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Testing the Devices

Just how does one find out

PTA

+ Performance Testing Alllance
« vendor & user group

« davice testing

- adapter testing
+ goftware testing

what Is real?
|
!

Test Design-1 Test Design-3
| BMWG Life on a real world network:
Benchmarking Methodology Working Group Pathological conditions:

+ Part of IETF Peak load
| Internet Engineering Task Force - arp storms
: « Sanctioned by IAB » broadcast storms
| Internet Activities Board « rwho on diskless nodes
* bootp
+ Addressing: « tftp booting
1 - define terms
throughput Back-to-back packets
latency * NFS traffic
otc « routing updates
2 - define device classes
stand alone
bridges
routers
gateways
host dependent
network interfaces
software
- 3 - define specific tests
4 - define reporting terminology
« Mailing list
bmwg-request@harvisr.harvard.edu
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Life on a real worid network:
“Normal” conditions

« NFS servers

* named

« NNTP

« SMTP

« PC clusters
-FTP

« terminal servers

Potential zaps

Network management
« standards
SNMP, CMOT
* proprietary

Documentation
« Fit for human consumption?

User interface
- How expensive a guru Is needed?

Reachability
+ Can it be managed over the network?
« How easy Is it to crash the router
so that it requires manual intervention?
» How easy Is It to overload the router so
that the processor dces not respond to
commands on the serial line?
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Life on a real world network: Life on a real world network:
Packet length distribution on Harvard subnet Security
» What access controls on router?
+ What sorts of filtering can
be dons on traffic?
« On source of traffic
» On destination of traffic
+» On protocol type?
Packets
' ~ A /\ - A/\ j
128 28 "2 124 ne
Packet Length
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Testing, how to simulate real world

« Can't do a very good job of
simulating the "real world"

« Easy to check simple things
Idle state
Delay through router
Effects of various filtering options
Accuracy of counters
Reaction to error packets
Effect of different protocols

» Not too hard to simulate the pathological conditions
High offered load
Back to back packets

» Much harder to test for table space related limits
Routing table size
Arp cache size
Filtering list space

We put together a setup that would do some of
the easy tests, and punted on the harder ones
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Traffic generator

* bullt by Terry Bradley of Welifleet Communications

* based on the Waellfleet platform (LN & CN)

» Includes controls for protocol type, packet size,
speed (from 1 to 14,500 packets per second),
and count (1 to 10,000,000)

+ designed to be able to Implement some of the
BMWG tests
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Test set up
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Terry

Terry was one of nine founding engineers at Wellfleet
and has contributed to the Architecture of the
Bridge/Router, developed the lower layer protocols in
the product and was one of the pioneer implementors
of SNMP.

Terry is currently managing Wide-Area protocol
development and also runs the QA group at Wellfleet.

Prior to Wellfleet, Terry worked for AT&T Bell Labs and
Logica UK.
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Packet source Source data rate

« Wellfleet router with speclal software

» on Ethernet
« command line:
size theor slot 3 slot 4
source slot count protocol ifg laength 64 14880 14489 14549
128 8445 8324 8340
slot: 256 4528 4494 4498
3=Source A 512 2349 2340 2341
4 =Source B 1024 1197 1195 1195
count: number of packets to transmit 1518 812 812 812
protocol: Slot3
0. AppleTalk Phase 1
1. Novell IPX
2. DECnet1.1->13
3. UDP/IP 192.32.100.1 -> 192.32.200.1
4. Bridgeabie Protccol 0900 (UB net debug)
5. AppleTaik Phase 2
protocol: Slot4
3. UDP/IP 192.32.101.1 -> 192.32.201.1
4. Bridgeable Protocol 0900 (UB net debug)
ifg: wait loop count between frames
length: frame length (w/o CRC)
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Start command | Keep Alive source
- separate command to start the frame stream *» many protocols require "keep allve™ traffic
@ 31.slot.4.1 [ 31.slot.4.1 ) « glots 2 & 5 of the modified router can

producse “keep alives"
« two data streams will be started if the o
command has two arguments « support for:
ARP
AppleTalk |
AppleTalk I
DECNET
IPX
bridge
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Device configuration

- device to be tested |s configured at the
start of the tests

« all of the protocols to be tested are configured
- configuration kept the same untii filtering tests
- filters added without changing any other setup

« bridging test configured & run sepérately
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Procedure: raw rate

« HP 4972A lan analyzer connected to the router output
+ HP analyzer running the stats program

+ send about 20 sec worth of frames at min 1£g

« resot stats after the start of the frame stream
+ watch the "10 sec avg" to get the cutput rate
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Procedure: delay
+ send 2000 frames of IP traffic with a 1£g of “5000"
» using the scope, measure the time between the

end of the input frame and the beginning of
the output frame .
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Procedure: max rate

« HP 4972A lan analyzer connected to the router output
« HP analyzer running the stats program

* reset stats
+ gend 20 to 30 sec worth of frames through device
with a specific 1£g

« after all frames have been sent, lock at the
“total frames"” count on the HP.

If received count Is less than sent, increase the
1£g and try again

if received count Is the same as sent (+ any
keep alives) reduce the 1£g and try again

+ the “max rate" is the point at which if the 1£g
is reduced by 1 the full count of frames will
not get passed

« after getting the 1£g value, reconnect the HP to the
packet source and rerun the frame stream.

use the HP 10 sec avg" to determine the "max rate
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Procedure: dual stream

« HP 4972A lan analyzer connected to the first of the
router outputs

« HP analyzer running the stats program

- set both the slot 3 and slot 4 generators up:
with a"0" 1£g
using IP
with the same frame count and size

