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HTTP/1: Problem statement

Calvin’s workload: 10,000 HTTP client requests

per second to a single server
Each HTTP/1 connection: one request at a time

10,000 requests with 200ms response time: ~

« 41,000 concurrent requests -
1,000 sockets on z/TPF and distributed server Calvin

. capacity planner
No big deal for z/TPF

Painful resource utilization for distributed server

z/TPF | 2026 TPF Users Group | March 23 -25, Nashvi ille, TN | ©2026 IBM Corporation



HTTP/2 support for enhanced HTTP client
PJ48066 (March 2026)

* Adds client-side support for the HTTP/2 protocol
on z/TPF

* Fewer sockets required on both z/TPF and remote
server

* No application changes required
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HTTP/2 overview
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Concurrent requests with HTTP/1

HTTP/1 client HTTP/1 server
connection pool
TCP socket TCP socket
-or- Request 1 > - or-
TLS session TLS session
TCP socket TCP socket
-or- > - or - — Request 2
TLS session TLS session
TCP socket TCP socket
_oF & g Response - or -
TLS session 3 TLS session
TCP socket TCP socket
-or- - - or - | | Request 4
TLS session TLS session
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Concurrent requests with HTTP/1

HTTP/1 client HTTP/1 server
connection pool
- Underutilized
Underutlllzed_ Request 1 . TCP/TLS
TCP/TLS connection connection
Idle TCP/TLS | Idle TCP/TLS R t2
connection | connection eques
Underutilized |, Response Un?gg}?tlszed
TCP/TLS connection 3 connection
Idle TCP/TLS | Idle TCP/TLS | | Request 4
connection | connection

z/TPF | 2026 TPF Users Group | March 23-25, Nashville, TN | ©2026 IBM Corporation

Server
application




How HTTP/2 works

- Addresses HTTP/1’s inefficient network utilization
 InHTTP/1, parallel requests require many sockets

« One HTTP/2 connection can carry multiple concurrent
requests

- Fully backward compatible with applications written for
HTTP/1



Streams & frames

HTTP/2 HTTP/2
client server
Request Request Request

> data > data » headers >
frame frame frame

TCP TCP

socket socket
Frame:
or unit of data of

TLS or headers TLS

session session
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Streams & frames

HTTP/2
client

TCP
socket

-Or-

TLS
session

A

2

Stream 1

Stream 1 Stream 1
Request » Request
data data
frame frame
|
Stream:
request/reply pair
composed of frames
Stream 1 / \4 Stream 1
Response |«
headers
frame

.

Request
headers
frame

HTTP/2
server
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Multiplexed streams

HTTP/2
client

TCP
socket

-Or-

TLS
session

3

) 4

HTTP/2
server

client and server multiplexing is server might
might interleave transparent to the process streams
req/resp frames application out of order
Stream 3 Stream 1 Stream 3 Stream 2 Stream 1
Request ’ Request Request g Request > Request >
data data headers headers headers
Stream 3 Stream 2 Stream 1 Stream 2
Response X Response ‘ Response X Response )y
headers headers headers data
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Flow control

HTTP/1: no concurrency = no competing for bandwidth
HTTP/2: concurrent streams share TCP bandwidth

HTTP/2 introduces flow control on top of TCP’s existing
flow control



Flow control windows

- Stream windows: prevent any one stream from dominating
connection

« Connection window: prevent combined stream load from
overwhelming server

- Automatically handled by z/TPF HTTP/2 client; no tuning
required



HTTP/2 server support for z/TPF

- APAR PJ48022 (March 2025) provided HTTP/2 support for
the z/TPF HTTP server

« Link: 2025 TPFUG presentation — z/TPF HTTP server
support for HTTP/2



https://public.dhe.ibm.com/software/htp/tpf/tpfug/tgs25/TPFUG_2025_WEBS_HTTP2_Server.pdf
https://public.dhe.ibm.com/software/htp/tpf/tpfug/tgs25/TPFUG_2025_WEBS_HTTP2_Server.pdf
https://public.dhe.ibm.com/software/htp/tpf/tpfug/tgs25/TPFUG_2025_WEBS_HTTP2_Server.pdf
https://public.dhe.ibm.com/software/htp/tpf/tpfug/tgs25/TPFUG_2025_WEBS_HTTP2_Server.pdf

