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DNC Motivation and Basics (2)
• Can be used for certifying performance guarantees of cyber-physical systems, 

e.g., airplanes [Boyer08]
• Can aid in ranking different network topologies and configurations
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DNC Motivation and Basics (3) [LeBoudec01]
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DNC Motivation and Basics (4) [LeBoudec01]
• Concatenation of servers

• Output bound

• Delay bound
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DNC Motivation and Basics (5) [LeBoudec01]
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Objective and Approaches
• LUDB-FF [Scheffler21] optimizes these free parameters  

• New Approach

• Do not use optimization

• For a better tradeoff between accuracy and runtime, we provide a static setting of 
the free parameters (LB-FF) as well as one found by a directed search (DS-FF) 

• Find our code at 
• https://github.com/NetCal/DNC
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Related Work
• SFA-FIFO

• Server-by-server analysis

• Compute at each server the residual 

service curve, convolve them

• Each occuring    set statically, 

• Simple left-over curve but local view
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Related Work (2)
• LUDB [Bisti08]

• Nested interference: A tandem has nested interference iff for every pair of flows 
either both flows do not have common servers or the path of one flow is completely 
included in the path of the other.
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Related Work (3)
• LUDB [Bisti08]

• “convolution before subtraction” for nested interference

• Optimizes                    w.r.t. delay bound
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Related Work (4)
• LUDB-FF [Scheffler21]

• Extension of LUDB [Bisti08] for feedforward networks
• Step 1: Take the foi’s path as first tandem to analyze. 

• Step 2: Check for non-nested interference patterns, cut into nested tandems if necessary (is always possible).

• Step 3:  Compute the bounds on crossflow arrivals to the nested tandems by starting Step 1 with them as

• Step 4: For each nested tandem, compute the nesting tree that encodes the ''convolution before subtraction'' 
scheme according to the nesting of flows. 

• Step 5: Start the LUDB analysis for the nesting tree. The LUDB produces a Piecewise Linear Program (PLP).

• Step 6: For each linear decomposition of the PLP, one LP will be formulated and solved (with CPLEX e.g.). 
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Related Work (5)
• Holistic Network Optimization [Bouillard15, Bouillard22]

• Transforms entire feedforward network with its NC modelling constraints into a 
MILP formulation

• Computes the WCD but exponential runtime, thus only feasible for small/medium-
sized networks

• The LP relaxation, FF-LPA, has a better runtime but is still exponential

• Recent efforts try to improve the runtime of this approach by dropping some 
constraints and adding constraints from analyses such as SFA-FIFO
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LB-FF and DS-FF 
• LB-FF and DS-FF share the ”-FF” suffix with

LUDB-FF
• Embedded into the same feedforward 

analysis 

• Instead of optimizing                   , we set the free FIFO variables 

in a static way (LB-FF) / employ a search on top of LB-FF (DS-FF)

• Def. (Lower Bound on   )

• Given an arrival curve                  and left-over service curve      , we define 

• Note that 
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LB-FF and DS-FF (2)
• LB-FF

• Procedure: Traverse nesting tree bottom-up, set each     to the lower bound 

•
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LB-FF and DS-FF (3)
• DS-FF

• Uses a directed search (Hooke and Jeeves) to find a reasonable setting of

• Local Optima?  

Searching for Upper Delay Bounds in FIFO Multiplexing Feedforward Networks | A. Scheffler, J. Schmitt and S. Bondorf16