« gtart both slot 3 and 4 with a single @ command

« reget stats
« use the "10 sec avg" to determine the rate

- reconnect the HP to the other output
« rerun test to get 2nd rate

Test Frames

* 1P trame
192.32.100.1»192.32.200.1

1p2_fruma(60] = {

OxAA, 0x00, Ox04, 0xz00, 0x02, 0x04,

OxAA, O=00, 0x04, 0=:00, 0Ox=01, 0x04,

0x08, /* type field hiby ¢/
0x00, /* type field loby ¢/
ox4S, 0x00, Ox00, Oxlc, 0x00, Ox00, 0x40, 0x00,
oxCa, 0xl1l, Oxod, Ox8d, OxcO, O0x20, Ox¢4, 0x01,
O0xc0, 0x20, Oxa8, Ox01, 0x00, Ox81, Ox00, Oza?,
0x00, 0x08, OxS2, OxS2, 0x00, Ox00, Oxff, Oxlf,
0o=xc0, 0=02,

*DaD IP test®

}:

« DECnat frame
1.1->1.3

dn_frama(60] = {
OxAA, 0x00, 0x04, 0x00, 0x02, 0x04,

OxAA, Ox00, Ox04, 0x00, 0=01, 0x04,

0x60, /* type field hiby */
0x03, /% type tiald loby */
ox19, 0x00, Ox81, Ox06, Ox00, OxCO, OmAA, 0x00,
0x04, 0x00, 0x03, Ox04, 0x00, 0x00, OzAA, 0x00,
ox04, 0x00, 0x01, 0x04, 0x00, 0x00, 0z00, 0x00,
"WCI, 1389 DECnet test®
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between vs within Test Frames, contd.
o " + Novell frame
between Interface cards” means 0260.08¢2.adb0.00050000->0000.0004.0001.00000002
Input on a port on one Interface card
output on a port on a 2nd Interface card ipx_treme(60) = {
OxAA, Gx00, 0xz04, 0xC0, 0x02, Ox=04,
0x02, 0x60, 0x8C, Ox2A, 0x=DB, OxOCA,
« "within Interface card” means 0x00, /* length fiald hiby */
input and putput ports are on the same ox2é, /% leageh Lheld loby */
/e otzl o/
Interface card I :.:eupm";:u - s/
oxf?, Cx¥®, /* nulled checksum */
0x00, 0x26, /* length .
« In dual stream case: "between” means ox00, Oxil, /e : -;
2 input ports on one interface card :: ::: m: ::: /% 19X dast o/
2 output ports on 2nd card 0200, 0z02, 0x40, 0zaS,
0x00, 0x03, 0x00, 0=00, /* IPX sxc e/
. " 0x02, 0x60, 0=8C, Ox2A, OxDB, Ox0A, /*MAC sxce/
"n dua' Stmm caseo. "W'ﬂlll‘l means 0x04, Ox31, O0x33, 0x33, 0x$52, 0x02, 0x00, o::o,
one input and one port on each of 0x00, 0x00, OxS$, 0x33, Ox3A, OxdA, 0x5S8, OxdE,
two interface cards, data stream kept ‘;f"‘ i
within card
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Test Frames, contd.

« AppleTak i frame
5.65»107.3

apt2_frame(60] = (

/* length field hiby o/
/* leogth field loby ¢/
/* ssap dsap ctrl ./

/% start APT PDU..*/

oxFc, 0x03,
0=00, OxOF,
0x00, 0x00,
0=00, 0x00,

OxAA, 0x00, Ox04, 0x00, 0x02, O=04,
0202, 0x60, 0x=eC, 0x01, OxR2, 0x39,
0xz00,
0x23,
OxAA, OxAA,
0x03,
0x08, 0x00, 0x=07, /t snap */
0x680, 0x98,
0x04, Ox18, O0xCO, 0x00, 0=00,
ox63, 0x00, 0x03, 0x03, 0x0¢, OxFD,
0x60, O=01, 0x02, O0x=¢é, 0x02, 0=00,
ox11, 0=00, OxFF, OxFP, 0x00, OxdS,
0x00, 0=00, 0x00, 0=00, 0=00, 0=00,
0x00
¥

« bridge test frame
0000.2333.3333-+2200.0333.3333
1b2_frama(60] = (
OxAA, 0x00, 0=03, 0x33, O=33, 0x33,
0x00, 0xCO, O=xA3, 0x33, Ox33, Cx33,

cx09,

/* type fiaeld hiby */

0=00, /* type field loby */
“Wellfleet Cammnications, 1990 LB test Bltw3®

)

Keep Alive Frames, contd.

* IPX ksepelive frame
ipz_keepalive_frume(78] = {
ozry, OxF¥, 0xf¥Y, OxI¥, 0xFP, Oxry,
OxAA, 0x00, Ox04, O=00, O=04, Oxo4,

0=00, /* length fiald hiby */
x40, /* leagth field loby ¢/
/* no sssp dsap ctrl ¢/
/* starc 10X PDU ... o/
oxFy, OxFY, /* oulled checksum ¢/
0=00, x40, /* lengeh o
0x00, 0x01, /0 o
0x00, 0x06, 0x00, 0=00, /* 13X dast a/
oxry, Oxf¥, OxfY, Oxf¥,
ozFy, O0xFF, 0x04, 0x33,
0x00, 0x06, 0x00, 0=00, /* I9X sxo o/

OzAA, 0x00, Ox04, 0x00, 0=04, 0x04, /* MAC sro s/
ox04, 0x33, 0=00, 0x02, OxCO, 0x01, 0x00, 0x00,
0x00, 0x01, 0x00, 0=01, 0x=00, 0x02, 0x00, 0x00,
0x00, 0x01, 0x00, 0x01, 0x00, 0x08, 0=00, 0xCO,

