet shipped. A
payment record exists, but the funds have not been captured yet by the seller.
This transaction moves the order to the ful�llment work�ow.

4.3 Order-Status Transactions

The Order-Status transactions in Spree are responsible for retrieving the current
status of orders. There are two types of transactions: one for retrieving a list of
orders for order history and another for retrieving the details of a speci�c order.
Spree order-history. It retrieve a list of orders (the most recent 25 orders
by default) for a speci�c customer. This transaction is triggered when a customer
wants to view their order history. Because this process is read-only, each single
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-- check if there are completed orders
SELECT 1 AS one FROM spree_orders WHERE user_id = 2 AND completed_at IS NOT

NULL AND store_id = 1 LIMIT 1 OFFSET 0;
-- retrieve the last 25 completed orders
SELECT spree_orders .* FROM spree_orders WHERE user_id = 2 AND completed_at IS

NOT NULL AND store_id = 1 ORDER BY created_at DESC LIMIT 25 OFFSET 0;
-- retrieve the last pending order
SELECT spree_orders .* FROM spree_orders WHERE user_id = 2 AND store_id = 1

AND completed_at IS NULL AND state NOT IN ('canceled ', '
partially_canceled ') ORDER BY created_at DESC LIMIT 1;

Fig. 11: Spree order-history Transaction.

select is executed as a transaction. We list the queries most relevant to the
order status in Figure 11.

These queries fetch a paginated list of a user's completed orders to display
on their account page. The �rst query checks if there are any completed orders
for the user. Then, it selects all completed orders for the current customer and
orders them by creation date. The last query checks if there are any pending
orders for the customer.

-- retrieve order by order number and line items for the order
SELECT * FROM spree_orders WHERE ......;
SELECT * FROM spree_line_items WHERE ......;

Fig. 12: Spree order-details Transaction.

Spree order-details. It retrieves the details of a speci�c order. This trans-
action is triggered when a customer clicks an order to view the details of this
order. It will retrieve all the information to display a complete, detailed view of
a single order.

To build the order details page, Spree needs to reconstruct the entire order
by fetching data from multiple tables. Figure 12 shows the queries involved
in retrieving the order details. This includes the order itself, line item details,
shipment and address information, and payment data.

Compared to TPC-C order-status, Spree's implementation is more compli-
cated, but we do not see a fundamental di�erence in performance characteristics.

4.4 Shipment Transaction

After a seller veri�es the payment information, she can start the delivery process
and use the shipment transaction to mark an order as shipped. It has the similar
role as delivery in TPC-C. Figure 13 shows the details, which include some
validation steps and a update statement to set the shipment status as 'shipped'.
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TRANSACTION BEGIN
-- validation
SELECT 1 AS one FROM spree_shipments WHERE spree_shipments.number = ......;
......
-- update shipment status
UPDATE spree_shipments SET state = 'shipped ', ... WHERE id = 3;
......
TRANSACTION COMMIT

Fig. 13: Spree shipment Transaction.

SELECT spree_stock_items .* FROM spree_stock_items INNER JOIN spree_variants
ON spree_stock_items.variant_id = spree_variants.id INNER JOIN
spree_products ON spree_variants.product_id = spree_products.id INNER
JOIN spree_products_stores ON spree_products.id = spree_products_stores.
product_id INNER JOIN spree_variants variants_spree_stock_items ON
variants_spree_stock_items.id = spree_stock_items.variant_id WHERE ... IN
(SELECT spree_variants.product_id FROM spree_variants WHERE

spree_variants.deleted_at IS NULL GROUP BY spree_variants.product_id
HAVING (COUNT(spree_variants.id) = 1))) ORDER BY spree_stock_items.
created_at DESC , spree_variants.position ASC LIMIT 25 OFFSET 0;

Fig. 14: Spree stock-level Transaction.

4.5 Stock-Level Transaction

A seller can incur the stock-level transactions to view the stock levels of all
product variants.

The �rst group of statements is executed when a seller navigates to the
stock management page to view the stock levels of all products in the store.
Figure 14 shows the main queries involved in this process. The query is a complex
select statement that incorporates multiple joins, a subquery, and keywords
like group by, having, order by, etc. It builds a list of all product variants for
the store. Then, it executes a series of queries to load the associated products,
variants, stock locations, and count on hand for each variant. Since these are
quite straightforward, we do not list details here.

Compared to TPC-C stock-level, Spree stock-level looks more like an
OLAP transaction, which tests the database's capability for complicated queries.
We have observed similar transactions in other seller-side transactions, such as
sales-report and analytics-dashboard.