<latexit sha1_base64="Yf0aZxygNan9AwErj7ePmpFc5ZU=">AAACCHicbVDLSgMxFM3UV62v8bFzYbAICmWYEVGXgiAuK9gHtGXIpKkNzWSG5I5Yxi7d+BH+gBsXirj1E9z5C/oTpo+Fth64cHLOveTeE8SCa3DdTyszNT0zO5edzy0sLi2v2KtrZR0lirISjUSkqgHRTHDJSsBBsGqsGAkDwSpB57TvV66Z0jySl9CNWSMkV5K3OCVgJN/e2q1DmwHxvQJ2HKeAR8/09sy/ue3t+XbeddwB8CTxRiR/suF+PcjvuOjbH/VmRJOQSaCCaF3z3BgaKVHAqWC9XD3RLCa0Q65YzVBJQqYb6eCQHt4xShO3ImVKAh6ovydSEmrdDQPTGRJo63GvL/7n1RJoHTdSLuMEmKTDj1qJwBDhfiq4yRWjILqGEKq42RXTNlGEgskuZ0Lwxk+eJOV9xzt0Di5MGgU0RBZtom20izx0hE7QOSqiEqLoDj2iZ/Ri3VtP1qv1NmzNWKOZdfQH1vsPWVGb+A==</latexit>

(✓1, ..., ✓|Fx|)

foi

f1f2

1 2 3



im Menü über: 
Start > Absatz > 

Listenebene 

LB-FF and DS-FF (4)
• DS-FF

• Start combination

• Exploratory Phase

• Search within the current environment for a better setting

• Pattern Move Phase

• Compute direction of improvement

• Walk along the line of improvement

• Go back to the Exploratory Phase

• Reduce stepsize                       with

• Terminate if                           with 

Searching for Upper Delay Bounds in FIFO Multiplexing Feedforward Networks | A. Scheffler, J. Schmitt and S. Bondorf17

<latexit sha1_base64="pVWSnC1tGpZlzGHeBLM9IgaTgLg="></latexit>

⇥LB-FF := (✓LB-FF
1 , . . . , ✓LB-FF

|Fx| )

<latexit sha1_base64="DAvChziwuNibamKCed6xvtRGW3o="></latexit>

(✓new1 , . . . , ✓newi�1 , ✓
new
i ± spi, ✓

new
i+1 , . . . , ✓

new
|Fx|)

<latexit sha1_base64="ZSJYnCaLB1Bal887VB4lhgVmXNI=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIIHDbsi6kUUFPQkCkaFbAyzk44ZnJ1dZnrVsOx/iOCvePHgA/EgePA7/AEniQeNFjQUVd10dwWxFAZd98Pp6e3rHxgcGs6NjI6NT+Qnp45MlGgOJR7JSJ8EzIAUCkooUMJJrIGFgYTj4Hyr5R9fgDYiUofYjKESsjMl6oIztFI1v+Rvg0RG16l/2ABkp6mPcIWpgssso4tdaiRrWVbNF9yi2wb9S7xvUtj4fNoZ2Hu92a/m3/xaxJMQFHLJjCl7boyVlGkUXEKW8xMDMePn7AzKlioWgqmk7d8yOmeVGq1H2pZC2lZ/TqQsNKYZBrYzZNgw3V5L/M8rJ1hfq6RCxQmC4p1F9URSjGgrKFoTGjjKpiWMa2FvpbzBNONo48zZELzul/+So6Wit1JcPnALmwukgyEyQ2bJPPHIKtkku2SflAgn1+SOPJBH59a5d56dl05rj/M9M01+wXn/Agizpcc=</latexit>

� = ⇥new �⇥old

<latexit sha1_base64="9SLq89KsdIXCZO/snviqu8VluLU=">AAACVHicfVHLSgMxFM2Mr1pfVZcujIogqGWmiroUdOGyQluFTi2Z9NaGZjJDckctQz9SF4L/IbhxYfpYaBUvBA7nwU1OwkQKg5735rhT0zOzc7n5/MLi0vJKYXWtZuJUc6jyWMb6NmQGpFBQRYESbhMNLAol3ITdi4F+8wDaiFhVsJdAI2L3SrQFZ2ipZqEbVDqA7C4LEJ4wU/DY7+8HlyCRHdC/NFqiAW/FSP81Hf00BRabfLOw4xW94dDfwB+DnfPZmnzf3DosNwsvNsjTCBRyyYyp+16CjYxpFFxCPx+kBhLGu+we6hYqFoFpZMNS+nTXMi3ajrU9CumQ/Z7IWGRMLwqtM2LYMZPagPxLq6fYPmtkQiUpguKjRe1UUozpoGHaEho4yp4FjGth70p5h2nG0f7DoAR/8sm/Qa1U9E+Kx9e2jQMymhzZINtkj/jklJyTK1ImVcLJM/lwiOM4r86nO+XOjKyuM86skx/jLn8BHim1vw==</latexit>

⇥new +�,⇥new + 2 ·�,⇥new + 3 ·�, . . .