Features & compatibility
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Feature parity with HTTP/1 on z/TPF

- Persistent connections with high-speed connector
« TLS support with shared SSL

« Non-persistent sessions

- Synchronous and asynchronous requests

« REST consumer support

« Proxy support

« UHCR logglng user exit
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Heartbeats

- InHTTP/1, there was no architected way to check health of
an idle connection

- HTTP/2 adds protocol-level heartbeat support with PING
frames

« Controlled by the <heartbeatInterval> endpoint group
descriptor attribute

- PING frames are sent only if connection is idle for the
configured heartbeat interval
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Enabling HTTP/2 for persistent sessions

No application changes

Each high-speed connector endpoint group supports
either HTTP/1 or HTTP/2

- For easiest migration, server should support both
HTTP/1 and HTTP/2

- Set endpoint group descriptor <groupType>to HTTP2
« To migrate existing group: ZCONN STOP/START, or IPL
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Load balancing
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Socket utilization: high-speed connector

HTTP/1

Application:
tpf_httpSendRequest()

HTTP/2

y

Application:
tpf_httpSendRequest()

High-speed connector endpoint group

r

Y

A 4

High-speed connector endpoint group

Endpoint 1:
100 sockets
1 request/socket

Endpoint 2:
100 sockets
1 request/socket

Y

A 4

Endpoint 1:
10 sockets
10 streams/socket

Endpoint 2:
10 sockets
10 streams/socket

|

200 concurrent requests
200 sockets, often idle
Half-duplexed: one side transmits at a time

|

200 concurrent requests
20 sockets, better utilized

Fully-duplexed: sending and reading at once
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Socket selection

« HTTP/1 uses simple FIFO/LIFO socket selection
- HTTP/2 requires a more intelligent selection algorithm

« Considers stream load, real-time network conditions, and
expected data volume

- Optimizes for overall latency and throughput, not perfect
balancing of streams

- Endpoint selection is still round-robin
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Example: Socket selection

z/TPF HTTP client

Outgoing request:
4KB

Socket 1

Expected response data: 5MB

¥ 3

2 active streams

Socket 2

Expected response data: 10KB

v

¥ 3

8 active streams

Socket 3

Client socket send buffer is full

v

¥ N

5 active streams
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Example: Socket selection

z/TPF HTTP client

Outgoing request:
4KB

Socket 1

Socket 2 selected:
higher stream load, but more
favorable network conditions

Expected response data: 5MB

2 active streams

Socket 2

Expected response data: 10KB

A\ 4

8 active streams

Socket 3

Client socket send buffer is full

h 4

5 active streams
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Socket expansion

HTTP/1: simple expansion — open a new socket if all in-use

HTTP/2 adds proactive expansion

 Open new connections when stream load nears limits, or
congestion detected

HTTP/2 supports similar reactive expansion as HTTP/1, in
case of a sudden flood of traffic



Observability & tuning
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ZCONN statistical displays

« All existing ZCONN statistical commands work with HTTP/2
« ZCONN STATS
« ZCONN MAXSTATS
« ZCONN CLEARSTATS
« ZCONN DISPLAY
« ZCONN TOPOLOGY
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ZCONN STREAM

SERVER MAX CLIENT MAX SERVER ACTIVE HIGH
ENDPOINT SOCKET STREAMS STREAMS STREAMS STREAMS
endptl 00COO332 10 100 5 7
endptl 00CO0334 10 100 7 8
endptl 00COO335 10 100 8 8
endptl 00COO338 10 100 7 8
endptl OOCOO33A 10 100 6 7
endpt2 0OCOO33C 10 50 7 7
endpt2 OOCOO33E 10 50 8 8
endpt2 00COO34D 10 50 7 8
endpt2 00COO34F 10 50 7 7