/% IPX node sddress 1t/
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Keep Alive frames Keep Alive Frames, contd.
« arp frame + AppleTaik || AARP response frame

arpl_frama(60] = { sarp_frame(64] = (

oxfP, OxFF¥, OxfP, OxF¥, OxFF, OxIT, 0x09, 0z00, 0x07, Ox¥¥, OxF¥Y, OXIT,

OxAA, 0x00, 0x04, 0x00, 0x03, 0x04, * OmAM, 0x00, 0x04, Ox00, Ox03, Cx04,

0x08, /* type field hi o/ 0x00, /* length field hidy */

0x06, /* type fiald 1o o/ ox24, /* length field loby ¢/

0x00, 0x03%, /% media ./ OxAA, OxAA, /* ssap dssp otrl  */

0x08, 0x00, /* proto id e/ 0x03,

0x06, /* bw odr lea %/ 0=00, Cx00, 0x00, /¢ snap 0/

0x04, /* proto adr len */ 0xz80, CxF3,

0x00, 0=02, /* opoode xeq/xept/ 0xc0, 0=01, /¢ tw type %/

OzAA, 0x00, Ox04, 0x00, 0x03, 0x04,/* phantow’'s MAC */ 0x60, Ox9B, /% proto */

0xCO, 0x20, 0xCS, 0x01, /¢ phantom’'s 1P */ ox06, /% 3AC len */

oxfY, OxF¥, OxF¥, OxFY, OxSY, OxF¥Y,/® zouter’s MAC */ oxo04, /% proto len o/

oxC0, 0x20, OxCS, 0x02, /® outex’s IP ¢/ 0x00, 0x02, /* respoose t/

*200.1's ARD frame® OzAA, Gx00, Ox04, 0x00, 0x=03, 0x04, /* phantom’s MAC */

}: 0x00, 0x00, 0x6B, 0x03, /* 107.3 phantom’'s ATP */

oxf¥, OxF¥, OxFF, OxF¥, OxfT, OxFF, /* router's MAC %/

+ DECNET hello frame 0200, Cx00, O0x6B, OxFD, /* 107.253 xoutex’'s ATR ¢/

dn_hallo_frame(60) = { 0200, 0x00, 0x00, 0x00, 0x00, 0xCO0, O0=00, 0=00,

OxAB, 0x00, 0=00, 0x03, 0xCO, 0x00, 0200, 0x00, 0x00, 0x00, 0x00, 0xCO

OxAA, 0x00, Ox04, Ox00, Ox03, 0x04,

ox60,
0x03,
0x22, 0=00, 0x0D, 0x02,
OxAA, 0x00, 0x04, 0=00,
0x03, OxDA, 0x0S, 0=01,
0x00, 0x00, 0x00, 0=00,
0x04, 0200, 0x02, O=04,
OxAA, OxAA, 0x00, 0x=00,
0x00, 0x00, 0x00, 0x00
}:

0x00,
0=03,
0x00,
0x00,
oxryY,
0oxc0,

oxco,
0x04,
=00,
0x00,
ox1r,
0x00,

/* typa field hiby */
/* type fiald loby */

OzAA, 0x00,
oxry, 0x02,
0x00, 0x00,

Test Design-26
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« bridge lsaming frame
lean2_fraume(60] = (
0x00, Ox00, OxA3, 0x33, Cx33, Ox33,
OxAA, (=00, O0x03, 0=33, O=33, 0=33,
0x07, /% type fiald hiby */
=00, /® type field loby */
*Nellfleet Cammunications, 1990 LB learn 81t=2*
):
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Test Results: Routers

How fast is fast?

Thanks

« Welifleet Communications, Inc.
test equipment & software

+ Terry Bradley of Welifleet
software

- Scott Baker of Proteon
much help in debugging procedures

» Dan Lanciani
original test software
future test hardware & software

+ BMWG
test design

+ Cheryl Chapman
tired fingers

cops

+ this round Is of Ethernet to Ethernet
local routers

* announcement sent on comp.protocols.tcp-ip
+ some vendors missed

+ a number of requests for ka9q & pcroute
ran out of time

Devices: 3com NETBuilder

- vendor
3Com Corporation
5400 Bayfront Plaza, P.O. Box 58145
Santa Clara, CA 95052-8145
1-800-NET-3Com

» device tested
NETBuilder Brouter - BR/2000

- transport protocols supported
TCP/IP, OSI - CLNP, XNS

+ interconnect protocols supported

« bridge mode supported?
Yes

« routing protocols supported
RIP, EGP, RIP-XNS

« interface types supported
serlal from 9.6KB to 6MB
Ethernet, 802.3, SNAP

* management protocols supported
SNMP agent, CMOT agent, TELNET server
“remote" facllity (UDP datagram access

to the user interface.)




Devices: BBN Communications T/20

- vendor
BBN Communications
US Corporate Headquarters
150 CambridgePark Drive
Cambridge, MA, 02140
(617) 873-3268
FAX (617) 354-1349

» device tested
T/20 Internet Router

« transport protocois supported
TCP/IP

« interconnsct protocols supported
DDN X.25, Blacker X.25, PPP,
BBN-Trunk, HDLC pass-through

« bridge mode supported
no

« routing protocols supported
EGP, BBN-SPF

« Interface types supported
serial from 600B - 10Mb
Ethernet/IEEE 802.3, 4AMB Token Ring,
16MB Token Ring

« management protocols supported
SNMP agent, HMP agent/polter, TELNET

Device: Network Systems Corp. EN640-8

« vendor
Network Systems Corporation
7600 Boone Av. North
Minnapilous MN 55428
612-424-4888

» device tested
EN642-8

« transport protocols supported
TCP/IP, DECnet Phase IV, OSI (CLNP)
AppleTalk II

« interconnect protocols supported
HDLC

« bridge mode supported
no

« routing protocols supported
RIP, EGP

« Interface types supported
sorlal from 9.6KB to 45MB
Ethernet, 802.3, fddi, mainframe
computer channels (IBM, Cray, Univac,
Honeywell...) computer bus (Bl, VME, HPIB,
multibus...)

+ management protocols supported
SNMP client, TELNET .