<latexit sha1_base64="5dA4XhZeFyGYJkSbrwOcrryXf/g=">AAACBHicbZC7SgNBFIZno8YYb6uWKRwNgoWGXRG1DNhYRjAXyC7L7OxsMmT2wsxZMYQUNr6KjYUitj6Ene/hAzjJptDoDwMf/zmHM+f3U8EVWNanUVhYXCoul1bKq2vrG5vm1nZLJZmkrEkTkciOTxQTPGZN4CBYJ5WMRL5gbX9wOam3b5lUPIlvYJgyNyK9mIecEtCWZ1ZU6nHs9BgonCMNEsDOHcfYM6tWzZoK/wV7BtV6sSW+dveOG5754QQJzSIWAxVEqa5tpeCOiAROBRuXnUyxlNAB6bGuxphETLmj6RFjfKCdAIeJ1C8GPHV/ToxIpNQw8nVnRKCv5msT879aN4Pwwh3xOM2AxTRfFGYCQ4InieCAS0ZBDDUQKrn+K6Z9IgkFnVtZh2DPn/wXWic1+6x2eq3TOEK5SqiC9tEhstE5qqMr1EBNRNE9ekTP6MV4MJ6MV+Mtby0Ys5kd9EvG+zdoeZl5</latexit>

spi  spi · ⇠
<latexit sha1_base64="lTbV8L5mzf2ZT1yHXv/n4A1ZAtc=">AAAB83icbVDLSgMxFL1Ttdb6qrp0YbQILrTMiKgLFwU3LivYB3SGkkkzbWgmE5KMWIb+hhsXirj1Z9z5H36A6WOh1QP3cjjnXnJzQsmZNq776eQWFpfyy4WV4ura+sZmaWu7oZNUEVonCU9UK8SaciZo3TDDaUsqiuOQ02Y4uB77zXuqNEvEnRlKGsS4J1jECDZW8l10hfwHZruHOqWyW3EnQH+JNyPlar7Bv/b2T2qd0offTUgaU2EIx1q3PVeaIMPKMMLpqOinmkpMBrhH25YKHFMdZJObR+jQKl0UJcqWMGii/tzIcKz1MA7tZIxNX897Y/E/r52a6DLImJCpoYJMH4pSjkyCxgGgLlOUGD60BBPF7K2I9LHCxNiYijYEb/7Lf0njtOKdV85ubRrHMEUBduEAjsCDC6jCDdSgDgQkPMIzvDip8+S8Om/T0Zwz29mBX3DevwErzpIA</latexit>

0 < ⇠ < 1
<latexit sha1_base64="O0LqQQe2b03eEJzrPNIQz0UBQDY="></latexit>

min
i=1,..,|Fx|

{spi} < ✏
<latexit sha1_base64="/9ZQqFpJKRrTIXTAGTP/UEEPky4=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8SNgVUUHQgBePEc0DkiXMTmaTIbMz68xsICz5Di8eFPHqP+gnePPsjzh5HDSxoKGo6qa7K4g508Z1v5y5+YXFpeXMSnZ1bX1jM7e1XdEyUYSWieRS1QKsKWeClg0znNZiRXEUcFoNuldDv9qjSjMp7kw/pn6E24KFjGBjJR81aKwZlwJdILeZy7sFdwQ0S7wJyV9+v7OP8/5tqZn7bLQkSSIqDOFY67rnxsZPsTKMcDrINhJNY0y6uE3rlgocUe2no6MHaN8qLRRKZUsYNFJ/T6Q40rofBbYzwqajp72h+J9XT0x45qdMxImhgowXhQlHRqJhAqjFFCWG9y3BRDF7KyIdrDAxNqesDcGbfnmWVI4K3knh+MbNFw9hjAzswh4cgAenUIRrKEEZCNzDAzzBs9NzHp0X53XcOudMZnbgD5y3H8jGlSQ=</latexit>