38 8

endpt2 0OCOO351 1G<+——1——4>50

Effective stream limit:
lesser of client and server maximums
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HIGH STREAM TIME
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2026/01/23
2026/01/23
2026/01/23
2026/01/23
2026/01/23
2026/01/23
2026/01/23
2026/01/23
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ZCONN FLOW

SERVER NUMBER TIME NUMBER TIME
ENDPOINT SOCKET TCPBLOCKS TCPBLOCKED HTTPBLOCKS HTTPBLOCKED
endptl OOCOO3C4 0] N/A 0] N/A
endptl OOCOO3D8 0] N/A 0] N/A
endptl QOCOO3DA 0] N/A 0] N/A
endptl OOCOO3DB 0] N/A 0] N/A
endptl OOCOO3DC 0] N/A 0] N/A
endpt2 OOCOO3E2 2 2026/01/23 23:11 0] N/A
endpt2 QOCOO3E4 4 2026/01/23 23:06 0] N/A
endpt2 OOCOO3EA 3 2026/01/23 23:10 0] N/A
endpt2 OOCOO3EC 1 2026/01/23 23:19 0] N/A
endpt2 OOCOO3EE 5 2026/01/23 23:16 0] N/A
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ZCONN FLOW

SERVER NUMBER TIME NUMBER TIME
ENDPOINT SOCKET TCPBLOCKS TCPBLOCKED HTTPBLOCKS HTTPBLOCKED
endptl POCOO3C4 0] N/A 0] N/A
endptl OOCOO3D8 0] N/A 0] N/A
endptl OOCOO3DA 0] N/A 0] N/A
endptl QOCOO3DB 0] N/A 0] N/A
endptl 0OCOO3DC 0] N/A 0] N/A
endpt2 OOCOO3E2 2 2026/01/23 23:11 0] N/A
endpt2 OOCOO3E4 4 2026/01/23 23:06 0] N/A
endpt2 OOCOO3EA 3 2026/01/23 23:10 0] N/A
endpt2 OOCOO3EC 1 2026/01/23 23:19 0] N/A
endpt2 QOCOO3EE 5 2026/01/23 23:16 0] N/A

!

Why is endpt2 getting blocked on the TCP layer?

- streams overloading connection; contention over bandwidth
- request data exceeds send buffer size

- unhealthy connection; server reading data too slowly
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Tuning parameters
« <maxStreams> — maximum concurrent active streams
- Consider reducing the following to limit active sockets:
« <startSocket> - initial number of connections
« <maxSocket> - maximum number of connections

- Consider increasing the following to handle bandwidth
usage of many active streams

e <hufferSendSize> — TCP send buffer size

e <hpufferReceiveSize> — TCP receive buffer size
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How many sockets and streams do I need?

- It depends

- Conservative approach:
« <maxStreams> - 10 streams per socket
« <maxSocket> - keep as-is
« <startSocket> - reduce by 10x

- Adjust as appropriate based on latency, flow control
Indicators, stream distribution, etc.



Non-persistent connections
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Non-persistent HTTP/2 sessions

« Enhanced HTTP client APIs support non-persistent
connections to a remote host

« Connection is established to handle just one request

« Specify HTTP_2 on enhanced HTTP client APIs to use a
non-persistent HTTP/2 connection

- Each non-persistent HTTP/2 connections supports only one
active stream; no multiplexing



onclusion
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Calvin’s story with HTTP/2

Calvin’s workload: 10,000 HTTP client requests
per second to a single server

Each HTTP/2 connection: ~10 concurrent streams

el e S
-] o

10,000 requests with 100ms response time: -
« 41,000 concurrent requests ‘
100 sockets on z/TPF and distributed server Calvin

capacity planner

Resource utilization associated with open sockets
Is significantly reduced on distributed server
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Key takeaways

« HTTP/2 client support with full HTTP/1 feature parity

- Fewer sockets required on z/TPF and remote servers to
serve the same high volume of traffic

- Efficient connection management for low latency with
mixed request and response sizes

- Simple migration; no application changes required



Thank you
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