4.6 Summary of Comparison with TPC-C

As a mature product, Spree is obviously more complicated than TPC-C, repre-
sented by its more complicated table designs, various kinds of validations, etc.
Apart from such implementation-level di�erences, we observe the following ma-
jor di�erences:

� Unlike warehouses in TPC-C, Spree's stores are probably highly imbalanced,
in terms of both item number and tra�c.



12 X. Ren and Y. Wang

� Compared to TPC-C, Spree tends to use multiple shorter transactions to
implement a function, and relies on application-speci�c logic or seller's e�ort
to achieve atomicity.

� The design of Spree has reduced contention level compared to TPC-C. This
includes not relying on D_NEXT_ORDER_ID to generate a unique order
ID, and not maintaining the sales statistics.

� TPC-C updates the item count when a customer adds the item to the order.
Spree updates the item count when the customer checks out the order.

� Spree uses join in multiple transactions due to its table design. Some com-
plicated queries combine multiple joins, subqueries, group by keywords,
etc, which make them more close to OLAP transactions.

5 WooCommerce and PrestaShop

We perform the same study for WooCommerce and PrestaShop. At a high level,
their designs are quite similar to that of Spree, though the detailed implemen-
tations are di�erent. This section summarizes the key comparison with TPC-C:

� (Same as Spree) Both have the concept of �store�. Again, stores are probably
highly load imbalanced.

� (Slightly di�erent from Spree) Both use short transactions. In fact, both only
use single-statement transactions, as shown in the traces we collected.

� (Di�erent from Spree) Both use the �auto increment� feature of the database
to generate a unique order ID. This approach still has less contention than
retrieving and incrementing D_NEXT_O_ID in TPC-C.

� (Slightly di�erent from Spree) Both maintain a per-item sales statistics for
each store. Compared to TPC-C's per-warehouse sales statistics, maintaining
a per-store per-item sales statistics incurs less contention.

� (Same as Spree) Both update item count when the customer checks out her
order.

� (Same as Spree) Both use joins in multiple transactions. Both have compli-
cated OLAP-like transactions to browse histories and/or statistics.

6 Suggestions and Results

Based on our study, we have tried to incorporate the di�erence into TPC-C. We
�nd some are easy to incorporate, but some require a signi�cant change to TPC-
C. Therefore, our suggestion is to incorporate those �easy� changes into TPC-C
and maybe build a new benchmark to incorporate those signi�cant changes in
the long term. In this section, we discuss the easy changes we suggested to TPC-
C, their potential impact on evaluation of transaction processing systems, and
why other changes require a signi�cant e�ort.

Suggested changes to TPC-C. We �nd the following changes can be made
to TPC-C without signi�cant changes:
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� We make warehouses imbalanced. Speci�cally, we use the zipf distribution
to generate the number of items in each warehouse and the tra�c to each
warehouse. Data skew is also recommended by other works [15] and TPC-
E [5].

� We split the new-order transaction in TPC-C into one that creates an
empty order, and multiple add-item transactions, each adding one item to
the order.

� We use the auto-increment feature of MySQL to generate a unique order ID.
� We remove the logic of updating the year-to-date sales statistics in payment.

Potential impact on evaluation. The suggested changes may a�ect the eval-
uation of transactional processing systems in the following ways:

� The imbalanced warehouses will test a database's capability to do load bal-
ancing, which is important for a distributed or multi-core database. Standard
TPC-C does not have this capability.

� Due to using auto-increment to generate IDs and removing maintenance of
sales statistics, modi�ed TPC-C has less contention than standard TPC-
C. Modi�ed TPC-C contends only when customers purchase the same item
from the same store. We can still tune this contention level by tuning the
distribution of items to purchase.

� Shorter transactions and less contention make works that rely on code anal-
ysis more feasible.

� Shorter (and more) transactions may increase overhead when contention level
is low, as the database system needs to pay more overhead for committing
transactions and transferring messages. However, when contention level is
high, shorter transactions can reduce contention duration.

To demonstrate some of such potential impact, we compare the results of
standard TPC-C and our modi�ed TPC-C on MySQL. We ran our experiments
on CloudLab [13], using c220g5 machines. Each machine is equipped with two
Intel Xeon Silver 4114 10-core CPUs (20 virtual cores with hyperthreading), 192
GB of RAM, and one Intel DC S3500 480 GB 6G SATA SSD. The machines are
interconnected by a dual portIntel X520-DA2 10Gb NIC. We run MySQL server
version 8.0.42 and con�gure it with 8 GB bu�er pool size and 4 GB redo log.