✏ > 0



im Menü über: 
Start > Absatz > 

Listenebene 

LB-FF and DS-FF (5)
• DS-FF: Runtime improvements 

• Selection of initial stepsize

• (i)

• (ii)                           . Let                                          . Then,

• Reasoning: Consider            ,then 

results in a worse delay bound for any i

• Hence, we set the stepsize

Searching for Upper Delay Bounds in FIFO Multiplexing Feedforward Networks | A. Scheffler, J. Schmitt and S. Bondorf18

<latexit sha1_base64="0D3s577YUhToO4qCrTw8Yl8PHzk=">AAACBXicbVA9SwNBEN2LXzF+RS0VWRRBQcKdiFoKNpYJmERIQtjbzJkle3vH7pwYjjQ2lvb+AgstFLH1P9j5Z8RNYqGJDwYe780wM8+PpTDoup9OZmJyanomO5ubm19YXMovr1RMlGgOZR7JSF/4zIAUCsooUMJFrIGFvoSq3znt+9Ur0EZE6hy7MTRCdqlEIDhDKzXz60FT0LpQtI5wjelpW8iWBrUTRGK318xvuQV3ADpOvB+ydTJ/V3q8/9ooNvMf9VbEkxAUcsmMqXlujI2UaRRcQi9XTwzEjHfYJdQsVSwE00gHX/TotlVaNIi0LYV0oP6eSFloTDf0bWfIsG1Gvb74n1dLMDhupELFCYLiw0VBIilGtB8JbQkNHGXXEsa1sLdS3maacbTB5WwI3ujL46SyX/AOCwclm8YeGSJL1sgm2SEeOSIn5IwUSZlwckMeyDN5cW6dJ+fVeRu2ZpyfmVXyB877N7Nym7I=</latexit>

fi 2 Children(foi)
<latexit sha1_base64="RzbwuIgi/kb38Rzms20V0murxag="></latexit>

✓i(⇥
LB-FF) := dLB-FF �

X

k2S(foi)\S(Children(foi))

Tk �
X

fi 6=fk2Children(foi)

✓LB-FF
k

<latexit sha1_base64="o51JL9nC0sMamdAOjmN5J5Apnjc=">AAACCHicbVA9SwNBEN3zM8avqKWgiyIoSLgTUctAGksFo4EkhL3NnFnc2z1258RwpLSxsfcvaGGhiK0/wc4/I24+Cr8eDDzem2FmXphIYdH3P7yR0bHxicncVH56ZnZuvrCweGp1ajhUuJbaVENmQQoFFRQooZoYYHEo4Sy8KPf8s0swVmh1gp0EGjE7VyISnKGTmoXVqCloXWkUitYRrjArt4VsGVCbkRZb3WZh3S/6fdC/JBiS9dLM7fHD3efKUbPwXm9pnsagkEtmbS3wE2xkzKDgErr5emohYfyCnUPNUcVisI2s/0iXbjilRSNtXCmkffX7RMZiaztx6Dpjhm372+uJ/3m1FKODRiZUkiIoPlgUpZKipr1UaEsY4Cg7jjBuhLuV8jYzjKPLLu9CCH6//Jec7hSDveLusUtjmwyQI8tkjWySgOyTEjkkR6RCOLkm9+SJPHs33qP34r0OWke84cwS+QHv7QtGpJ0h</latexit>

fi /2 Children(foi)
<latexit sha1_base64="qWVsTBDnTZqCD6NRBA+4bHKNU1Q="></latexit>

fp 2 Fxs.t.fi 2 Children(fp)
<latexit sha1_base64="JwpS3oNAMRhxhtb3qFAEvstl5tU="></latexit>

✓i(⇥
LB-FF) := ✓p(⇥

LB-FF)�
X

k2S(fp)\S(Children(fp))

Tk�
X

fi 6=fk2Children(fp)