Devices: cisco AGS+

« vendor
clsco Systems, Inc.
1525 O'Brien Rd.
Menlo Park, CA 94025
1-800-553-NETS
+ device tested
AGS+
« transport protccols supported
TCP/IP, DECnet Phase |V, Phase V,
Novell IPX, XNS, OS! (CLNP), AppleTalk |,
AppleTalk I, Apollo Domain, Banyon Vines
« interconnect protocols supported
HDLC framing, LAPB, X.25, PPP
« bridge mode supported
YES
« routing protocols supported
RIP, EGP, IGRP
- Interface types supported
serlal from 9.6KB to 4MB
Ethernet, 802.3, 4AMB Token Ring, FODI
- management protocols supported
SNMP client, TELNEY

Device: Novell NetWare 386 - TCP/IP

« vendor
Novell, Inc.
2180 Fortune Drive
San Jose, CA 95131
1-408-473-8375
« device tested
NetWare 386 TCP/IP Beta release software
on an AST 486/25E PC
with two Novell NE3200 EISA Ethernet interface boards
« transport protocols supported
TCPAP, IPX, OS] (CLNP),
AppleTalk |, AppteTalk Il
+ Interconnect protocols supported
+ bridge mode supported
no
» routing protocols supported
rip
+ Interface types supported
Ethernet, 802.3, 4MB Token Ring,
16MB Teken Ring, ARCnet, 10 Base T
- management protccols supported
SNMP client, SNMP server




Devices: Proteon P4200

- vendor
Proteon, Inc.
Two Technology Drive
Westboro, MA 01581
(508) 898-2800 ext. 2330

+ device tested
p4200 Muitl-protocol Internetworking Router

» transport protocols supported
TCP/P, IPX, DECnet Phase IV, OS],
AppleTalk I, XNS, Apollo Domain
« Interconnect protocols supported
X.25, IEEE 802.6
+ Bridge mode supported
No
-+ Routing protocols supported
RIP, OSPF, EGP
- Interface types supported
serial from 9.6KB to 2.048MB
Ethernet, 802.3, 4Mb Token-Ring, FDDI
« Management protocols supported
SNMP client, SNMP server, TELNET

Device: Timeplex TIME/LAN 100

- vendor
Timeplex
400 Chestnut Ridge Rd.
Woodclitfe Lake, NJ 07675
201-930-4600

» device tested
TIME/LAN 100 Router

s transport protocols supported
TCPAP

» interconnect protocols supported
X.25

+ bridge mode supported
no

- routing protocols supported
GGP, RIP, EGP

« interface types supported
serial from 9.6KB to 1.6MB,
Ethernet, 802.3, FODI

+ management protocols supported
SNMP agent

Device: Proteon XP 20000

« vendor
Proteon, Inc.
Two Technology Drive
Westbhoro, MA 01581
(508) 898-2800 ext. 2330
« device tested

XP 20000 Multi-protocol Internetworking Router

« Transport protocols supported
TCP/IP, DECnet, IPX, OSI, XNS,
DECnet Phase IV & V, AppleTalk | & Il
« Interconnect protocols supported
X.25, Frame Relay
« Bridge mcde supported
Yes; spanning-tree, scurce-routing
* Routing protocols supported
RIP, OSPF, EGP, IS-IS
+ Interface types supported

serial from 9.6KB to 2048MB, Ethernet, 802.3,

4Mb Token-Ring, 16Mb Token-Ring, FDDI
» Management protccols supported
SNMP client, SNMP server, TELNET

Device: Wellfleet Link Node

- vendor

Wellfleet Communications Inc

15 Crosby Drive,

Bedford, MA 01730

617-275-2400
+ device tested

Link Node Communications Server
* network protccols supported

TCP/IP, DECnet, XNS, Novell IPX, AppleTalk Il

« interconnect protoccols supported
X.25, Frame Relay, LLC1 point to point,
LLC2 point to point

+ bridge mode supported?

Yes

+ routing protocols supported
Extended RIP, EGP, OSPF

+ Interfaces supported
serial from 9.6KB to 6MB,
Ethernet, 802.3, 4 MB Token Ring,
16 MB Token Ring, FDDI, 10BaseT

« management protocols supported
TELNET, SNMP Client,

SNMP server, EMA




Perspective

« 6 M frame per second router on a 9.6KB

link not all that useful

« theoretical frame rates for link speeds

64 octet frames

“ideal* serial links, l.6. no MAC address

rounded up
link speed fps
2.4KB 5
9.6KB 19
56KB 110
64KB 125
ST1 1508
T 3016
Ethernet 14,880
T3 >85,000
FODI >175,000
!
Delay

« in all but one case
max delay < 1ms
variabliity <.5ms

« one case
even distribution from .2 to 10ms
looks like software loop

Throughput

- getting faster
3 "wire speed” routers
(for some frame sizes)

impressive performance from PC
« cluster of mid range devices

much like new bridges
6K FPS

protocols
« good range of protocols supported

- most devices were a bit slower in
non-ip case

+ bridge mode quite good
less need to use two devices




Multi stream

« hard to do good multi-stream test, hard to
see actual peak rates

Proteon XP 20000
combined rate of about 16K FPS
with full speed Input

about 20K if inputs slowed to “10K FP$ each

« may be useful, better test needed

ests

- fastest: (alpha order)
BBN, cisco, Welifleet

« best pkg:
3com

« most llke a mainframe:
NSC

+ most surprising:
Novell

» ruggest (& most compact):
Timeplex

» most promising development:

Proteon XP 20000

Back to back
» good test of queue size

- software bug in tester prevented testing

Software versions

« versions of system software used In the tests

3com
1.1
BBN
1.0
cisco
8.20
Novell
183
NSC
(oops)
Proteon
p4200 - 9.1x
XP 20000 - 9.1x
Timeplex
1.X7
Wellfloet
5.40




Second 1000

Performance:

3com NETBullder - TCP/IP
configuration: within interface card
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Packet Length

1518

Performance:

3com NETBullder - Bridge Mcde
configuration: within Interface card
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Performance:

BBN T20 - TCP/IP
configuration: within interface card
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Performance:

clsco AGS+ - TCP/IP
configuration: between Interface cards

Performance:

clsco AGS+ - DECNET
configuration: between Interface cards

14880 1480
10000 10000 j
$000 4
5000 -
2000 4 2000+
Packets
P:::u per
Second 10004 Second 1000 4
p
oy 500
‘w ‘u 1 U
sa128 258 12 1024 1518 uim 2 2 102 e
Packet Length Packet Length
o
nw ——  SOUICH
—_——s  source —_— s  fiter1 max
max O—G——=0 fiRer10
Performance: Performance:
cisco AGS+ - AppleTalk Il cisco AGS+ -IPX
configuration: between interface cards configuration: between interface cards
14880 14800
10000 ~ 10000
5000 4 5000
2000 4 2000 4
Packets Packsts
por per
Secend 1000 - Second 1000 4
500 - €04
100 100 T T T T
w128 258 512 1024 1518 w“izs 268 s12 1024 1518

Packet Length
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Performance:

clsco AGS+ - Bridge Mode
configuration: between Interface cards

148%0

10000 -4

Packets

Second 1000

100

1
64128 256 512 1024
Packet Length

max

1518

Performance:

clsco AGS+ - Dual IP Streams
configuratlon: between Interface cards
2780

[
14380

10000 —

Packets 2009 |

Second
1000 4

64128 258 512 1024

Packet Length

InAeB outA
- - > out@

A
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Performance:

cisco AGS+ - TCP/IP
configuration: within Interface card

Performance:

cisco AGS+ -

DECNET

configuration: within interface card

14380 14000 _l
| 100 oo
8000
5000 <
2000 <
2000 <
Packets
Packets per
i per Second 1000
Second 1000
]
500
$00 4
§
2 ol —
! s e 02 1024 1518 e 204 o2 b e
Packet Length Packet Leagth
!
| ——— (NOOCOLICRY ]
‘ i - nw —————— SOMTCO
' —————. SOUrCe — A HNer S 7% ]
' max - e e ILLUIAL
!
’ Performance: Performance:
! clsco AGS+ - AppleTalk Il cisco AGS+ -IPX
; configuration: within interface card configuration: within interface card
i
i 14830 14880
! 10000 4 10000
' 5000 5000
i
2000 2000
Packets Packets
per per
Second 1000 4 Second 1000
500 500
100 100 T T T T
a1 288 52 102 1540 “1ze 25 512 1024 1518
) Packet Length Packet Length
e nw
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Performance:

clsco AGS+ - Bridge Mode
configuratlon: within interface card

148%0

10000

Packets

Second 1000

Packet Length

theoretice! nw

Performance:

cisco AGS+ - Dual IP Streams
configuration: within Interface card
2760

14820

10000

100

Packet Length

ot A

B G0 Ut AeD

S



Performance:

Network Systems Corporation EN640-8 - TCPAP
configuration: between Interface cards

Performance:

Network Systems Corporation EN640-8 - DECNET

configuration: between interface cards

148% 1480
10000 10000 -
5000
5000
|
2000+ i
2000 -
- ree |
Seond 1000, Second 1000 1;
) \ 1
|
500 - . 6004
|
|
%
|
'”“'5 = s o i mum 258 812 1024 1518 .'
Packet Length Packet Length f
th aw e
- - » fier? max
max —0——a_ fier10
Performance: Performance:
Network Systems Corporaticn EN640-8 - AppleTalk Il Network Systems Corporation EN640-8 - Dual [P Strean
configuration: between interface cards configuration: between interface cards
2070
14850
10000 - 14800
10000 -4
5000 -
5300 -
2000+ Packets 2000
Packets per
per Second
Second 1000 1000 -
—
500 4 500
100 y
100 / : w128 258 812 1024 1518
s 2 812 1024 1519 Packet Leogth
Packet Length
in A8 —— QUL A
t nw A T e




Performance:

Performance:

Network Systems Corporation EN640-8 - DECNET
Network Systems Corporation EN640-8 - TCPAP .
configl?rvatlon: within interface card configuration: within Interface card
14880
14380
10000
10000
5000
5000
2000 4
2000
4 Packets
Packets per
per Second 1000
Second 1000+ \
1
500 4 80
'm T 1 T T
100 4— T T T sa129 238 512 1024 1618
64128 288 12 124 1518 :
Packet Langth Packet Length
. My [
T e T e j——
—— AR O Qe 1RO 10

Performance:

Network Systems Ccniporatlon EN640-8 - ApplaTalk Il
configuration: within interface card

Packets

Second 1000 -

500

utél - ] M'Z 1024 1568
Packet Length




Performance:

Novell NetWare 386 - TCP1P
configuration: between Interface cards

14880

10000

Peckets

Second 1000 -

Packet Length

Performance:

Novell NetWare 386 - IPX
configuration: between interface cards

14880

Packets

St::ad lM#

19 T T T v
64128 258 512 124
Pecket Length

————— SO PO
max

1518




Performance:

Proteon P4200 - TCPAP
configuration: between interface cards

100

T
812

Packet Length

source —»  fiRer1t
max O @@ filt0r 10

151

Performance:

Proteon P4200 - IPX
configuration: between Interface cards

14800

10000

Packets

Second 1000

100

Ly
64128 258 $12 1024 1518
Packet Length

———— sRUIrce
max

Performance:

Proteon P4200 - DECNET

configuration: between interface cards

Packets

per
Second 1000

Packet Length

1024




Performance:

Proteon XP 20000 - TCPAP
configuration: between Interface cards

14350

10000

2000
Peckets
pec
Second 1000
500 4
‘m ] 1 ¥ T
64128 258 512 1024
Packet Longth
h raw
——— SOUICS ——— s fiNert

158




i im e - -

Performance:

Timepiex TIME/LAN 100 - TCPAP
configuratlon: within interface card

14880

10000

5000

Packets

Second 1000

T
812 1024 1518

Packet Length




’1

Performance:

Welifleet Link Node - TCP/IP
configuration: between interface cards

Performance:

Woelifleet Link Node - DECNET
configuration: between Interface cards

14300
14880
10000 -
10000 -
5000
5000
2000 4
2000
P Packets
ackets per
per Second 1000
Secend 1000
y
500 J
500
1
‘“ 1 1
100 T Y 64129 258 512 1024 1510
64128 258 512 1024 1518
Packet Langth
Packet Length
N w
nw —— SOUICE
0UrCe ———teee s fiRor max
max - e LU U A
Performance: Performance:

Wellfleet Link Node - AppleTalk [l
configuration: between interface cards

145%

Packets

per
Second 1000

64128 258 02 1024
Packet Length

1518

Wellfleet Link Node - IPX
configuration: between interface cards

10000 -

Pachsts
per
Second 1000 -

ey

w120 268 02 1024
Packet Length

source
max

1518




Performance:

Welifleet Link Node - Bridge Mode
configuration: between Interface cards

Packets

Second 1000

theoretical ——— AW
—_———  S0urce
max

1518

Performance:

Welifleet Link Node - Dual IP Streams
configuration: between interface cards
2760

14830 &

Packets 2009 |

Second
1000

A
] o 0 outA+8

1518




Performance:

Welifleet Link Node - TCP/IP
configuration: within Interface card

Performance:

Woellflest Link Node - DECNET
configuration: within interface card

14580 1480
10000 4 10000
q
000 5000
: 2000
. 2000
ﬁ Packets
i Packets por
per Second 1000
Second 1000
)
500
500
100 ey , — T e 512 1024 518
64128 258 512 1024 1818
Packet Leagth
i Packet Length
!
I L nw
H nw ———— sQurce
I 0Urce —_— > fiRert max
i max e Gy iR 10
!
!
‘ Performance: Performance:
| Welifleet Link Node - AppteTalk Il Wellfleet Link Node - 1PX
i configuration: within interface card configuration: within Interface card
§ 14880 14800
10000 -4 10000 -
|
i $000 - 5000
]
é 2000 2000
i Packets Packets
? per per
! Second 1000 - Second 1000
500 4 500 o
100 T 100 T T T T
sa128 258 512 1024 1518 s128 256 82 1024 1518
Packet Length Packet Length
" nw raw

—— SORIICO
max

——————— SOALICH
max




Performance:

Welifleet Link Node - Bridge Mode
configuration: within interface card

14830

10000

Packets

Second 1000

1024 1518

Packet Length

Performance:

Wellfleet Link Node - Dual IP Streams
configuration: within interface card

27600
[

14330 -4

10000

Packets 2999 |

Second
1000 -

100

4128 258 512

InAsB
—— SOUTOS A

Packet Length

out A
—a s outB
O————G———0 Ut AeB




Performance: 3com

3con NETBullder - TCR/IP - within interface card

size theo test 1p max ip_tld
9 6401

(1] 14680 14 6404
128 8443 [ x-1} ({21 ]
256 4528 449 4004
512 2349 2340 2202
102¢ 1197 1198 1010
1518 012 812 99

Jcom NETBuilder - Bridge Mode - within interface card

€553
3953
218
1153

192

420 theo test br_max br_fld

6 14080 14489 9830
128 044 9324 €135
256 45286 449t 3994

$12 2349 30 2202
1024 197 1198 1159
1518 912 812 80%

9750
6564
3953
2183
1153

192

Performance: cisco

cisco ACS+ ~ TCP/IP - between interface cards

size theo test ip_max ip fld 1f max 1f_£1d 10f_sax 10f_f1d

64 14880 14489 14489 14483 13489 114988 14488 14489
128 044 0324 9324 €324 9324 324 8324 8324
256 4528 “n 4493 “un [ 44 s [Y37]
s12 2349 2340 2340 2340 2340 2340 2340 2340
1024 1197 1198 1194 1194 1198 1195 1198 1195
1818 812 012 o11 811 812 812 812 012

clsco AGS+ - AppleTalk II - between interface cards

alze theo test at2_max at2_fld

(1} 14880 14489 14400 14488
128 9448 8324 0324 8324
256 4329 4“4 “w 449

512 2349 2340 2340 2340
clsco AGS+ - DECNIT - between interface cards

atze theo test dn_max dn_fld
[1] 14080 14489 13097 13270
128 8448 932¢ 2324 8324
256 4528 4“9 LI} 1] 449
512 2349 2340 2340 2340
1024 1u” 1195 1198 1198
1518 812 812 812 812

Tisco AGS+ - IPX - betwesn interface cards

size theo test ipx max ipx_fld
(1) 14830 14489 14488 la48s
1260 0448 8324 a2 p xr1}
256 4528 LI “n 4%
$12 2349 2340 2340 2340
1024 1197 1198 1198 1198
1518 012 212 812 912

Performance: BBN

BBN T20 - TCP/IP - within interface card

size theo test 1ip max 1ip fld

(1] 14880 14409 4318
128 6448 8324 4339
256 4528 449 4493
512 238 2340 2340
1024 1197 1198 1194
1518 812 812 o1l

4664
4654
4493
2340
1194

811

1€ max 1£_£1d 10f_nax
2620 2118 2620
2433 21717 2433
2231 212 2231
2340 2340 2340
119 1134 1194
o1 811 811

10¢_t1d
7178
2117
2174
2340
1194
a1

cisco A28+ - Aridge Mode - between interface cards

size thao test br_max br_fld
(1] 14680 14409 14488 14489
128 8448 8324 8324 32
256 4520 (L3 1] 4494 “un
512 2349 2140 2340 2340
1024 1197 1198 1198 1198
1518 012 012 812 812

clsco AGS+ - Dual IP Streans - betwean 1lnterface cards

size theo testl test2 dl_fld &2_fild
(1] 14800 14409 14549 9682 9700
120 44S 8324 8340 8324 8340
25¢ 4528 (T} 4458 4493 4498
512 2349 2340 2341 2340 2341
1024 1197 1198 1195 1194 1198
1519 012 812 812 812 012