Figure 15 shows the e�ects of using shorter transactions and removing con-
tention points. When there is one warehouse, the throughput of modi�ed TPC-
C is signi�cantly higher than that of standard TPC-C. This is because, with
one warehouse, standard TPC-C has severe contention on per-warehouse sales
statistics and per-district D_NEXT_O_ID, and modi�ed TPC-C has removed
such contention points. With more warehouses, the trend is the opposite: As the
contention level gets lower with more warehouses, standard TPC-C gets higher
throughput. Modi�ed TPC-C su�ers more from the overhead of processing more
shorter transactions, and thus has lower throughput than standard TPC-C.

E�ect of contention level. We tune the skewness of item hotness to change
the contention level of modi�ed TPC-C, since multiple new-order transactions
contend if they target the same item. Note that in standard TPC-C, the item
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Fig. 15: Throughput of standard and modi�ed TPC-C. For modi�ed TPC-C, we
count one new-order and its corresponding add-item as one transaction for
a fair comparison with standard TPC-C.
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(b) 3-way replication
with increased network latency

Fig. 16: Throughput of modi�ed TPC-C for varying item skewness (uniform
and skewed) under di�erent settings.

access is non-uniform by default, but the contention level is di�erent from that of
our tuned item skewness. Figure 16(a) shows that, with a single MySQL server
and one warehouse, tuning the skewness of item hotness can decrease throughput
by up to 75%, but with 10 or more warehouses, such tuning does not have
a signi�cant impact on throughput. However, when running the 10-warehouse
setting with three-way replication and with increased network latency, as shown
in Figure 16(b), increasing such skewness can reduce overall throughput by 56%,
since replication increases the duration of contention. This means, compared with
standard TPC-C, modi�ed TPC-C allows us to tune contention level under the
same number of warehouses, enabling more �exible experiment settings.

E�ect of tra�c skewness. As discussed, in practice, the stores may be highly
imbalanced. We simulate such an imbalance by introducing a skewness into store
tra�c. We run our experiments on a 4-node cluster where tables are partitioned
by the warehouse ID. Our experiments show that, compared to the uniform
distribution, a skewed distribution can reduce overall throughput by 11%. Of
course, the throughput of a distributed setting may be a�ected by the number
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of nodes, the policy to partition tables, and load balancing strategies, which can
be the targets of further optimization.

As shown in these results, modi�ed TPC-C indeed shows quite di�erent per-
formance characteristics compared to standard TPC-C, which shows the impor-
tance of such a study.

Changes that require signi�cant e�ort. We do not add more joins or com-
plicated OLAP-like queries, since they require a signi�cant re-design of TPC-C's
table structure. We tried to move the logic of updating stock level from new-

order to payment, but that is harder than we thought. The reason is that in
standard TPC-C, payment does not connect to any speci�c order and instead
only generates some random payment. If we wanted to let payment update the
stock level, we needed to let it connect to a speci�c order, retrieve the item and
purchase count from the order, and then update the item count. Such changes
require a signi�cant re-design of payment. As a result, we do not incorporate
these changes in modi�ed TPC-C but recommend building a new benchmark to
incorporate them.

7 Related work

In addition to TPC-C, the database community has developed several other
benchmarks for evaluating OLTP systems. For example, the SmallBank bench-
mark models a banking application in which transactions operate customers'
accounts [10]. The Voter Benchmark simulates a voting system in which users
vote on their favorite contestant, updating the total number of votes [6]. The
TATP benchmark simulates a mobile carrier database, which provides high-speed
transactions to retrieve and update information for callers [3]. The YCSB+T
benchmark extends YCSB, a key-value benchmark, to encapsulate multiple key-
value operations in a transaction [14]. TPC has also introduced another OLTP
benchmark TPC-E [5] in 2007.

However, we observe that despite its age, TPC-C remains one of the most
popular OLTP benchmarks in both academia and industry, possibly due to its
reasonable complexity (benchmarks like SmallBank and Voter only use simple
SQL statements while TPC-E may be too complex) and the fact that online
shopping demands high throughput under potential high contentions, which cre-
ates challenging problems.

A number of works have analyzed TPC-C and/or proposed changes to TPC-
C [24, 28]. To the best of our knowledge, this is the �rst work to compare TPC-C
with real-world online shopping applications.

8 Conclusion

This work compares TPC-C with three online shopping applications to under-
stand the representativeness of TPC-C. We have identi�ed a few key di�erences
in the design choices of TPC-C and others, which can lead to di�erent perfor-
mance characteristics. Based on this study, we have proposed changes to TPC-C
so that it can better represent modern e-commerce applications.
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