✓LB-FF
k

<latexit sha1_base64="MF8/9EyWKZt5EjI6X9gYi4+O0s8=">AAAB/nicbVDLSgNBEJz1GeNrVTwJshgEDxp2RdSbQSF48JBAHkISw+ykkwyZfTDTK4Yl4MUP8eJBEfGW7/DmN+hHOEk8qLGgoajqprvLDQVXaNvvxsTk1PTMbGIuOb+wuLRsrqyWVBBJBkUWiEBeulSB4D4UkaOAy1AC9VwBZbdzNvDL1yAVD/wCdkOoebTl8yZnFLVUN9erhTYgvYqrCDcYX5zuZbO9Xt1M2Wl7CGucON8kdfL6cbfZz3/m6uZbtRGwyAMfmaBKVRw7xFpMJXImoJesRgpCyjq0BRVNfeqBqsXD83vWtlYaVjOQuny0hurPiZh6SnU9V3d6FNvqrzcQ//MqETaPazH3wwjBZ6NFzUhYGFiDLKwGl8BQdDWhTHJ9q8XaVFKGOrGkDsH5+/I4Ke2nncP0Qd5OZXbJCAmyQbbIDnHIEcmQc5IjRcJITO7JI3kybo0H49l4GbVOGN8za+QXjP4XAjmZ5w==</latexit>

⇥LB-FF
<latexit sha1_base64="H8gOm3DB98oTL7mNQ5mV8xFaNos="></latexit>

(✓LB-FF
1 , . . . , ✓LB-FF

i�1 , ✓i(⇥
LB-FF), ✓LB-FF

i+1 , . . . , ✓LB-FF
|Fx| )

<latexit sha1_base64="suC3u4lmy2Y6Q2Fc86TH1e7Pq7Y="></latexit>

spi =
✓i(⇥LB-FF)� ✓LB-FF

i

c� 1



im Menü über: 
Start > Absatz > 

Listenebene 

LB-FF and DS-FF (6)
• DS-FF: Runtime improvements 

• Before computing the left-over service curve w.r.t. a specific combination (in any 
phase), check that each           and            with    being the lowest delay bound so 
far found by the search

Searching for Upper Delay Bounds in FIFO Multiplexing Feedforward Networks | A. Scheffler, J. Schmitt and S. Bondorf19

<latexit sha1_base64="saienhDBx78LGTgIH/J6FLvIHWM=">AAAB83icbVA9SwNBEN2NGmM0Gk1psxgECwl3ImphEbCxjGBiIHeEvb29ZMne3rE7Jxwhf8PGQhFb/4ydP0Zw81Fo4oOBx3szzMwLUikMOM4XLqytbxQ3S1vl7Z3K7l51/6Bjkkwz3maJTHQ3oIZLoXgbBEjeTTWncSD5QzC6mfoPj1wbkah7yFPux3SgRCQYBSt5Hgw50L4g1yTsV+tOw5mBrBJ3QepN7NW+K8W81a9+emHCspgrYJIa03OdFPwx1SCY5JOylxmeUjaiA96zVNGYG388u3lCjq0SkijRthSQmfp7YkxjY/I4sJ0xhaFZ9qbif14vg+jKHwuVZsAVmy+KMkkgIdMASCg0ZyBzSyjTwt5K2JBqysDGVLYhuMsvr5LOWcO9aJzf2TRO0RwldIiO0Aly0SVqolvUQm3EUIqe0At6xRl+xm/4fd5awIuZGvoD/PEDD8eTNA==</latexit>