Performance: cisco

clsco AGSe - TCP/IP - within interface card

Performance: Network Systems Corporation

g

DIC40~8 - TCP/IP - Detween Lnterface cards

size theo test ip max 1p_fld 1f max 1f_f1d 10f _max 10f_fid olze theo test tp_max 1p_f1d 1f max 1f_f1d 10f max 10¢ 14
“ 14080 14489 13488 11488 13480  17¢es 13488 17 “ 14880 14489 €327 €233 T3¢ a3 1710 1670
128 9448 0324 324 0324 92 (21 (2-1] 0324 120 s 0324 s108 s109 an s 1629 1876
2%6 4529 4“4 [ 1] “ne “n “ “un “n as¢ 4% “n 3788 3782 3748 37186 1599 1836
812 2349 2340 2340 2340 2340 2340 2340 2340 812 239 2340 2124 2123 2122 2123 1568 1493
1024 1197 1195 1193 19 us un 119 1194 102¢ 1 1198 1137 1136 1130 138 . 14 1138
1519 2 02 n2 812 (183 [ 2§ [ 183 a1 1518 02 12 186 Ri 1) 197 106 798 184
clsco AGS+ - AppleTalk II - within interface card Y P ion ENE40-8 - AppleTalk II - between iatecface cards
size theo test at2_max at2_fld size theo test at2_max at2_fid
(13 140880 14489 14408 14408 (1] 14880 14489 027 o
128 2448 0324 8324 0324 120 (171 0324 e0s o
256 4520 “n “n “n 2%¢ 4320 “wn 170 0
812 234 2340 2340 2340 s12 234 2340 102 26
cleco AGS+ - DECWET - within interface card y P tion EN640-Q - CECKET - betwesn interface cards
sige theo test dn_max dn_fid sige theo test dn _max dn _fid
[1} 14880 14409 13097 13236 (1] 14880 14489 128 L]
120 8445 8324 8323 09323 128 044S 0224 (1 1] 0
286 4520 “n “n “n 25¢ 4928 " [ 1] [}
812 2349 2340 2340 2340 512 2349 2340 127 2e0
1024 119 1198 1195 1198 1024 1197 1198 E11 ] 452
1518 812 02 812 012 1518 02 012 4“3 m
cleco AGS+ - IPK - within interface card y lon EN640-8 - Dual I» x cards
size theo test ipx _max ipx_fld size theo testl test2 dl fld & f1d
1) 16080 14489 14488 14488 " 14880 143549 3224 339¢
12¢ 0448 9324 324 0324 120 84453 2340 e 2978
256 4528 e “wn “n 256 4520 “w” 2638 2681
512 2349 2340 2340 2340 512 2349 2341 2338 2123
1024 1n» 1198 1198 1198 1024 1197 1198 1138 1198
1518 02 02 012 012 1510 02 012 7¢6 02
cieco AGS+ - Bri Moda - within interface card
- Performance: Network Systems Corporation
size theo test br sax br_fld
[1] 14080 14489 14488 14488
128 844S 8324 8324 Jystens ion EN640-6 - TCP/IP - within interface card
236 4528 4494 449 44
812 2349 2340 2340 2340 size theo test 1ip max 1p_fid 1f max 1f_£1d 10f max 102 tld
1024 1197 1198 1198 1198 (1} 14880 14409 5986 6604 s 4630 1732 1702
1518 012 0212 12 012 120 448 8324 5259 37132 4608 4ade | 1662 1629
25¢ 4529 “wn 37 315 372 3641 154 1523
cleco ACS+ - Dual IP Streams - within interface card s12 2349 2340 2128 2123 2122 2123 1508 un
1024 1197 1198 1140 1138 1139 1138 u¥» 138
size theo testl taest2 dl fld 42 fid 1510 812 012 188 104 188 183 0 kL
. 14880 14489 14549 9689 3698
120 8445 8324 830 8323 N0 Y lon EN640-8 - AppleTalk IT - within interfsce card
256 4328 4" 4498 “u" 4“n .
512 2349 240 21 240 234 size  theo  test at2 max at2_fid
102¢ 1197 1195 1198 1194 1198 ¢ 14409 azs o
1518 n2 n2 012 012 02 120 8324 908 °
2s¢ “n 767 0
12 2340 101 266
syst P ton EN640-8 - CECMET - vithin interface card
size theo tast dn_max dn_fid
7] 14680 14499 ”n 0
129 0443 02 803 0
56 520 “n 226 0
12 234 2340 718 270
1024 1197 1198 se0 [E>]
1518 012 02 42 L)Y




Performance: Novell

Novell Met¥are 386 - TCP/IP -~ betwesa Interface cards

size theo tsst 1ip max 1ip_fld
(1) 14880 14489 3278 70
128 0448 [ 211 207 302
256 4528 4494 2092 2036
s12 230 2340 122 1764
1024 1197 1198 1050 1030
1518 812 012 144 ™m

Novell Metiare 386 - IPX - Detween interface cards

1px_nax lpx_tid
(1) 14080 3240
128 844s 8324 3274 nn
256 4528 4494 2933 2082
512 2349 2340 1061 1768
1024 1197 1198 1078 1031
1518 812 812 107 31

Performance: Proteon

Protecn rig - TCP/IP - between interface cards

sizs theo test
(1} 14880 14489
120 0443 0324

2s¢ 4520 449
812 2349 2340
1024 1197 1195
1510 12 n2

Protecn rig - Cual IP Strsams - between intarface cards

size theo  testl
(1] 14880 1
120 a44s

236 4329 W4
S12 2349 2340
1024 1197 1198
1519 02 012

1p_sax
13802
1896
4381
267
1106
812

test2
14549
0340
4490
348
1198
012

ip_tid
12142
1998
43%0
229

1161
808

a1_f1d
516
€027
an
2333
1193
010

1f_max
4622
4233
2964
1850
1060
149

@_eid
T1e
[y
3936
4098
1192

90

1£_t14 tog
1513

4212
2%4¢
1838
1047

kL33

4608
4222
2964
1850
1060

749

_max 10¢_fld

4330
4204
2340
1037
1048

42

Performance: Proteon

Protecn P4200 -~ TCP/IP - between interface cards

size theo test 1ip max ip_fld 1f max 1f_fld 10f max 10f fld

(1) 14880 14409 3616 3576 2673 2084 26718
128 8443 [ 3-11 cst 3038 240 1674 2259
25¢ 4528 4494 1667 1529 4N 1253 1493
$12 234 2340 e a6 873 s 976
1024 1197 1198 sos 473 463 4“7 468
1518 012 02 348 328 324 ns3 328