✓i < d
<latexit sha1_base64="+lGpxKTcn2cNlPOaPveW+H79NjM=">AAAB6HicbZC7SgNBFIbPxluMt6ilIINBsJCwK6J2BmwsEzAXSEKYnT2bjJm9MDMrhCWllY2FIra+gZ3PYecz6EM4uRQa/WHg4//PYc45biy40rb9YWXm5hcWl7LLuZXVtfWN/OZWTUWJZFhlkYhkw6UKBQ+xqrkW2Igl0sAVWHf7F6O8foNS8Si80oMY2wHthtznjGpjVbxOvmAX7bHIX3CmUDh//bzdfat8lTv595YXsSTAUDNBlWo6dqzbKZWaM4HDXCtRGFPWp11sGgxpgKqdjgcdkn3jeMSPpHmhJmP3Z0dKA6UGgWsqA6p7ajYbmf9lzUT7Z+2Uh3GiMWSTj/xEEB2R0dbE4xKZFgMDlEluZiWsRyVl2twmZ47gzK78F2pHReekeFyxC6VDmCgLO7AHB+DAKZTgEspQBQYId/AAj9a1dW89Wc+T0ow17dmGX7JevgG/J5FK</latexit>

d
<latexit sha1_base64="mjyPh6+EkhTvx+P2RG2DStkoubo=">AAAB+HicbVDLSgNBEJz1EWM0ZjVHL4NB8CBhV0Q9Brx4jGAekF3C7KSTDJl9ONMrrCFf4sWDIl79FG9+jODkcdDEgoaiqpvuriCRQqPjfFlr6xubua38dmFnt7hXsvcPmjpOFYcGj2Ws2gHTIEUEDRQooZ0oYGEgoRWMrqd+6wGUFnF0h1kCfsgGkegLztBIXbvk4RCQdQX1BnBPna5dcarODHSVuAtSqVle+buYy+pd+9PrxTwNIUIumdYd10nQHzOFgkuYFLxUQ8L4iA2gY2jEQtD+eHb4hB4bpUf7sTIVIZ2pvyfGLNQ6CwPTGTIc6mVvKv7ndVLsX/ljESUpQsTni/qppBjTaQq0JxRwlJkhjCthbqV8yBTjaLIqmBDc5ZdXSfOs6l5Uz29NGqdkjjw5JEfkhLjkktTIDamTBuEkJU/khbxaj9az9Wa9z1vXrMVMmfyB9fEDx8GUrA==</latexit>

✓i � 0



im Menü über: 
Start > Absatz > 

Listenebene 

Evaluation
• Setup

• 31 random feedforward networks following Erdös-Rényi model with a total of 4479 
flows

• Arrival curves set to token bucket  

• Service curve set to rate latency           with           and    set to achieve a desired 
utilization of the server between 50% and 99%

• Goal
• Find a suitable termination criterion   for DS-FF giving a good tradeoff between 

effort and quality of bounds

Searching for Upper Delay Bounds in FIFO Multiplexing Feedforward Networks | A. Scheffler, J. Schmitt and S. Bondorf20

<latexit sha1_base64="KRZ3E0LW+3P6BhHgMTzG5N3XWGs=">AAACCnicbVBNS8NAEN3Ur1q/oh69RIvgoZRERAURCl68iBXsBzYhTLbbduluEnY3Qgk5e/GvePGgiFd/gTdP/hW3rYK2Phh4vDfDzLwgZlQq2/4wcjOzc/ML+cXC0vLK6pq5vlGXUSIwqeGIRaIZgCSMhqSmqGKkGQsCPGCkEfTPhn7jlghJo/BaDWLiceiGtEMxKC355rbbBc7BT13Ri0qupF0O2emP6JSczDeLdtkewZomzjcpVsyLy8+T9k3VN9/ddoQTTkKFGUjZcuxYeSkIRTEjWcFNJIkB96FLWpqGwIn00tErmbWrlbbViYSuUFkj9fdEClzKAQ90JwfVk5PeUPzPayWqc+ylNIwTRUI8XtRJmKUia5iL1aaCYMUGmgAWVN9q4R4IwEqnV9AhOJMvT5P6ftk5LB9c6TRKaIw82kI7aA856AhV0DmqohrC6A49oCf0bNwbj8aL8TpuzRnfM5voD4y3L64NnR0=</latexit>�⇢,� = �1,1
<latexit sha1_base64="cbFt7aUeEhPg5Ro/1ZvpQB+ksWA=">AAAB8nicbVDLSsNAFJ3UV62vqEs3g0VwUUoiooKbghs3YpW+MA1lMpm2QyeZMHMjlNDPcONCEbd+jTtX/orTx0JbD1w4nHMv994TJIJrcJwvK7e0vLK6ll8vbGxube/Yu3sNLVNFWZ1KIVUrIJoJHrM6cBCslShGokCwZjC4GvvNR6Y0l3ENhgnzI9KLeZdTAkby2gED0snuS7VRxy46ZWcCvEjcGSlW7Jvb78vwodqxP9uhpGnEYqCCaO25TgJ+RhRwKtio0E41SwgdkB7zDI1JxLSfTU4e4SOjhLgrlakY8ET9PZGRSOthFJjOiEBfz3tj8T/PS6F74Wc8TlJgMZ0u6qYCg8Tj/3HIFaMghoYQqri5FdM+UYSCSalgQnDnX14kjZOye1Y+vTNplNAUeXSADtExctE5qqBrVEV1RJFET+gFvVpgPVtv1vu0NWfNZvbRH1gfP6vJk7w=</latexit>

�R,T
<latexit sha1_base64="qBZItq2F7y55k6wE/U4gSEeTg1U=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBsJCwG0RtxICNZYK5QbKE2clsMmR2dpmZFcKS0tLGQhFbX8DO57DzGfQhnFwKTfxh4OP/z2HOOV7EmdK2/WmlFhaXllfSq5m19Y3Nrez2Tk2FsSS0SkIeyoaHFeVM0KpmmtNGJCkOPE7rXv9qlNdvqVQsFBU9iKgb4K5gPiNYG+umcmG3szk7b4+F5sGZQu7y7etu/738XWpnP1qdkMQBFZpwrFTTsSPtJlhqRjgdZlqxohEmfdylTYMCB1S5yXjUITo0Tgf5oTRPaDR2f3ckOFBqEHimMsC6p2azkflf1oy1f+4mTESxpoJMPvJjjnSIRnujDpOUaD4wgIlkZlZEelhios11MuYIzuzK81Ar5J3T/EnZzhWPYaI07MEBHIEDZ1CEayhBFQh04R4e4cni1oP1bL1MSlPWtGcX/sh6/QGW2ZG7</latexit>

T = 0
<latexit sha1_base64="6vzfjcskgSEGIHLjKMYZPnslM7A=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsJCwK6J2BmwsEzEXSJYwOzmbjJmdXWZmhRBSWtlYKGLrG9j5HHY+gz6Ek0uhiT8MfPz/Ocw5x485U9pxPq3U3PzC4lJ6ObOyura+kd3cqqgokRTLNOKRrPlEIWcCy5ppjrVYIgl9jlW/ezHMq7coFYvEte7F6IWkLVjAKNHGKl01szkn74xkz4I7gdz529fd7nvpu9jMfjRaEU1CFJpyolTddWLt9YnUjHIcZBqJwpjQLmlj3aAgISqvPxp0YO8bp2UHkTRPaHvk/u7ok1CpXuibypDojprOhuZ/WT3RwZnXZyJONAo6/ihIuK0je7i13WISqeY9A4RKZma1aYdIQrW5TcYcwZ1eeRYqR3n3JH9ccnKFQxgrDTuwBwfgwikU4BKKUAYKCPfwCE/WjfVgPVsv49KUNenZhj+yXn8Ao9+ROA==</latexit>

R

<latexit sha1_base64="wBlJ1ppdMBWREmBQauUQPB96UOA=">AAAB8HicbZDLSgMxFIbPeK31VnUpSLAILqTMiKg7C25ctmAv0g4lk2ba0EwyJBmhDF36BG5cKOLWnTufw53PoA9hello6w+Bj/8/h5xzgpgzbVz305mbX1hcWs6sZFfX1jc2c1vbVS0TRWiFSC5VPcCaciZoxTDDaT1WFEcBp7WgdznMa7dUaSbFtenH1I9wR7CQEWysddOksWZcCtTK5d2COxKaBW8C+Yu3r7u99/J3qZX7aLYlSSIqDOFY64bnxsZPsTKMcDrINhNNY0x6uEMbFgWOqPbT0cADdGCdNgqlsk8YNHJ/d6Q40rofBbYywqarp7Oh+V/WSEx47qdMxImhgow/ChOOjETD7VGbKUoM71vARDE7KyJdrDAx9kZZewRveuVZqB4XvNPCSdnNF49grAzswj4cggdnUIQrKEEFCERwD4/w5CjnwXl2Xsalc86kZwf+yHn9AZzXlKw=</latexit>✏
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Evaluation (2)
• Comparison of Delay Bounds
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Evaluation (3)
• Comparison of Delay Bounds
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Evaluation (4)
• Comparison of Runtimes
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Conclusion
• Novel and scalable FIFO-aware analysis techniques for feedforward networks 