Proteon P4200 - DICKHET - between interface cards

size  theo  test do_mex da_fld
7] 14880 14489 147 1469
120 43 I 1595 18]
236 4528 4494 1308 1401
512 2349 240 s s04
1024 1197 1198 s39 482
1518 02 n2 03 30

Protean P4200 -~ IFX -~ betweas interface cards

size theo test ipx max ipx fld B
(1} 14080 14489 1801 1593
128 48 24 179 1360
256 4528 4494 1608 1503
$12 2349 2340 70 12
1024 1197 1198 s1s 450
1518 012 702 a1 310

Protecn P4200 - Dual IP Streams - between interface cards

size theo testl test2 d1_fid a2 fid
(1] 14880 14409 14549 1008 1101
128 s ] ) o
2%¢ 4528 4494 4498 s 933
12 2349 2340 234 ({1] 1107
1024 119 1195 1198 1109 (13}
1518 012 02 n2 270 433

2050
1668
1248
a1l
4“7
3

Performance: Timeplex

Timaplex TDG/LAN 100 - TCP/IP - betwveen interface cards

size theo test
(7] 14830 10409
128 044 24
256 4520 “un
812 2349 2340
1024 1197 1198
1518 02 012

1p_max
s480
4863
3287
1969
9177
€91

ip_fld
4022

ae
3283
1949
73
(1)}




Performance: Wellfleet

Wellfleet Link Mode - TCP/IP - Detwesn intezface cards

Performance: Wellfleet

Wellflest Link Mode - TCP/IP - within interface card

size  theo test ip max ip_fl4 1f max 1f_fld 10f_sax 10f_fid size theo test 1ip max 1p_f1d 1f max 1€ f1d 1f max 1f fid

[} 14880 14489 14473 14473 11107 10778 9708 998 (1] 14880 14409 11006 12646 93 636 930 6ss
! 129 44 [2-1] sx2 0322 €322 9322 0324 324 128 (YY1 024 0322 0322 0324 8324 8324 (1]
| 256 4320 W W3 “n an “n “n 286 4528 a4 Wl W qae “n W N
i $12 2349 2340 2340 2340 a0 2340 2340 2340 $12 2349 2340 2340 2340 2340 2340 2340 2340

1024 1197 1198 119¢ 1196 1nn 1193 1198 1195 1024 1197 1198 1196 119¢ 1193 1193 1193 1193
l 1518 012 12 n1 a1 11 11 012 812 1818 02 602 1 (3% n "1 o1l [ 38
I Hellfleet Link Node - AppleTalk II - between interface cards Wellfleet Link Node - AppleTalk II - within interface card

size theo test at2_max at2_fld size theo test at2_max at2_flq

[{] 14880 14489 12676 13629 (13 14080 14409 10707 113%

126 ad4s 324 0324 8324 129 0443 324 8322 322

256 4520 4494 44 “” 256 4528 “n 449 4“9

512 230 2340 234 34 $12 234 2340 213 233

Hellfleet Link Node - ORCHET - between interface cards Wellfleet Link Node - DBCUMET - within interface card

size theo test dn_max dn_fld size theo test dn max dn_fld

(7] 14880 14499 10151 10404 [1] 14080 14489 8634 (11 -4

129 0443 [ x-1] 022 322 128 8448 0324 0322 8322

256 4528 “ne 449 44 236 4520 4 “n “un

812 2349 2340 23400 2340 812 2349 2340 2340 340

1024 1197 1193 1194 1194 1024 1197 1193 1193 1193

1518 012 812 812 012 1519 02 012 11 n

Hellfleet Link Kode -~ IPX - bDetween interface cards Wellfleat Link ¥ode -~ IPX - within interface card

atze theo test ipx max ipx_fld size theo test ipx_max ipx_£ld

[{] 14880 14499 10420 10642 (1) 14880 14489 4780 7109

120 0443 0324 0324 128 8448 09324 8322 8322

256 4520 “n 4493 4493 25¢ 4520 “e 4494 4“4

512 2349 2340 2340 2340 512 2349 2340 2340 2340

1024 1197 1198 1194 U 1024 1197 1198 1194 11

1510 012 012 012 012 1518 012 012 811 n

Wellfleet Link Node - Bridge Mode - between interface cards ¥ellfleet Link Node - Bridge Mode - withis interface card

size theo test br max br_fld size theo test br_max br_fld

(1} 14680 14439 14482 14488 (1} 148380 14409 14489 14409

129 8448 8324 [X-1] 8324 128 0443 832¢ 8324 8324

256 4529 4494 449 4494 25¢ 4528 4494 “n s

512 2349 2340 2300 2340 512 2349 2340 2340 2340

1024 1197 1193 1198 1198 1024 1197 1198 1193 11938

1518 812 012 02 812 1518 012 12 812 [ 2%

tellfleet Link Wods - Dual IP - b L cards Wellflest Link Wode - Dual IP Streams - within interface card

size theo testl test2 dl_fid d2 _fid size theo testl test2 d1_fld 4&_fld

(1} 14080 14409 14349 1190 1780 (1] 14880 14489 14549 12682 13024

128 8448 324 00 7106 n% 128 448 92 0340 8324 037

36 4520 449 4498 449 449 25¢ 4528 “un 449 “un “u”

$12 2349 2340 2341 2340 233 812 2349 2340 2341 23U 2341

1024 1197 1198 1198 1194 1194 1024 1197 1198 1198 1193 1198

1518 812 12 02 11 n1 1519 012 812 012 [ 383 [ 283