LB-FF and DS-FF

• LB-FF sets all FIFO parameters statically

• DS-FF employs a search on-top of LB-FF

• DS-FF (            ) is on average 120 times faster than LUDB-FF

• DS-FF (            ) delay bounds are worse by only 0.57% on average and 
maximally 8.56% compared to LUDB-FF

• LUDB-FF restricted to token-bucket rate-latency curves while LB-FF and DS-FF 
can be applied to more complex curves, e.g., staircase functions

Searching for Upper Delay Bounds in FIFO Multiplexing Feedforward Networks | A. Scheffler, J. Schmitt and S. Bondorf24

<latexit sha1_base64="wIf7yOQ5L8yQLeWp4b2gYS4qdD8=">AAAB+3icbVDLSgMxFM3UV62vsS4FCRbBhZYZFXUjFty4bME+oB1LJk3b0EwyJBmxDLP0N9y4UMSNC8HvcOc36EeYPhbaeuDC4Zx7ufceP2RUacf5tFIzs3PzC+nFzNLyyuqavZ6tKBFJTMpYMCFrPlKEUU7KmmpGaqEkKPAZqfq9i4FfvSFSUcGvdD8kXoA6nLYpRtpITTvbIKGiTHB4Bl3nOt4/TJp2zsk7Q8Bp4o5J7vz1627rvfRdbNofjZbAUUC4xgwpVXedUHsxkppiRpJMI1IkRLiHOqRuKEcBUV48vD2BO0ZpwbaQpriGQ/X3RIwCpfqBbzoDpLtq0huI/3n1SLdPvZjyMNKE49GidsSgFnAQBGxRSbBmfUMQltTcCnEXSYS1iStjQnAnX54mlYO8e5w/Kjm5wh4YIQ02wTbYBS44AQVwCYqgDDC4BffgETxZifVgPVsvo9aUNZ7ZAH9gvf0AQWmXqw==</latexit>

✏ = 10�3

<latexit sha1_base64="wIf7yOQ5L8yQLeWp4b2gYS4qdD8=">AAAB+3icbVDLSgMxFM3UV62vsS4FCRbBhZYZFXUjFty4bME+oB1LJk3b0EwyJBmxDLP0N9y4UMSNC8HvcOc36EeYPhbaeuDC4Zx7ufceP2RUacf5tFIzs3PzC+nFzNLyyuqavZ6tKBFJTMpYMCFrPlKEUU7KmmpGaqEkKPAZqfq9i4FfvSFSUcGvdD8kXoA6nLYpRtpITTvbIKGiTHB4Bl3nOt4/TJp2zsk7Q8Bp4o5J7vz1627rvfRdbNofjZbAUUC4xgwpVXedUHsxkppiRpJMI1IkRLiHOqRuKEcBUV48vD2BO0ZpwbaQpriGQ/X3RIwCpfqBbzoDpLtq0huI/3n1SLdPvZjyMNKE49GidsSgFnAQBGxRSbBmfUMQltTcCnEXSYS1iStjQnAnX54mlYO8e5w/Kjm5wh4YIQ02wTbYBS44AQVwCYqgDDC4BffgETxZifVgPVsvo9aUNZ7ZAH9gvf0AQWmXqw==</latexit>

✏ = 10�3



im Menü über: 
Start > Absatz > 

Listenebene 

Thanks for your attention!

Questions?
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